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PREFACE

For several years, research on the biological effects of
microwave energy was dclegated the role of a "stepchild™ among
other research problems competing for support. The bio-effects
effort was shifted among various branches and lccations within
Lhe Arwed Seivices, ualil less than TwWo y 50 Wheii
Force was given the tri-service coordinating respensibility in
this area. As a means of fulfilling this respongibi’ity, the
Rome Air Development Center and the Air Research and Development
Command Headquarters held a tri-service conference on 15-16 July
1957 to bring together key researchers in the bio-effects area
80 that each department within the Armed Services could discuss
on-going and needed research.

Within the last year, the research effort mat'ured sc rapidly
that it was thought desirable to hold a second tri-service c¢on-
ference on the biolreical effects ¢f microwave energy so that
military, universitv, and industrial researchers could keep
tnformed on the activities and accomplishments to date. The
conference was held 8, 9, 10 July 1958 under the able chairman-
ship of George M. Krauf, Colonel, USAF(MC), at Rome Air Develop-
meni Center, Griffiss Air Force Base, Rome, New York. It was
especially fitting that Dir. Knauf shculd organize aad sponsor such
a conference, because of the outstanding cowpetence and leader-
ship he has demonstrated in thas area.

The foiluwing papers represent the contributions of many

leaders in tne fields of biology, physics, medicine, engineering,




and péychology. Every atteumpt has been made to present the papers
for the reader as they were presented at the conference. In some
cases additional information hes been incorporated into the presen-
tations. It is hoped that no injustices to content or persons have
resulted from the task of editing the manuscripts and transcriptions.

Special thanks are expressed to Colonel Knauf, Mr. Brownstein,
and the staff of RADC for their hospitality and skiliful handling
of the arrangements for the conference. The editors &lso wish to
express thanks to Miss Mary Ann MacDougall at the University of
Virginia for her able adn..nistrative assistance in preparing these
proceedings for publication.

1t is hoped that the following presentations will be useful
in s mmarizing the present knowledge on the biological effects of
microwave energy and that it nay be of value as source material

for future researchers.

Evan G. Patt’ 'shall

Frank W. Banghart
Charlottesville, Virginia
September, 1958




TABLE OF CONTENTS

Page
WELCOME 1
donald P, Graul, Brlig Gen, USAF

OUTLINE AND PURPOSE OF MEETING 3
. George M. maaf, Colonel, USAF (MC)

PHYSTCAL CHARACTERISTICS C* MICROWAVES AS

RELATED T0 BIOLOGICAL EFFECTS 9
. Dr., Joseph H. Vogelman

DISCUSSION OF LONG~RANGE DEVELOPMENT PLANS

IN THE AIR FORCE 19

. . Harry Davis

MOLECULAR RESPONSE CHARACTERISTICS TO ULTRA-

HIGH FREQUENCY FIELDS 33
. Dr. Herman P. Schwan

NEW CONCEPTS IN PERSONNEL PROTECTION he
. George M. Knauf, Colonel, USAF (MC)

THE PATHOLOGY OF HYPERPYREXTA 54
. Dr. Frank Hartman

RAD1IO FREQUENCY HAZARDS ABOARD NAVAL SHIPS 70
., John Roman

MICROWAVE RADIATION HAZARDS PROBLEMS IN

THE U, S. ARMY 79

. Lloyd €. MacMurray, Lt Col, USA (MSC)

ii1




PEARL CHAIN FORMATION

. Dr. Julia Herrick
FIELD TRIAL OF RICHARDSON MICROWAVE
DOSIMETER

. Dr; Thomas Ely
HUMAN ENGINEERING APPLICATIONS AS RELATED
TO PERSONNEL PROTECTION

. . Anthceny Debons, Lt Col, USAF
MEDICAL CONSIDERATIONS OF EXPOSURE TO
MICROWAVES (RADAR)

. Dr. Charles I. Barron
RECOMMENDED TCLERANCE LEVELS OF M-W EVERGY
CURRENT VIEWS OF THE GENERAL ELECTRIC
COMPANY'S HEALTH AND HYGIENE SERVICE

. Dr. B. L. Vosburgh

REVIEW OF THE BIOLOGICAL EFFECTS PROGRAM

. . George M. Knauf, Colonel, USAF (MC)

SURVEY OF MICROWAVE. ABSORPTION CHARACTERISTICS

OF BODY TISSUES

. Dr, Herman P. Schwan
REVIEW OF THE WORK CONDIICTED AT 'f{UFTS
UNIVERSITY (USAF Spunsored)

. Dr, Russel L. Carpenter
REVIEW OF THE WORK CONDUCTED AT UNIVERSITY
OF ST. LOUIS {USN Spcnsored)

. Dr. Alfred W. Richardson

Page
88

97

105

112

118

124

126

146

169




REVIEW OF THE WORK CONDUCTED AT UNIVERSITY
OF ROCHESTER (USAF Sponsorec)

« + Dr., S. Michaelson
Dr. Joe W. Howland
Dr. R. Dundero

Ty m Ty
REVIEW NF THE WORK CONDUCTED AT

OF BUFFALO {USAF Sponsored)
« + "ir. Herry Flischer
“r. Clinton Osborn et al
REVIEW OF THE WORK CONDUCTED AT TULANE
UNIVERSITY (USN Sponsored)
+ Rene Baus et al
REVIEW OF THE WORK CONDUCTED AT UNIVERSITY
OF MIAMI (USAF Sponsored)
+ » Dr. Moreno Keplinger
REVIEW OF THE WORK CONDUCTED AT UNIVERSITY
OF CALIFORNIA (USAF Sponsored)
. Dr. Baruch S. Jacotson
Dr. Charies Susskind
REVIEW OF THE VIORK CONDUCTED AT STATE
UNIVERSITY OF IOWA (USAF Sponsored)
« Dr. Charles J. Imig
Dr. Gordon W. Searle
REVIEW OF THE WORK CONDUCTED AT SOUTHWEST
RESEARCH INSTITUTE (USAF Sponsored)
+ +» W. L. Rollwitz

Page
175

189

202

215

234

ab2

254




WELCOME
by

Brig. Gen. Donald P. Graul, USAF
Commander, Rome Air Development Center

COLONEL KNAUF':
Tt ia a nlsaayra thia morning to introduce mv boss to vou.

You know we all have a tendency to stick ocur cheats out and
say{ "See what I have done," and forget that the part we indivi-
dually play is a very small one, This has been especially true
here in my case,

I am ever conscious of the great help I have received from
the individual at the helm here at the Rome Air Development Center.
Without that help I am afraid we would not have gotten very far in
our research effort.

Our commander, Brig. Gen. Donald P, Craul, has veen at once
a counsellor, a patient and tolerant overseer, and & real friend,
especially when the going has been a little rough.,

It is my pleasure to introduce Brig. Gen. Donald P. Jraul,
the Commander of the Rome Air Development Center.

BRIG G'N GRAUL:

I want to welcome all of you to Rome Air Development Clenter
for this Second Conference orn the Effects of Microwave Energy.
Wnile this is labelled on the program "Tri-Service,"™ we are
certainly happy to have all of those psople working on the problem
from the university field. This group is unigue in that we have
- .ictronic scientists, engineers, and industrial medicine specialists.
It is just recently that these two fields have been brought together
in this way, and we will be looking to you psopls to solvs these
problens, or at lcast devermire what the effects are and how we

can avoid any harmful effects. As long as our equipment designers,




our component developers, go to higher and higher powers, we will
have the problems we have today or increasing problems. With all
of the people in this unique area here, I think we should finish
the confsrence with a better understanding what is going on and
what has been achieved s¢ far. It is important to us who are
developing this equipment TO Know the answers becaus@ the people
using it in the field look to us foy the measurements; possible
effects, danzer areas., In other words, they look tc us for the
answers, and we are hoping to get that out of conferences such as
this and contracts that are now in effect. I hope, and I am sure,
that this will be a very beneficial meeting to all of us., We are

v~lad ycua are here.




QUTLINE AND PURPOSE OF 'THE MEETING
by
George M. Knauf, Colonel, USAF (MC)
Deputy Director of Applied Ecology
Directorate of Technical Services, RADC
It certainly is gratifylng to see so many of you here.

We sincerely hone you find the material we plan to present
both useful and thought stimulating- We have endeavored to -
put together a program which will first, be an up~to-the
minute review of Jjust where we stand in our research effort
in the armed forces and second té couple with this research
report certain data in allied fields which may te of some
assistance in meeting everycay protlems related to biological
hazards. For the most part this span of material has been
built around queries we have received from you since our la:t
conference in July 1957. I am sure you all realize that it
is difficult to restrict a program of this sort to purely

blological subjects. There are many other considerations

The application of sound humen englnecring principles, a
study of the value of shilelding to cur personnel protection
plans, the education of operating personnel, all play an
important part in the total effort. We have attemhted to
high-1ight these areas in our ageiida. We will not belabor
these topics but will just touch on thex in order that you
may know how the thinking goes at the moment in those {iclds.
We will also'be privileged to take a look at the long range
plans in the area of Alr Force electronic development. I feel

which must ve built in to our approach.
this to be most important. It is extremely important that each of




have a clear mental plcture of the ultimate goal of our investiga-
tive effort. When this program was first concelved at Rome, we
limited our thinking to the problem of hazards that might result

from exposure to this energy. Our effort was directed toward equip-
ment in being at that ¢time., We 890n realized that this was a serious
mistake. It became apparent that:at least 2 or 3 years would pass
before we were in possession of factual data relating to h:.zards

that might arise from equipment already in the field. A gquiek look
at the research and development program made it clear that by the

ti 2 we had that data much of the hardware 1t applied to would have
been made obsolete by a new generation of equipment. It was certain
that we would remain 2 or 3 years behind the systems development pro-
gram,

Obviously the development people were not disposed to take a
holiday to allow us to catch up. Nor could we by-pass the urgent
need for hazards data related to the equipment in use. The only
apparent solution was to attempt to combine these two approaches.

At about this time a new consideration appeared. A sputnik was
launched. Of course our program was affected by the accelerated
drive to get ahead with research. The word research had a new found
appeal, a new charm. I am not going to comment further on this fac-
et of our na?ional philosophy which had so blithely set aside vital
regsearch endeavors at a time when the need was so great, As a re-
sult of this new interest in missiles and space,we found a com-
pletely revamped development program being boria, The cry was for

more power and more power, Research concepis set aside in the recent




past were taken down from the shelves, dusted off and given high
priorities in the program. The emphasis was on new ideas, on a
break through. O0f course to those of us involved in the biological
side of the work this meant real trouble. We were already behind.
Ever since this program was born I have felt like a 3-year old try-
ing to keep up with his father on a walk through the woods. Now it
aeémed that the task of keeping up with Dad was Jjust aﬁout hopeless.
But it had to be done.

We had no way of knowing just where the power output of the
new equipment would fall, so we decided to extend the span of our
investigation in such a manner as to try to accumulate some data
in advance of an actual requirement for it. As a result we set out
to do certain whole body exposures at levels as high as 1.0 w/cm2
of r/f power., This was modified in the case of selected organs to
conduct exposures at lower levelr where the energy could be con-
centrated on a tissue or body structure. Thus, in the case of the
eye, exposures were conducted at about .3 u/cma. It must be re-
membered that we had esvablished arbivrarily a maximum safe ex-
posure level of .01 w/cma. Thus our experiments were tallored to
power levels as much as 100 times greater than our maximum exposure
level. You will remember that I have staved on many occasions that
the most powerful radar set in operation today cannot produce this
.01 w/’cm2 of power at 500 feet, even in the axis of the main bean.

Now when we looked at the whole research effort in its new
setting 1t became obvious that it could not any longer be properly
called a hazards investigation. We were {ruly looking at the broad

5




spectrum of possible microwave effects with a view toward being
ready should our deveiopment people.be successful in coming up with
the higher power radar they were dreaming about. We dropped the
word "hazards" from the title of our effort and raplaced it with the
word "effects." On this basis we have proceeded with the work you
Will hear about in vhe next couple of days. As you lisiten Lo ihese
presentations of our research friends, be sure to bear in mind the
two objectives of all of this work. We first are interested in any
possible effect on man which might be produced by the power pro-
duced by radiating equipment in use today. Then next we want to

get some idea what lies ahead blologically if we continue t¢ increase
the power output of our equipment. Of the utmost significince is
the wide gap between the power we are operating at today and the
levels at which we are conducting our probing exposures, Remember
that the latter are many times greater than the capability of pres-
ent day equipment. I thinic this might be a good time to say that
up to date there has not been any effect produced or even hinted at
at power levels which remotely approach our established maximum 8ife
.exposure level. An effect does not become a hazard until man is ex-
posed to such an effect, and with the equipment of today this possi-
bility is remote.

A few minutes ago I said you were safe in the axis of the main
beam of today'!s radar sets at 500 feet. You must here again remem-
ber that to be a hazard, this axis of the meln beam must be so lo-
cated that a man can get into 1t. You can readily see that with

tower mounted equipment operating at the usual angle of tilsg, the
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chance of getting into the main beam is rather ﬁnlikely. As a mat-
ter of fact, we find this possibility pretty well limited to our main-
tenance and operating technicians. Now that we have been able to
delineate the hazardous areas aruvund our gear, we have found it pos-
sible to devise protective measures which will adequately protect

le., There seeme virtually no poseibility of an in-
nocent passerby straying into the beam of existing equipment. Our
current interest is in the new series of equipment on the drawing
board at tha present time. Here a certair mumber of these built-in
safeguards are removed. We can be certain that we will attain power
levels equal to our maximum safe exposure level over a much wider
area. Such levels will not be restricted to the main beam. Be-
cause of the peculiar configuration of this equipment, it will be
necessary for certain technical personnel to spend varying periods
of time in areas where the ambient power level will exceed .0l w/cmz.
However, the upward tilt of the beam will still be there, thus offer-
ing prqtection to the casual passerby. It is not appropriate at

this m;eting to go into details of this equipment. It is sufficient
to say that the power of this proposed quipment is much greater than
anything we have dealt with before. Tha problem of accidental ex-
posure to this higher power becomes a possibility. The need for pro-
tective clothing to cope with certain operating and maintenance piob-
lems appears inevitable as doms the need for more attention to shield-
ing for buildings and passageways in the operational areas. Even here
there does not appear to be any nesd for concern about any hazardous

situation outside of the immediate vicinity of the equipment. It is




with the thought that we must be ready with answers for the ques-
tions that will certainly be asked, that we are golng ahead with
this forward looking research effort,

We had a meeting a couple of months ago attended by all of our
hat vime we leel we ilruned out most of
the technical detalls involving our research procedures, Some of
the presentations you willl hear are in fact the result of that meet-
ing. I hope you willl bear in mind that our purpose 1s to present to
you certain data.

It is of vital importance that all of you be extremely cautious
in discussing the data presented at this conference. It is essen-
tial that you clearly point out to your listeners the fact that our
results cannot be tied to today's equipment. You must remember that
this subject has an enormous public appeal and lends itself readily
vo sensational headlines in the press. I know, We are presenting
the whole story honestly and factually in ikeeping with our promise
of last year. This 1s done because we feel that a technical group
such as this will be able to accurately interpret the results of our
work in terms of hazards., We feel this group represents the folks
who have a need to know what we are learning. This might be looked
upon as a report to the stockholders. Use it wisely--pleacge do not

betray-our confidence,




PHYSICAL CHARACTERISTICS OF MICROWAVES
A3 RELATED TO BIOLOGICAL EFFECTS

by
Dr. Joseph-H. Vogelman, D. Eng., RADC

COLONEL KNAUF:

WO single facet o this whele problom of misrowave affante
seems to cause more confusion than the questions which arise out
of the failure to undenrstand the physical characteristics of this
energy and how 1t differs from ionizing radlation. In the hope
that we might get our feet on solid ground right from the beginning
we have asked Dr, Joseph Vogelman, the Technical Director of our
Directorate of Communications, to discuss the physical characteristics
of microwave energy as they are related to our problems in the bio-
logical arca. Dr, Vogelman is a nationally recognized authority in
the field of microwave theory. I might add that he has been of in-
valuable assistance to me in my management of this work. I am sure
that we will all profit by the information he has for us this morning.

DR. VOGELMAN:

Initially, let me outline the differences between what I am
going to talk about and what someone would talk about i_ he were talk-
ing about X-Ray. Basically, the difference is in measurement, In the
case of microwave energy, we measure the power it takes to generate
the field. In the case of X-Ray, we measure the effects of the field.
When you are talkilng a%out roentgens, you are talking about the ioni-
zatlon that is produced by the field. This i1s a different kind of a
number. I¢ means something different in terms of power when you talk
about short X-Rays as ccmpared to long ones., Now, in the case of X-
Rays, we have been measuriﬁg the radiation effect. In fact, all the
measuring instruments measure effect. uin the microwave case we talk
about the power generated, the strength in the field, and not its

affect. This makes a significant difference. It is not the current




that you generate in the X-Ray tube that 18 determining the amount
of energy, but the fact that shorter wave lengths take more power
to create in the first place. Now that I have made these general
comments, I will discuss only the microwave cases.

Let me first introduce you to some basic concepts of frequency
and wavelengths. The first concept which nas imporiance in e el-
fect of radiation of the microwave case 1s the frequency. It is ac-
tually the wave length that we are talking about, although these two
are related. The thing I want to point out is that the shorter the
wave length, the higher the frequency. This is the same thing that
you find out on a violin or on a piano, the short strings make the

high notes and tne long strings make the low notes,

FREQUENCY WAVELENGTH
LOW FREQUENCY LONG WAVE
HIGH FREQUENCY SHORT WAVE
SUPER HIGH FREQUENCY MICROWAVE

In the frequency column above, if the frequency is low, we
have long wave lengths, If 1t is high frequency, we have short{
wave lengths. If it is super high frequency, we call them micro-
wave-wave lengths,

Let us look at “ve effect of the wave length (Figure 1). Each
one of these balls corresponds to a wave length. The obstacles cor-
respond to the physical characteristics. These characterisiics have
various parts. First they h- - ¢e8, Yo' will see big bumps and
smaller ones. Secondly, they have physical properties which in the

electric case would be dielectric constants, resistivity, and
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Dermeability. These are equivalent to determining whether obsta-

cles are made of rubber, steel, or rock; so if this is made out of
rubber, it absorbs 211 the shock and all the energy is transferred
into the rubber., If it is made out of something that 1s very hard,
such as rock, 1t absorbs very little of the energy and most of the
energy 1s used to kick them off somewherec else. All these properties
have a significant effect. You see the large ball keeps going in
spite of the bumps because they roll over theﬁ. There is nct enough
energy removed from the large ball by the small Lump to be significant,
so that they keesp going out of the picture. The medium size wave
lengths get trapped part way through the material and the very small
ones get trapped almost immediately. - )

Let us look now at some numbers.

FREQUENCY WAVELENGTH
1,000 KC/S - 300 METERS
100 MC/8 - 3 METERS |
10,000 MC/S - 3 CENTIMETERS
1,000 KMC/S - 300 MICRONS
100,000 KMC/S - 3 MICRONS

A thousand killocycles corresponds to three-hundred meters. As a
rule of thumb, an obstacle ought to be at least one-tenth as big as
the wave lengtn. So if you are talking about a thousand kilocycles
to get a significant effect, it ought to be at least thirty meters
long. I do not know any people thirty rmaters tall, so thoy are
reasonably safe. Let us look at a hundred megacycles. It is three-

tenths of a meter, thus a man becomes significantly tall at a hundred

11




megacycles, Ten-thousand megacycles corresponds to three centi-
meters, We are tallking now about three-tentgs of a centimeter as
being significant. Here individual components of an animal or human -
being become important. In adéltion, the penetration through the in-
dividual is also significantly reduced. Thnis penetration can be con-
side.ed to be in the order of sometiilng like a hundredth to a tenth
of the wave lengtns in ordinary flesh. You can expect that on the
aveirage penetrations of a three-hundredth to three tenths of a centi-
Jeter, Now when we get up to a hundred-thousana :.ilouegacycles, we
arc talking about three microns (three millionths of a meter) wave-

leagtin. ‘That penetration is about tue saue az one layer of skia

o and wiien you get out Leyond the infra-ved, only the top oi the skin

is penetrated., 1. you go lower to the ultra-vioclet, Just the top
layer of skin gets burned and nothing else happens, at least 1if you
don't et sick with some other side effect, The things that are im-
Qostant are the amounts of microwaves, l.e. the microwave energy pres-
ent, the amount reflected, and the amount transmitted through the ob-
Ject, It does not matter how blg the fleld 18, rather the amount of
abscrbed energy. If you are talking about biological effects, you
are considering the sitin, the musclies, and various constituents of
the body. One thing of importance is size. A sccond 1s the loss in
power, If the objec. nas absolutely no microwave power loss, the
energy Jjust goes'through as 1f the obstacle were not there. Material
like polyfoam has this characteristic. A third important effect is

the interface effect. Every time you go from one material to another,

this change or discontinuity produces a re-orlentation of the power.
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Let us look at this discontinuity. Flgure 2 illustrates a
curt on a street corner. If we have a bunch of balls coming down,
(the vall size is still wave length) the big ball meeting this dis-
continuity bounds over and loses some of its energy. The small balls,
on the other hand, come along and they hlt the curb and bounce back.
If there are enough balls coming from the-left end, eventually some
of them get over, but the;e is a big pile up on the left side of the
discontinuity., If the speed of the balls is just right, some of the
balls coming from the left will meet some of the balls bouncing back.
Since they both have exactly the same amount of energy, y. 4 get a
big plle of balls in the middle. In electro-magnetic terms, this is
the standing-wave phencmena which is very important. If you are talk-
ing about the power that 1s absorbed in this area, you will find that
there 1is much power here but very'small amounts on either side of
it, It turns out in fact that after the discontinuity itself, you
may have no power absorbed or reflected back. Three things are im-
portant: how much power is transmitted through and how much power
is reflected back, and where it is lost.

Let us look at the next phenomena--resonances. I originally
recommended that we subject ali the biological specimens to all fre-
quencles on a cnontinuous basis, because I know of some ten-thousand
different resonant frequencies for different materials which have
been tabulated by different physigists over. the last ten rears.

Thus, if you pick the right mat?rial. you can get & resoanance av
any frequency. Economics persuaded everybody that they ought to do

it at a limited number of frequencies and not try to find all the
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resonances., There are two important resonances, The first 1s the
dimensional one. If the object is a specific part of a wave length
in length, it will build up the maximum energy in the miadle of
that object. The second resonance which is important is inherent
to the makenun af the materiale.maleenlar, elantwon, and miocleng,
The molecular resonances result in movement of the constituents of
the molecule in such a manner as to stretch the bonds between them,
If you put in enough power, you can make the molecule break up and
form different molecules., The electrons that spin around the nu-
cleus also resonate. Finally, the nucleus itseif resonates. It
orlents itself with respect to the fleld. These three resonances
are inherent to the material,

The first resonance I indicated 1s inherent to the disensions
of the material. Those people who remember the Model T will know
that the bumps in the road were always about as far apart as the
two vouwc of wheels and that the car would go wp and down on a con-
tinuous basis. This 1s strictly a dimensional resonance, having
nothang to do with the properties of the Ford, but with the spacing
between the bumps in the road. With new cars we go very fast; the
spacing between the bumps is still significant. However, we reach
a point where the natural resonance of the springs in the car take
over, If you have driven with a shammy, you can realize that when
you get up to speed LU gebs worse and worse as 1% absorbs more and
rnore energy from the road with bigger and bigger bouncss., This is

7 resonance due to the material.

14




Now let us look at some of the problems in the antenna.
ANTENNAS - BEAM_PORMING

NEAR FIELD
FAR FIELD
REFLECTIONS

Insofar as bilological hazards are concerned, the only signi-
ficant place for microwave energy is the output of the antenna.
There are three contributors that comprise it. One is the
near field. That is the region where the beam has not yet
“formed. There i1s a near field for every sntenna which depends
on the size of the antenna and on vue wive length. There 1;
the far field where the radar beam is formed and where the
energy falls off as the inverse square of the distance. The
third i1s reflection. Because of the presence of objects within
the vicinity of the antenna, and in spite of the fact the
antenna may be looking in another direction, you get energy
reflected in various other places in such a manner that they
may add in some places and subtract in others. Thuz, you can
have large energy away from the main beam in scme cases. On
the other hand, much closer to the main beanm, you will find no
energy at all.

Let us look at our antenna beam (Figure 3). The antenna
beam is mad~ up of a feed horn which feeds energy to the re-
flecting surface and the reflecting surface hits the energy
back in all sorts of direction. Every small sectisn of the
antenha aperture has to feed back energy in a small quantity
in generally the right direction. Some of it escapes and goes
out in other directions. Beyond this region there is in-

conerent beam. It may have maxima or minima at
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different places. The energy is spread out over the total width

of the aperture and stays within this width in the near field., At
some glven point the beam starts to form. Where the beam starts to
form is where we define the far field. This region we call the near
region, Cnce the beam formé, it maintains the same shape, but it

It oets wider and wider and as a
result the energy per unit area goes down. The important thing 1s
that you cannot use the standard formulas in the near fields for
determining whether there 1s or 1is not a hazard. "

The thing that you want to know 1s how much field there is in
any specific place. Basically, when you measure the field strength,
you are not determining whether there is a hazard or not; you are
determining the likelihood of there being a hazard. I pointed out
before that there are the important things that you must consider.
First you have to consider the fact that the object must be at least
of' significant size compared to the wave lcngth. If you nave a field
strength of a tenth-hundredtn of a watt/bme, but if it is at a wave
length which 1s three hundred meters, it does not really make any
difference. Secondly, you have to find out how much of the energy
would be absorbed. If the body happens to be transparent to this
wave length, then 1t is nov significant what the field strength 13
either, Thirdly, you have to know now much ot tne energy is re-
flected. Energy is reflected from all kinds of intarfaces. Vinat we
are doing in this measuring technique is telliug you what the oppor-
tunity for the existence of hazard is. The way to do th.s 1is very
strasght fosward., We use standard Air Fosce power mebters and cali-
boated antennas and we tell you that the field strength, the toval
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amount of power that exists at any g;ven point, is so many
hundredths of a watt/cm2, This says there is the opportunity
for the exiastence of a hazard &t this point. The standard
technique that has been used here is very effective and will
give you the answer you would need for determining whether
tuere is a hazard.

The figure below serves as a reminder that the power
absorbed is the power that is of interest in the microwave
hazards program.

POWER ABSORBED =

INCIDENT POWER LESS REFLECTED AND TRANSMITTED PCWERS
The incident power, i.e., the power that you measure with
the power measuring equipment, (thus the power absorbed),
is the incident power less the reflected and transmitted
powers. If energy comes out the other end, it does not
affect you. Also if it is reflected from the skin, it does
not affect you. Now, basically, the vhing you have to
determine, to establish whether there is a hazara, is how

much power is absorbed.
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DISCUSSION OF LONG RANGE- DEVELOPMENT PLANS
IN THE AIR FORCE i )

by
Harry Davis, Scientific Director, RADC

COLONEL KNAUF:

Seldom doas one hava the good fortune that has been my lat at
Rome. Here I have found patient guidance and tolerant instruction
at the hands of a group of people already prossed by the magnitude
of the task ahead of thenm. :

Foremost among this group with whom I have been privileged to
associate is Mr, Harry Davis., Mr, Davis is the technical director
of the Rome Air Development Center, His is the task of maintaining
some semblance of scientific order in this bag of worms which re-
sults from the frenzied progress which marks the field of electronics.
Mr, Davis has never been too busy to spend time answering my ques-
tions, never unwilling to stop and patiently explain how I happen
to be going the wrong way on a2 one way street. Too he has endorsed
my work when there has been a question as to whether we should con-

tinue,

Mr, Davis, of all individuals in the Air PForce, 1is best fitted

to discuss with us the future of higher power electronics in our
field. As a matter of fact, he decides to a great extent where the
Alr Forcs might best apply its electronic research resources.

MR, DAVIS:
What I woulc like to do first is to review just very briefiy

what Dr. Handelsman presented last year and then go on to some qr
the things we discussed, some of these unclassified things which
were digcussed at a space symposium held recently at Wright Field
and which_prepresented Air Force thinking. The only picture of a
frequency diversity radar which was unclassified was the one walch
18 called the AN/FPS-26--one of a new family of radars. It 18 a
height finder radar. Radars in this new family may have from 10

kilowatts of average power to 70 xilowatts of average power ﬁhich
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is quite a Lot (Figure 1). This gives an idea of what ﬁhis radar
looks like. We have a tropospheric scatter communic;tion set which
radiates arounﬁ 10 kilowatts of average power. The new generation
‘of these communication sets will radiate around 100 kilowatts -of
average power. ]

What we'd like to do 1s éhow quickly the present radars, the
present communications and where we are going from there and what
type of power we are dealing with,

Let's have a brief review. The next two slides are entitied
"How to be a Design Engineer in Two Easy Lessons."” I suspect that
we needn't dwell on this, since last year's minutes contain Dr.
Handelsman's notes and Figure 2 is the diagram taken from these
minutes. With tﬁese data, you can gquickly calculate the power den-
sities, both in the waveguide shown at the bottom or in the feed
shown in the middle of the slide. 1

/Figure 3 again points out some highlights of Dr. Handelsman's
talk. One is concerned with three regions in space when considering
iated power pruviem; that is, the Fresnel zone or near rielé
region.u'The Fresnel region extends over a distance equal to roughly‘
one guarter of the dlameter of the antenna squared divided by the
wave length. The same linear units, inches, feet, meters, miles
are used. The next r- “‘on 1s the cross-over region where you are
neither in the Fresnel reglon or in the far field. 1In each~o£ these
regions therelaré indicated on the slide rough equations ﬁhich give
values for the poﬁer density. These may be daﬂgerous. They really

give an average value; they don't give you peaks.
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Table 1 belc: 7 -~~-~%+ad lagt year) 1s a cross section of the
magnitude of power whicn we are “ea¥ing witn .. "~v. the different

frequencies, the average power and the pow.r Jcnsities at the feed.

" TABLE 1
Freguency Tube Peak Power Avérage Power Power Density
9200 me Magnetron 0.75 MW 0.75 Kw 234 watts/cm?
. 5400-5900 Klystron (T) 3.0 MW 3.0 KW 303 "
2700-2900 Magnetron 5.0 MW - 4.5 KW 156 =« "
Magnetron (T) 3.5 MW 3.5 KW 120 "
Klystron (T) 5.0 MW 8.0 KW 276 "
1250-1350 Magnetron 9.0 MW 10.0 KW 86 "
Klystron (T) 2.0 MW 6.0 KW 52 "
Klystron (T) 10.0 MW 15.0 KW 129 "
Loo<450 Triode (T) 5.0 MW 300 KW 212 "

Concerning the scanner used in the detection of ballistic mis-
siles, Figure 4 illustrates the Toius 3canner. It is so called be-
cause the reflectur has the shape of a torus.

Figure 5 showes ancther type of radar also for missile detec-
tion--the AN/FPS-17. This one is at Loredo, Texas. It emits about
a 100 kw of average power while the "Torus" is about 600 kw.

Figure 6 shows a tracker. This tracker radiatea about 600 kw.
It will be instailed down range. '

Now proceeding into a longer time scale, we are going to start
playing around with communications by satellites (FPigure 7). And,
I think that you all know that if we had a satellite twenty-five or

twenty-six thousand miles from the center of the eafth, it would
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stay fixed relative to any position on earth. In other words, if
the rate of rotation corresponds exactly to the rotation of a point
on the equator, of courge, it would bg rotating in the equatorial
plane; and if we had three such satellites, 120 degrees apart, al-
most all of the earth could get communications &t all times hy send-
ing the message to these satellites which would then be radiated
back. We can have several types of re-radiations, eigher an active
type which has active transmitters in the satellite of, as 1llus-
trated in the corner, we can have a corner reflector, a cluster for
instance. The power juast hits the satellite and bounces back. Thus,
no batteries are necessary in the satellite. ‘
Now, we are going to quickly switch between radar and communi-
cation (Figurc 8). Here is the type of calculations that get a
design of a radar of twenty-five thousand miles. Incidentally, the
AICBM was a 2500-mile radar. We are going to twenty-five thousand,
very quickly, in two or three minutes; but, again, we find we are
getting most of 1t not by increasing the power so much but by having
a bigger antenna. You note that the power is only 250 kilowatts and
we are requiring an antenna 3000' by 3000!'., Notice the configura-
tion of that antenna having individual dipoles with transmitters
connected to each one. This is called a "phased-array-type an-
tenna," and it is ve.y interesting because, with conventional an-
tennas, you have the power density right in front of it. This is
your ébst dangesrous region. Well, not with these phased arrays.
They will ‘emit power in any direction, so that there are dangerous

radiations possible in many directions from a fixed antenna.
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- How, we ére graduating from the earth and earth sateilités to
planets (Figure 9). Here we have the planets of most inturest for '
the immediate future. We are dealing primarily with Mercury, Venus
and Mars and here are the average distances, Notice that they are
all in one plane, the ecliptic. This is the plape of most strategic
worth aé far as we are concerned. .

Now we will add some quick calculations on what it would take
for a radio set to communicate between earth and the planets. Fig-'
uvre 10 shows that we are arriving in the region of a million watts.
liotice 106 down at the bottom of the graph. To get the correspond-
ing distances, we observe the vertical scale, thus see the distance
of Mercury as shown; the sun is the top dotted line. Here is Mer-
cury, then Mars, then Venus. Vith different receiver sensitivities,
we can get the power required.

If you want to have an inter-planetary radar set, you can see
in Figure 1l that we are talking about peak powers of abrut a thou-
sand megawatts, with ten secornds ¢f integration and average powers
nf ahont. one hundred megsawatts.

Let's have a look at our galaxy (Figure 12). This would be

" the next goal in our long range planning. From the center of the
égiaxy, the sun is set off about 27,000 light years. This is the
magnitude of d -tance over which we may want to communicate.

Again we ask--how car you communicate over these distances?
Most of the available spectrum is shown in Figure 13, and there are

" just a‘few "windows™ or a few frequencies where we actually can get

out. One window is the optical one. The other window is the radio
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spectrum, which is much broader than the optical wiﬁdow. In Dde-
tween we are pretty much in the dark as to what we can chserve in
outer space.

If we wanted to communicate interstellarwise, we have some
predictions in Table 2 about what we can do. In 1965, we should
have 10 megawatts peak at 10,000 megacycles for the antenna area
illustrated for receiving and transmitting. With such equipment,
we can get 25,000,000,000 miles communications or 4/1000's of a
light year. By 1975, we estimate that we can get 10,000,000, 00Q 000
miles or 1.76 light years, enabling us to send one bit per second.
Incidentally, this doesn't do you much good since the nearest star
is four light years away. Who wants to know what happened four
years ago? That's the situation, if you did want to do this. The
question is - why send information that fast if the information re-
turned 1is four years olgd?

TABLR
INTERSTELLAR COMMUNICATION

1965: 10 mw_peak, f = 10,000 mc, Transmitting and Receiving
Area - 100 m@

J = 10 Microseconds BW - O,1 mc NF z 8 db Losses 9 db
R z 25 Billion Miles = 0.0044 Light Years

1975: R « 1C .oillion Miles = 1,76 Light Years
. (Why 1 bit/second?) (Nearest Star 4 Light Years)

(The next page will be 25)
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1965 Range Region Covered 1975 Range Region
(Million From Earth (Million Covered
Miles) (1965) Miles) From
Farth
‘ (1975)
Omnldirectional 10.5 Voice Tnsufficient for U400 Voice * Mars
Transmiosion 8 18 Code* Interplanetary TOO Code¥* Venus
Receontion Communication Jupiter
Beamed Trans 1,500 Voice All Solar 60,000 Voice All
O Recepiion 0,000 Code¥ Sysien 320,000 Coder Solar

(Antenga Areas

= 100m

System

*Code at 100 Bits per Sec.

3

Tablé 3 lists some radair improvements which are necessary be-

o

fore we can have a radar instellarwise.

For example, here we are

considering a thousand megawatt peak, sixty megawatt average, ahd

possibly twenty thousand megawatts by pulsed nuclear reactions.

IMMROVEMENTS IN DETECTION

Power:

1000-MW FPeak:

TABLE 3

(490-HC RADAR)

60-MW Avsg,

(20, 000~V by Nuclear Pulses)

Receliver Senslitivity:

‘Antenna Gain:
“ulse Compression:

Signal Processing:

Lower Noise Figure

Low Temperature

1000 to 1

From 10% to 10° (Phased Array)

From 6 DB to
Theoretically Perfect

100,000 iMiles on a 0.1 Sq. Meter Target

1,000,000 Miles on a 100 Sq. ileter Target witn a

Maser-ileceiver

20 DB

1 DB
10 DB

20 DB
O DB

6 DB
57 DB

Thus, we have a review of our present radar systemsand what

may be possible in interplanctary and interstellar communication in

the future.
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MOLECULAR RESPONSE CHARACTERISTICS
TO ULTRA-HIGH FREQUENCY FIELDS

by

Herman P, Schwan, Ph. D.
Electromedical Laboratory, University of Pennsylvania

COLONEL KNAUE:

The next speaker I am sure needs no introduction to many of
you. One cannot go far in a study of the field of microwave effects
without. being impressed with the many valuable contributions to our
understanding of this area made by our gu.od friend Dr. Herman Schwan
of the University of Pennsylvania,

Dr. Schwan has assisted us in our work in two ways. He is the
principal investigator on one of our research contracts and has been
a valuable ccunaellor and proctor fur me.

He is here today to talk on a subject of vital importance in
the field of microwave effects. Tomorrow he will talk on the prog-
ress of the work under his contract., It is always a pleasure to
hear Dr. Schwan,

DR. SCHWA!" ¢

At present, research on the effects of electromagnetic radi-
ation is of a thermal nature, MNothing has been reported which proves
clearly or indicates strougly the presence of nonthermal effects.
This, however, does not rule out their existence, It might be that
the present techniques are inadequate to recognize them,

Two facts appear obvicus. First, it would be difficult to
trace nontherma’ effects in animal experiments where one studies
the results from exposure since no thermostat could be constructed
to keep the temperature throughout the body at a normal level and
thereby exclude thermal effects. Alsn, the variability of animal

responses is sufficiently high to make it difficult to establish
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very exact relationships between doseland effects, Such relation=-
ships are, however, a prerequisite for esgéﬁiishing the existence of
any nonthermal componerts.

Second, if nunthermal effects exist, they will probably

explained on a mieroscopie, anhmiernecanic or molecular level  Thie

follows from the uniform, unspecific manner in which electromagnetic
waves have been found to propagate through all types of tissue, From
our analysis presented later and in the summary, it is apparent that

in the radar frequency range tissues are really protein solutions;
i.e., electrolyte solutions in which are suspended individual protein
molecules and protein lipid complexes such as are found in cell
membranes and the cytoplasm of tissues, nerves, etc. Any other effects
than thermal responses resulting from the dielectric and ionic prop-
erties of electrolytes must, therefore, originate with dielectri-

cally distinguished protein and protein 1lipid complexes.

What molecular and subcellular mechanism could in principle
establish nonthermal effects? There are two distinct possibilities
which merit consideration. However, before we are able to assess
the likelihood of either or both of them taking place, the dielectric
properties of tissues should be summarized on a microscopic level.
The following figui.. serve this purpose.

Suppose & voltage pulse is applied to & tissue complex or a
suspension of cells, bacteria or eryghrocytes. This situation is
shown in graph A of Figure 1., Upon application of constant potential
to the suspensicn, the total charge jumps immediately and is then (

observed to continue to rise slowly until it achieves a constant
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value, This is depicted in graph B and is characteristic of all &Y
types of tissues and suspensions of biological particles and, as &.

natter of fact, most other substances.

Whenever such time behavior of charge accumulation as shown f#"
Figure 1 exists, then variation of the frequenty must cause the z%gﬁ
dielectric constant and conduetance to¢ changs in an S-type patterf.

(Figure 2), This fdlows from & simple mathematical argument, Asiy:
the frequency increases, the dielectric constant falls off and thg
conductance increases from ons constant level tc another. This e%t
is known as a dispersion phenomena. Any material with the above %
mentioned time characteristics demonstrates the property of dupo%n.
Figure 3 attempts to analyse the mechansim responsible for t.b
dispersion behavior of tissues. In bdbiological cells it must be m
into consideration that the cell membrane exhibits a rather pro-
nouvnced capacitance, but very low resistance. Hence, when the tisw
sue is exposed to an electrical current, the total current splits
up into two principal parts. Part of the current bypasses the celli_
and passcs through the electrolytes surrounding the cells (specifisc
resistance rho-sub-a), and the other part will pass through the call)
membrane and into the interior (indicated by the specific resistanes
rho-sub-i in the ¢ircuit). When the total effective capacity and
conductance of such a eircuit is calculated, the frequency dependent
dispersion behavior results. This merely reflescts the facu that the
capacitive cell membrane imposes on the current a frequency depende
ent reactance, and therefore the ratio of the two currents, passing
and bypassing the cells, must also vary with frequency. It is

--
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Fig. 1. Transient behavior of displacement (charge per unit
area) if a step function goeonuul is applied to
biological material and viswues.

' .
| I L
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Fig. 2. PFrequency dependence of dielectric conlunte and
conductivity X corresponding to the time domain
behavior shown in Figure 1.




apparent that at sufficiently high frequencies the membranes
"disappear," since their reactance vanishes and that at very high
frequencies tissues appear as if they had no cell membranes; i.e.,
as slectrolytes containing proteins.

Tne above ouilined thsery hae been devalapad in great detail.
Figure , pertains to a suspsnsion of erythrecytes and illustrates
the success of the theory by the excellent agreement of theory
(solid curves) and experimental points,

The curve in Figure 5 indicates the Sehavior of B, coli. Bace
teria have a quite similar frequency behavior. The two chosen
examples illustrate that above 10 mc the dispersion comes to an end;
i.e., that they represent in the radar range the case of "disappear-
ing"” membranes dSutlianed above.

In Fi :cs 6 muscular tissue was chosen to represent all tissues.
Included here is the dielectric constant of muscle over a very broad
fraquency range. When measuring from 10 to 10,000 megacycles, three,
rather than one S-type curve (alpha, beta and gamma) result. The
beta curve and its mechanism was discussed in previous figures in
more detail, and the alpha curve is of no concern since its frequency
range centers around 1C0 cycles., Cn the other hand, the gamma curve
warrents attention because of its location in the radar frequency
range. Its major fall-off is explained by the w~ . :.ontent of
tissues since water and electrolytes are known to d1isplay a dis-
persion centered around 20,000 mc, However, the continued and slow
change between beta and gamma dispersion is not explained by water

proper and discussed in more detail now,
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presonce of cell membranes of high capacitance can

rise to the observed dispersion effects,
note limiting capacitance and conductance at low fre=

Formulas

?uonciu as function of the structural parasetera

P
volume concentratiun of cells), R radius of cells, and
Cm 8nd Gy (capacitance and conductange per unit a
membrane surisce), The Spaciiic resistances

rtain to internal and external cellular
Somew|

'ormulas apply for spherical cells.

" and

rea
(4
The

t more ¢ome
plex formulas have been given for ellipsoids.

R e B B

Fig. 4« Dislectric properties of a suspsnsion of spherical

(lysed) erythrocytes are comparoed with the theoretical

rarves, Frde such data it is possible to determine
etvintirs) namamatara rhavastariatic af tha ralle

utilising formules given in part in Figure 3.

38

it »
T

!.

i
‘54!

' X

.

2

»

\ H

("]

[
FAEOUENCY, MC. M A

o ' 2 ¢ 6 10 . ¢ 600




il
[ ]

s

i
i

{

it
iml

3
3
0

i

fo.tdi:d
of 4e-f--
3

4 a-
+ §s

taas

$3.

e s b3

.
mnrtt

L

3.l

4T

e

HitieT

£
K )

Fig. 5.

BRI B
1 ter e g e — .
'

SR 4 ue e s
Dielectric properties of a suspension of B. Coli are
chosen to demonstrate the varisty of cells, tissues ard

vacteria which display disparaion pheromens in the rf-
range.

R

—
7R

MUSCLE

>

S —

t ] L] $ ¢ 7 L L

Fig. 6,

LOG f (Crs)

Dielectric constant of muscular tissue as function of
frequency. The complete frequency plot from 10 cps to
30, 2¢ shows ths existence of three dispersions

(& ,8 ,%). The § ~dispersion is "structural® in orie
gin uﬁ of the origin explained before, the d -dispere
sion, too low frequency to be ot interest for the radar
range of frequencies. The y-dispersion, in the radar
range, i in part dud to thé polar characteristicrs nf
water and dn marg rollolus uiue eX18TENce and propere
ties of biological macromolecules.




The model in Figure 7 depicts a suspension of practically loss
free particles in a ccnducting solution. These loss free particles
might be solid constituents (e.g., Hb molecules inside erythrocytes
or proteins and nuclear proteins in cells) surrounded by electro-
lytes. Then by simple theory both the resistivity and the dielectric
constant of such a solution can be explained to & first order approxi-
mation in terms of a certain parameter (m) which is between 1,5 and 2,
depending upon the shape of the particle and the concentraticva (p)
of such particles, Thus, a major discrepancy between the dielectric
properties of tissue electrolytes and tiesue itself, as obssrved in
the radar range, is explained by this "dielectric hole™ approach.
However, the finer details of oxperimnntally observed data shall
require further comment.

Consider the actual dielectric properties for a 10 per cent
hemaglobin sclution as plotted in & frequency range of 1 megacycle
to about 1,000 megacycles (Figure 8). Observe a strong fall-off in
the 1 to 10 megacyels range, This is esaentially the end of an S~
curve centered near one megacycle range and due to polarity of Hb.
The curve should become constant as indicated by the dashed line,
but a rho phenomenon occurs, prohibiting the saturation to a
constant level. The solid line indicates & further constant rate
of fall of the dielectric constant as the frequency increases further.
Very exacting measurements are difficult to obtain, but there is no
doubt about the constant fall-off indicated by the points of meas..3e

ment closely surrounding the solid line.
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The so-called dielectric incremernt calculated from tﬁe data in
Figure 8, which is the change in the dielectric constant resulting
from the introduction of 1 gram of protein material in 100 cc solu-
tion, is plotted in Figure 9., According to our simple "dielectric
hole" theory, it should remain constant and be about 1.2, but with
increasing frequency it reaches this value rather slowly, with
pronounced deviations at frequencies below 300 mc.

In Figure 10 the conductance of a protein solution (Hb) is
plotted as a function of frequency between 100 and 1,000 megacycles.
Protein particle conductance levels are very small in comparison to
those of biological electrolytes. But the protein material in itself
shows a definite frequency dependence. This has nothing to do with
the elactrolytes around the Hb-molecules since in this case a cor-
rection has been made for the electrolyte frequency dependence. Let
us now interpret the findings presented in Figures 9 and 10.

Protein molecules are known to be.surrounded by a particular
type of water, 'bound water,' which is differentiated from 'free
water,' i.e,, they are hydrated. We interpret the dielectric data
for proteins in terms of effective dielectric constants of the
hydrated protein molecule. It becomes apparent in the necesary
calculations that an assumption is then necassary regarding the
amount of bouni water per molecule. The graph (Figure 11) shows
two curves depicting the effective dielectric constants of the
hydrated Hb-molecule when two values of bound water are assumed.

If the hydrated protein molecule were completely inert, then its

dielectric constant would be low, probably between 2 and at the
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most 5. These values obviously are approached at frequencies in

the neighborhood of and above'1,000 megacycles. At lower frequencies,
however, the values are higher than 20. This must mean that elec-
trical polarization within the hydrated protein is quite substantial,
There are two possibie expianations 1or this, and onc i illuetrated
in Figure 12,

It is possible that the dielectric properties of the 'bound?!
water surrounding protein molecules are a function of frequency
(Figure 12). 'Free water! has been quite thoroughly investigated
and found to undergo dispersion at 20 kilomegacycles, Ice is known
to conform to a similar dispersion curve at rather low frequencies
(audio frequency ranze). Putting the blame for the dielectric
properties of proteins or the bound water, it is possible to concluds
that the bound water has its dispersion curve near 300 mcj i.e.,
between ice and free water. This is a possible hypothesis to explain
above discussed results.

A vetter war to explain thesc same results is on the vasis of
rolar properties of the Hb-rolecuiu. The protein molecule is com-
nosed of a rumber of parts, each of whiclh can be assumed to be
electrically peolar in nature, If nolar side proups are assumed to
toave a snfficient derree of freedom to partially rotate in an elec-
trical field, then the freqrencr dependence becomes immediately
reasonable, Consider a tree, which i3 analagous to the total pro-
tein molecule., Its brarcnes are the side chain groups. The tree
remains stationary while the urarches ars moved by the wind, unless

the frequency of movement is such to move the tree as a whole.
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Increasing the wind velocity will cause greater movement of the
branches. Similarly, by increasing the field strengths, movement of
the side chain groups will increase in amplitude accordingly. When
the alternating field ctrength becomes very high, the side groups
are oriented completely. A% this point the phenomenon known as
dielectric satursticn takes place. Thics term means that the dielectric
constant as measured at a low field strength is constant at first,
but starts to fall off as higher field strength values are approached.
This phenomenon normally occurs in small molecules at tremendous
field strengths at first. For example, the dielectric constant of
the water molecule falls off by one per cent at a field strength of
about 200 kilovolts per centimeter. The theory of dielectric satur-
ation is not very complets, but it is normally conceded that the
saturation is proportionate to the fourth power of the dipole moment.
The dipole moment which is ascribed to the charged side groups may
be at least one hundred times greater than the dipole moment of the
water molecule. In effect, this means that complete orientation can
take place at field strength values corresponding to average power
levels or, more likely, higher powsr levels during the pulse of present
radar equipment. At the moment when complete orientation takes place,
the chance of bond breaxagze becomes likely, AgAin, an analogy would
be turning the branch on the tree in the direction of the wind ard
then pulling until it comes off. Dielectric saturation is a pre-
requisite for denaturation, and this is the first mechanism I am
bringing to your attention as a possible nonthermal one. As obvious

from above and in summary: denaturation from high field strengths
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is most likely to oceur at frequencies in the 100 to 300 megacycle

ranpe arnd rradually decreases as the frequency increases above

1,000 megzacycles.,

Another possibility for nonthermal effects is based on a

fied by the alignment of erythrocytes in a
subjected to a high frequency field.

to align themselves in this manner.

* ™4
.

o dem
‘oW AW

chain configuration when

Fat particles are also known

If such a phenomenon could

occur at the molecular level, it would appear to have profound

biological significance because the natural distribution of certain

components would be disturbed,

The formula in Figure 13 represents the ratio of potential

energ,; accompanying alignment to thermal energy; or more graphically,

Figure 13
Es;‘ . 14ﬁ£§2§2 Where: £ is
a is
L is
k is
T is
E(P) is
ASSUNMPTICNS:
a) Particle ~ {~1 E(T) is
Solve . = ¢{~80

b) Room temperature, 1~300
E(P) = E(T) if for

the dielectric constant
the radius of the particle
under consideration

vie field strenzth

the Boltzmann constant

the absolute temperature
in Kelvin

the potentisl energy associ-
ated with the alignment of
two particles

the thermal energy

1) Blood (a~3u) E = 2V/cm ! = 30m¥/cm?

2) Subcell. comp. (a~lu) & = 10V/em W = &CCmii/cm®
(mitoch., nucl., etc)

3) Protein ({a~0,Clu) E = 10*V/er W = 8COKW/cnm?
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it represents the likelikood of two particles aligning themselves
in the direction of the field and becoming part of the chain. When
the value of %%;* is equal to or greater than one, chain formation
is more likely to take place. If it is smaller than one, if the
thermal energy is too great, alignment of the particles will be
hindered.

Upon applying data to the equation in Figure 13, chain forma-
tion of red blood corpuscles and particles of a similar size is
seen to appear probable. Perhaps even subcellular components would
behave in this manner, but it is improbable that this phenomenom

would occur in proteins or other particles of a corresponcing size.

Summary

It is possible to conclude from available information that
(a) effects of orientation may definitely exist at levels of orsani-
zation down to about one micron, and (b) that breakage of molecular
bonds may occur under pulsed conditions involving high field values

and at the lower end of the radar frequency range.
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NEW CONCEPTS IN PERSONNEL PROTECTION
by
George M Knauf, Colonel, USAF (MC)
Rome Air Develcpment Center

I asked for this short space in the program in order to in-
troduce what I believe 1s a new concert in CUr appivacih w the
radar hazards problem,

I wanted to have these few comments set apart from any otner
plece of the program so thet I might have some chance of disoussing
this area without having what I say used in relation to some exist-
ing equipment.

I have explalned that in my posltion I am forced to think in
terms of the equipment in use today and also to trace the steps
necessary in relation to equipment to come. I speak now exclusively
of equipment to come, -

It would appear that we have not far ahead of us equipment
that will introduce a new set of problems. The specific charac-
teristics of this gear are classified and cannot be discussed here,
However, the factors with which we are concerned are not of & classi-
fied nature. We will soon be operating radar sets, the configuration
of which will be such as to require personnel to work for varying
periods of time in an environment which wlll reach our maximum
safe exposure level. On certain occasions in connection with vari-
¢ud work tasis pessunnel may be required to enter areas where the
ambient power level wlll exceed our safe exposure level. The mag-

nitude of these equipment arrays 1s such as to lnvolve exposures

49



of considerable time duravion by personnel moving between their

living quarters and their work atations. These considerations make
the provision of protective clothing seem inevitable. Such cloth-

ing nust be so designed as to permit the wearer to do his required

vork while wearing 1t.

In an attempt to exploit the possibility of devising protective
clothing for personnel working in high R-F fields, a preliminary
investigation has heen conducted at RADC. The bhasic intent of the
investigation was to determine the availability of materials which
display the proper electrical and structural characteristics. To
this end, several fabric manufacturers werc solicited in an attempt
to secure samples which could be submitted to electrical tests. The
fabrics that have been -~eceived to date have been tested over the
frequency range of 200 to 600 megacycles to determine the approxi-
mate transmissibility through the fabric. One enterprising manu-
facturer had the foresight to submit hls sample in the form of a
fabricated suilt. Thls is the proprietary item that we have dis-
played here. (Figure 1).

The electrical tests performed on these materials were per-
foraed by measuring the free intensity with a calibrated dipole and
then recocding the recaaing when the fabric was inserted between the
source and the dipole. The difference in readings under these con-
ditions was 2onside,ed the transmission loss, In testing the gar-
ment essentlally the same technigque was used with a few minor addi-
tions. The dipole was 1nserted through one of the leg operings and
positioned at approximately chest level, All of the openings, arms,
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legs, and neck were then sealed with absorbent material, The
measurements obtained at the dipole with the suilt in various rota-
tional positions were then compared against the dipole measurement

in the free field. Needless to say wide differences were encountered
'bet&een different materials. Some materials displayed a transmission
loss in the order of 100 to 1 across the frequency band tested while
others were of the order of 1 or 2 DB transmission loss. Tests on
the suit in its present form indicate that the transmission loss is
greater than 10 DB or 10 to 1 power loss. Although little effort
wae expended in devising a rigorous measurement technique, it shoulad
be noted that the above tests were predicated on good engineering
principles. Well matched components were employed in a microwave
free space room. The measurements -perforued could be 1ln error by
at least 3 DB, However, the above data 1s corrected for the most
pessimistic error.

Based on this very limited investigation 1t appears that re-
flective fabrics presently avallable possess L0 some degree the
electrical and structural characterlstics necessary for the fabri-
cation of a microwave radlation suit, 1t has also been demonstrated
that the fabric could be assembled into an item of clothing that is
ceasonably light weight and durable in structure. It is fully re-
allzed that the program discussed here 1s extremely limited and
subject to considerable argument. However, it is felt that the
above study establlishes in part the feééibility of developing a

microwave radiation suit which will allow personnel to work in

microwave fields in excess of the present ,01 watts/cm2 threshold,




In an attempt to add continuity to the aﬁove investigation,
RADC personnel have thrown together a head shield which possesses
essentially the same vlectrical characteristics as stated above
and demonstrates the feasibility of R-F shielding without appre-
ciable optical obstruction.

The other new approach involving safety in traveling to and
from work areas would appear to be best approached by providing
shielded passageways through all of the potentially hazardous areas
At the moment 1t would seem that these passageways would be of con-
siderable size and length. I feel it is essential that you know
that we approach a point where we will not be able to solve our
problem by posting the area with hazard signs. \

Again let me rem’d you that this all refers to equipment to

conme,
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THE PATHOLOGY OF HYPERPYREXTA

by

Frank W, Hartman, M.D. ) -
Office of the Surgeon General, USAF

.

COLONEL KNAUF:

Throughout all of our discussions of the effects of
microwaves on body tissues, we face the problem of accurately
assaying the part a thermal change might play In accounting
for such changes as might be observed,

It seems appropriate that we pause and review the general
effects of hyperpyrexia on selected living tissues. I believe
this procedure might serve to assist us in determining Just
what paths our research effort should follow and to assist us
in evaluating the findings that may result from this effort.

To this end we have been indeed fortunate in persuading
Dr. Frank Hartman, the Medical Research Advisor to the Surgeon
General of the Air Force to talk to us on this subject.

Dr, Hartman is a nationally recognized pathologist, an
outstanding authority on this subjJect and a man who has from its
beginning displayed a keen interest in and understanding of
the many knotty problems involved here.

I am sure we will all profit from the guidance he will
give ug today.

DR, HARTMAN:

In the rirst conference on the Blological Effects of
Microwave Energy, Colonel Knauf spoke on the rapid development
in the field of electronics as it involves communications,
navigation and detectlon, Further, it was poiated out that
radar sets in the foreseeable future may produce peak power
outputs as high as 100 megawatts, producing new frontiers of

biologlcal effects demanding intensive research.
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The acute biologlcal effect of microwaves has been established
by experiments on various species of animals by Boysenl, Brodya,
Clark3, Cooku, Dally and associates5, Davis and Mayers, Ely7,
EngleS, Follis9, Herrick, Hines, Krusen and OsbornelO, Richardsonll,
Schwanl2, wakiml3, wi111ameld  navnenterl5. and others. It is
generally agieed that these acute effects are due largely to
local or general hyperthermia in the body tissues., Relatively
short exposures to peak power output of the recently developed
installations will be capable of producing hyperpyrexia up to or
beyond the limiivs of tolerance,

Much additional research must be acco.uplished employing the
avallable higher power output, These are now under investigation
with the niore recently nezotiated contracts, but some measure of
man's tolerance to hyperpyrexia may be obtained from the existiug
1iterature which antedates the wort on radar proper by 10 to 15
years,

The physicloglcal and pathological reactions to hyperpyrexia
alone induced by uwhatever mechanisms, such as hot baths, hrated
cabinets, dlathermy, lheat strolte, thermal burns and microwaves,
are essentlally comparable and have becn well studied and recorded
by lieymanalO ana usborne, 1934, Biermanl?, 1034, Hench, Slocumb and
Poppl8, 1935, HartmnanlS, 1935 and 193720, Haymalier2l, 1945, and
Gore22, 1949,

Injury from exposure to heat is by no means a recent discovery.

William H. Welch@3 gave lectures "On the General Pathology of
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Fever" in 1888, warning against transferring the results of
experiments in heat dyspnea, observed in animais, directly - vo— -~
‘man because in animals respiration has a far more important
influence on temperature regulation than in man --- a dog pants,
a human sweats, _.

Osler34 giées to heat stroke the distinction of being the
oldest known disease, although its nature was long obscured by
superstition,

The earlier experimental work on and the pat?ology of, heat
strolke is typified by the report of Hall and Wakefield®> (1927).
Dogs were placed within a heated humidified chamber with dry
bulb temperatures ranging from 131°F. to 141°F. and wet bulb from
950F, to 115°F, for 20 to 75 minutes. Rectal temperatures ol
these animals reached 106°F. to 113,49F, Gross pathology pro-
duced included congestlon of organs and tissues, except the ’
intestine which was rigldly contracted, microscopically--cellular
degeneration of varying degrees was found consistently but was
most prominent in the liver, kidneys, intestines, brain, lungs
and thyroid.

Baldwin and Nelsan26

, 1928, described the pathology produced

by high frequency curr-mts In rats exposed 4 to 30 minutes and

resulting in vectal temperatures as high as 113°F, Their find-

ings were: early arllnlar coagulation and degeneration in the

heart, liver and kidneys, with congestion ard blood extravasation.
Necrosls and exfoliation of the cells of the intestinal mucosa

was noted, but this healed rapidly. .

In 1931, Jacobsen and Hoso127 produced elevated temperatures
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of 107° F. to 112.4°F. in dogs with "radiothermy" over periods of

37 minutes to 30 hours. lost of the animals succumbed to this

treatment, but five were sacrificed from one hour to eight days

following the exposure. The pathology recorded consisted of con=-
gestion, dehydration, petechial hemorrhages, especially in the

% gastro-intestinal tract, and cellular degeneration,fincluding

that of the seminiferous tubules.

Our own experience reported in 193519 consisted of observa-
tions made on dogs and patients given hyperthermia with the standard
fettering Hypertherm for the latter and modified for the dog ex=~
perinents., The cabinet was conditioned with circulating hot air
and steam giving temperatures from 150° F., to 175°F., and humidities
of 30 to 40 per cent.

The animals were sedated with morphine and/or sodium amytal
and bandaged with multiple layers of cotton blanket strips to pre-
vent disconfort and injury to the skin. Fluids by mouth were given.

Thirteen dogs received a single exposure while five were
civen two exposures with intervals of 24, 48 or 72 hours between,
Time of exposure ranged from £ to 7 hours. The maximum tenpera-
tures attained varied from 105,2° to 110.4° F.

The gross , _thology consisted of marked congestion and en-
gorgement of tissues and organs with hemorrhage beneath the rectus
sheath in one instance, The lwngs showed discrece and confluent
areas of hemurrhagic consolidation. Tne brain showed marked oedema,
engorgement of blood vessels and perivascular hemorrhages throughout
the basal nuclei. liicroscopic lesions were general oedeiwa and
engorzenent of blood vessels, lung consolidation due to filling the

alveoli by R.B.C. and leucocytes, mid=zonal necrosis of the liver
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associated with heworrhage in some instances, swelling and des-
quaitation of the lining of the amall intestinc, vacuolar degen-
eration of the adrenal cortex, vacuolar and granular degenesation of
the tubular epithelium of she kidnev, and engorgewent wiin vlood

in the capsular spaces.

TIOPANY AAATA
VUMY VAW A

Case No. 1: wWhite female, age 20, with clinical diagnosis of
acute salpingo-oophoritis complicating 3 months pregnancy. Given
three treatuents of fiva hours each in the Kettering Hyperthcrm
with ceven day intervals between. Sodium amytal was used as a seda~
tive and maximum temperatures ranging from 103¢ to 106°F., were
reached. The treatments appeared to be well tolerated and the
nass in the adrenexa cleared, but 48 hours afver the completion
of the last hyperthermia the patient became irritable and had a
minor convulsion described as a twitching spell. A similar
generalized tremor was noted on the seventh day, and a frank convul-
sion lasting nine hours with coma and death on the tenth day. The
only marked gross pathology consisted of petechial hemorrhages in
the basal nuclei of the brain. Ilicroscopically there were small
ares of hemorrhagic pneumonia, granular and vascular degeneration
of the adrenal cortices, parenchymatous degeneration in liver and
xidneys, devastation necrosis and cuff henorrhages throughout the
pasal nuclei of the brain.

Case No. 2: Male, age 40, with history of central nervous
system syphilis fer six months and treated showed improvement.

Was given a series of treatnents comparable to that outlined in

the first patient. After the last treatment, he becawe comatose




and died 20 hours later.

The positive gross necropsy findings were luetic aortitis,
hemorrhagic pneumonia, bilateral, parenchymatous degeneraticn of
liver and kidneys with engorgement and congestion, and hemorrhages
throughout the basal nuclei of the brain. liicroscopically the
uemursiagic pneumonia and the nedema and petechial hemorrhages in
the brain were most striking.

Case No. 3: White male, age 31. Diagnosis: bilateral
iridocyclitis of two years duration. Was treated with a series
of six hypertherm exposures under sodium amytal in five~-the last
under paraldehyde. Intervals of four to seven days were maintained
between treatments and the eyesight improved. After six months a
second series of treatments were given, but twenty hours after
treatment his iimbs became flaccid, the right side of the face
weak, and he died in coma.

Postmortem gross findings were: congestion and cedema lower
lobe of lungs, petechial hemorrhages throughout epicardium; con-
gestion of liver, spleen and kidneys; cersbral vesssls intact,
marked oedema of brain, right cerebellar lobe hemorrhagic and nec-
rotic. Microscopically, aside from oedema and congestion, the
principal lesion: “~re in the cerebellum with the left lobe showing
oedema and areas of hemorrhage, the cerebellum showed disintegration
of the Purkinje cells, and the right lobe showing extensive necrosis
and hemorrhage. The cerebrum showed the pyramidal cells poorly
staining and surrounced by large clear spaces as were the smaller
blood vessels. N

The clue to the pathogenesis of the lesions produced in the
aniuals ond bhe thies hiliail Cases described Dy exposure to careiully
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controlled hyperthermia appeared in the parallelism between these
and the lesions of hypoxia. Thé relatively heavy sedation required
(morphine, sodium amytal and paraldehyde) plus the extended and the
repeated period of hyperpyrexia with each degree of temperature
increasing the metabolic rate 5 to 14, or an increase of 37 to 100
nlogieal fantors in anoxia.
Actual examinations of the arterial blood in a typlcal experiment
after 5 hours and 15 minutes at temperatures averaging 106°F,
showed the oxygen content 15.59 volumes per cent, oxygen capacity
26.65 volumes per cent, and oxygen saturation 59 per cent. The
venous blood showed the oxygen content 1l volumes per cent and

the oxygen saturation 41 per cent.

In a series of 14 dogs, the oxygen saturation of the arterial
blood was reduced an average of 16 per cent during 2xposure to
hyperthermia, with a maximum reduction of 26 per cent. In addition
there 1s the factor of histotoxic anoxia from the sedation which
prevents the cellular utilization of the avallable oxygen.

Another bilt of indirect evidence supporting anoxemia as
the principal etiological factor 1ﬂ the pathology of hyperpyrexia
is the fa~. tha. the continuous administration of «kygen to the
experimental animals - 1 to man maintained the oxygen saturation
at normal levels and prevented the lethel effects.

The report of Gore and Isaacson@2, 1949, giving the pathiology
observed in 17 autopsied cases of hyperpyrexla resulting from fever
therapy, la with the Kettering Hypertherm, emphasizes lesions in the
liver-centrolobular necrosis, in the C,N,S.-focal neuronal degener-
ation, especially the Purkinje cells, and congestion with petechiae

i

and ring heucrrhages., In the kidneys there was tubnlar degoneration
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“with pigment casts; in the heart there were focal degenerative£
changes and fragmentation of the myocardium; in the lungs hemorr-
hagic pneumoniaj; in the adrenals disintegration of the cells in
the fasciculate zoncj in the testes spermatogeneses markedly de-
creased with multinucleated c21lls forming in the walls of the
tubules; and in the gastro-~intestinal tract oedema and congestion,

Dr. Gore subscribes to our conclusions vhav anoxia cousiis=
tutes the prime injurious factor in hyperpyrexia, and that the
identinl lesions seen in anoxic and hyperpyrexia are produced by the
same mechanism.

The more recent observations on hyperpyrexia are those of
Malamud, Haymaker and Cuaterzl, 1946, recorded in a paper entitles
"Heat Stroke-=A Clinico-Pathological Study of 125 Fatal Cases",
and summarized as followsa: A defect in blood c¢oagulation due
principally to thrombocytopenia since counts on admission ranged
from 22,300 to 120,000 and from 40,000 at the sixth hour to 20,000
on the third day. .

The most conspicuous pathological lesions were found in the
C.N.S., progressive degeneration of neurons, congestion, oedema
and petechial hemorrhages, changes in the viscera were hemorrhagic
and parenchymal; degeneration of megakaryocytes, necrosis of heart
muscle, lobular pneumonia, lower nephron nephrosis, centrolobular
necrosis of the liver and degeneration of the adrenal cortex, The
thermostatic function of the hypothalmus is impaired by the in=-
creased body temperature resalting in the autonomic nervous system's
no longer capable of establishing sweating and adequate peripheral
circulation,

28

Daily, Zeller, Benedict, Wakim and Herrick™ , 1951, found
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that exposure of the ratbit eye to a microwave generator with oute
put of 94 watts for ten minutes at two inches produced reduction in
the activity in the pyrophosphatase of the lens comparable to the
visible damage. Neither pyrophosphatase ci peptidases were reduced
when no severe injury was visible, Almost complete loss of activity
of adenosine triphosphatase and pryoplusphatase in total cataracts.

Gors suggests that enzymes are characteristically sensitive
to alterations in temperature and that with prolonged fever they
ray be affected to change their functional activity. If cellular
rnatabolism stops, ncecrosis may result, or if metabolism is decreased,
dysfunction occurs as nay be manifest by reduction of prothrombin
and fibrinogen in the liver,

DISCUSSION AND COIICLUSIONS

A review of the pathology of hyperpyrexia from exposures to
nheat producing mechanisms and onvironments, including microwa:e
radiation, is presented not with the assumption that the entire
biological effect of microwave radiation is due to heat, but with
the coaviction that most, if not all, of the acute deleterious and
disastrouz effects 1nay be properly ascribed to heat in view of
existing data. )

The careful analvtical report of Haymaker and his associates
on 125 cases of “Heat Stroke" collected during World VWar II details
all the lesions resulting from this type of exposure. Although the
findings are comparable in most respects, the lesions resulting
from heat exposure such as in fever therapy where the variables of
temperature, aunidity and time are controlled and the condition of
the patient prior to exposure are recorded offers the best controls

for the study of lesions produced experimentally or accidentally by
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microwaves,

Ely7 has stated the problem briefly as follows: "The lens
-.-w OWe their spccial sensitivity to (microwave radiation)
their physical location relative to the body surface, their poor .
ability to dissipate heat, and in the case of the testes, high
sensltiﬁity to temperature increase. -The body as a whole can tolw
erate only moderate tewpcerature increase, and has a limited ability
to lose heat,"

The liidted ability to lose heat is coupounded Ly the fact
that for every dejres of temperature above noraal theore is a 5 to
14 per cent increase in the basal iwctabolic rate requiring from
5C to 100 per cent increase in the supnly of oxygen to the tissues.
The situation .s further conplicated by reduced oxygen combining
capacity of-the hemoglobin, increased rate of blood flow, reducing
time available for oxygen transfer, and fever hyperprnea resulcing
in an alkalosis increasing the stabiliiy of the hemoglobin wivh
interf:rence of oxygen release to the tissues., The combination
of these ~..to»a results in the severe anoxia denonstrated in our
series of fever therapy experiments.

The hazard of acvte localized hypertherria produced by nicro-
waves 1s well establishel for the eye and the testas. This hazard
is much less in other orsans and tissues of the whole body because
of more ample heat dissipating factors, but with increaczing power
outputs even these safety Jactors night be inadequate and any or
all of the lesions described in connection with hyperpyrexia could
result. 3uch a possibility iay become a reality if an individual
in the performapge of his duty shculd core near Qhe linit of his
heat tolerance, and then have exposure to microwave heat with that

s
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tolerance beino rapidly destroyed. Again, a longer exposure to
nicrowave heat alone could produce an irreversible hyperpyrexia,

either lccal or zcneral, that could produce the lesions described.
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RADIO FREQUENCY HAZARDS ABOARD NAVAL SHIPS

by
John Roman, Burzau of Ships, USN

COLONEL KNAUIF:

In general, our concern has been with radar of high power
located in such a situation as to permit us to dictate separation
criteria for adjacent sets and to prescribe the clrcumstances
under which men would approach this equipment. 1In all cases the
problem 18 not quite as simple as this.

I have in mind the extremely complex situations our friends in
the Navy face in coping with safe exposure limits in the case of
radar on board ship. 1 feel that a discussion of this problem 1s
essential if we are %o get a complete picture of the over-all radar
hazards problem, We are extremely fortunate to have with us today
Mr. John Roman of the Bureau of Ships, U, S. Navy, to discuss the
problem with us,

MR, ROMAN:

The limited space and the large number of powerful radio and
radar transmitters aboard ship give rise to a number of possible
radlo-frequency hazards. The purpose of thls paper is to genera.ly
describe these hazards and to highlight some of the tests and
investigations that have been carried out to eliminate or reduce
then,

Radio-frequency hazards can be classified into three general
categories:

l, Humans
2. Volatile Liquids
3. Electro-Exgosive Devices.

A brief description of the type and mechanism of the hazard
for each of the categories 1s as follows,

A hazard to humans can exist whenever metallic objects are

handled in the vicinity of high-powered communications transmitters.
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An example of this is a plane crew handling aircraft on the denk of~
a carrier in the viéiuiby of transmitter whips: Another case occufé
with persunnel handling loading hooks and cables on cargo ships.

The hazard encountered here is burns of the skin occurring when
contact is made with the conductor which has induced r-f currents 19
it, Measurements made from the plane to ground on - AD6 aircraft
aboard an aircraft carrier showed currents in excess of 1 ampere

and voltages up to 300 volts when this aircraft was parked next

to a transmitter whip radiating an esbimatcd 1400 watts, In con=-
trast, the perception threshecld for an average man has been sstadbe
lished at 12 milliamperes at 1Okec.

Another type of r-f hasard to humans exists due to microwave
radiation from high=powered radars. Research has demonstrated that
an exposure of trop four to five minutes to a microwave radiation
intensity of 0.6 watts/cm? can cause damage to human tissucs ==
particularly the eyes. Another body structure which is susceptible
to damage is the testis. It is believed that the 3000 mo. fre-
éuoncy region is the most dangerous because radiant energy of this
wavelength can penetrate tissues sufficiently to avoid concentrating
heat production in the region of skin receptors, and may produce
undesirable tempei..ure elevations below the surface. The Bureau
of adicine has tentatively established a working level of 0,01
watcs/cm2 as the tolerable dosage for constant exposure to micro-
wave radiation.

The volatile liquid hazards exists, to the largest extent,
aboard aircraft carriers, Aiscraft handlers have noted sparks
occurring ;t various points on the aircraft structure when touched
by poriions of the body or by metallic objects held in the hand.
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These phenomena have caused a great déal of concérn as to the
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possibility of aviation gasoline fumes being ignited by these r-f
induced sparks, 1In order for rasoline to be ignited by a spark,

the following conditions must be met:

. [ ]
1. A flammable gasoline=air mixture nust exist.

2 The spark must contain a sufficient amount of ‘energy.

3. The gap across which the spark occurs must be a

certain minimum distance which is termed the
"rinimum quenching distance.®
Ordinarily, the lower limits of flammability of most gasolines is
near 1.25% by volume of gasoline vapor in air: the upper limit is
near 7.5%. lixture near either the upper or lower limits burn so )
slowly that it is possible to watch the flame travel away from the
source of ignition without any evidence of violence,

The extent of the presence of flammable gasoline-air mixtures
was investigated by the Naval Research Laboratory in 1948 aboard
the USS Coral Sea (CVB - 43). The findings of this survey showed
that flamm-ble mixtures are not detacted more than 5 inches horizon-
tally or 5 inches vertically from gasoline puddles on the deck
at ambient temperatures of 52-54 degre¢:, Fahrenheit, even in the
absence of ventilation ‘there there was a guiding surface below
the point of release; and no ventilation, flammable vapors.craveled
greater distances. For example, vapor greater than 125 of the
lower flummability linmit was pushed out of a filler hole during
hanger, deck fueling and ran down the fuselage and wing surfaces
with only enough dilution to bring it to just 125% at the l§w point
on the trailing edge., However, the vapor became diluted to less

t:°~n a flammable concentration within 6 inches of free fall, as
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was typical in all studies of the flow of vapor.

The conclusion of this study was that the handling of aviation
granlire under normal operating conditions, at cool weather temper-
atures does not produce a flammable atmosphera except close to planes
being fusled or close to spilled gasoline. This did nct take into
account the results of release of large quantities of gasoline through
various conceivzbls accidents or the effects of spilling gasoline on
much hotter decks. It was felt that hot weather conditions would
greatly extend the hazardous area, -

The amount of energy required in an r-f spark to ignite a
flammable gasoline-air mixture is unknown., Experiments to date have
only been conducted with d-c type sparks. It has been determined
that 3.05 x lo'“ watt-seconds of\energy is required in a spark
of 10'8 to 10'6 seconds duration across plain electrodes to ignite
a propane-air mixture., (Propane has ignition characteristics similar
to gasoline,)

The minimum quenching distance for the electrodes used with
rropane was l.75mm. The d-c veltage required to break down an air -
gap of this distance !s approximately 2500 volts. The.r-f voltage
required to break down a similar gap is unknown, but is believed
to be approximate’v the same as d=c.

Several accidents have occurred during the past few years
involving electrically initiated explosive devices which have been
attributed to currents induced by radio-frequency fields. These
devices may be termed electro-explosive devices because they are
designed to function by the passage of an electric current throuch
them. Among such devices are primers, detonators, squibs, gun primers,
cannon primers, slasting caps, igniters, initiators, rocket ig-

niters, etc.
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The response of an electro-explosive device to an electrical
firing signal depends on many factors. Among thes: ars the temper-
ature dependance of the explosive decomposition rate, induction time,
activation energy, heat of reaction of the explosive, type and
physical characteristics and configuration of the bridge firing
pulse power and energy characteristics. The vulnerability of elecro-
explosive devices to radar and r-f radiation fie;Qa also depends
on such factoras as high frequency reactance, thermal-cooling time
constant, pulse repetition rate, agh radiated peak and average
power.

A large number of tests of a "go", "no go" nature have been
performed on electro-explosive devices, but only in few instances
have they been set off by radio-frequency fields. In modt cases,
it.has been necessary to idealize conditions artificially in order
for an explosion to take pliace, Although many devices have bean
tested, the number has been relatively small compared to the
variety of such devices in existence. In reality, the tutal proulem
has only been superficially>examined.

Because of the cat-strophic nature of an accidental explosion
of some of these devices, a h-zardous condition is presumgd to
exist where they are exposed to high level r-f fields. These assump-
tions will hold until thorough investigations reveal otherwise.

Due to the possible h:zards described above, the Bureau of
Ships issued Instruction 957C1l in August, 1952 which restricted
the use of transmitters of rated power outputs gre=ter than 500
watts during refuelin; or arring operations aboard zircraft carriers.
This Instruction was b:sed orn limited data as of that date. Oper-

~tional experiznce showed that fleet communications were restricted
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as a result of this Instruction. In a naval message to BuShips
and BuOrd in 1957, CNO requested that the problem of induced
r-f energy be resolved as a matter of priority.

The Bureau of Ships, therefore, sponsored an R-F Hazards C.: ~
ference on 1 August 1957 to formulate an inter-bureau cooperative
effort to provide solutions for the various hazard problems. An
agreement was reached at this conference that the first action to
be taken would be an electro-magnetic fidd survey abogrd a large
carrier, Since the USS Franklin D. Roosevelt (cvn-uaj had sent
in many reports on potential r-f hazards existing during various
types of operations, thls ship was selected for the test.‘ The -
operating schedule of the CVA-42, however, prohibited its use, thers-
fore, the USS Porrestal (CVA-59) was selected and tests were planned
and conducted during the first two weeks of December, 1957, The
test specification used was the Jjoint effort of BuShips, Bulrd,
BuMed and ONR. The results from this test were incomplete due to
the complexity of the problems involved and the limited time avail-
able for testing. However, certain useful information was obtained
regarding the magnitudes of r-f fields at various locations on the
ship. For insvance, 1t was learned that the fields laid down on the
flight deck by the ship's own radar mounted on-the island structure
were on the order of 40 to 50 db below thetolerable level of
10 mw/cm2 established by BuMed for microwave radiation,

A second series of tests, conducted as a Fleet Assist Project,
was made aboard the USS Frankling D, Roosevelt during the period of
16 to 21 April 1950, A large portion of the testing was devoted
%o ordnance walch included mlssiles of variouvs types. Many of

these nmissiles were inatrumented with thermocouples and bridge

-
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elements replacing the sensitive elements normally installed in

the weapons. A result obtained fPom these tests was the firing of

a rocket Installed in a rocket pod when it was exsosed to the r-f
fldad in the viecinity of the TBA antenna. Other information obtained
from these tests will be available after all the data has been
analyzed.,

Mecasurements of voltage and currents from aircraft structure
to ground were made relative to the ordnance and gasoline hazard
tests, These tests were generally made wilth the alrcraft positioned
as closely as possible to the transmltting whip antenna, As pre-
viously stated voltages as high as 300 volts and currents over 1
ampere were measured. A small explosive vapor test device war also
used in conjJunction uith the voltage and current readings and could
be fired with voltage-current products as low as 50 volt-amperes.,
Visible sparks were observed dowun to 6 volt-amperes,

An Important aspect of these tests uvas the ineasurement of the
magnitude of the fields which illumlnated, the missile, weapon or
plane under test, Flelds zenerated by coamunlcations transmitters
operating below 25 inc. werc measured by a modifled AN/PRI-1 PField
Intensity Meter, The modification consisted primarily of a shielded
anclosure for the instrument to eliminate case penetration and
attenuators in the lcop and rod input civeuits to extenc the range
of voltages measurcd, Since measurements were iade in the induction
field, both "E" and "H" components were measured. An example of
the fields necasured is shown by the follosing rceadings, Jith the
T.A antenna in the "up" pusition, the field at a distance of

2L feet from the antcnna o3
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gt =z 20,2 volts

meter ~
"H" = 3.7 x 10-3 ampere turns

_ me ter

Power deusity measurements were made in the frequency réhge'of
200 to 10,000 mc. using a system illustrated by Figure 1. The
vechnique used here is to measure the average power delivered to o
thermistor element used az an arm of a power bridge circuit., The
energy is picked up by an antenna with a known capture area and
delivered to the thermistor via cables or attenuators with known
attenuation characteristics., Correcting the meter readingffér this
attenuation and dividing the results by the effective arqi of the
pickup antenna gives the power density value for the ridid. As
this is tg; average power density field, the peak val; may be
obtained ‘?y dividing by the duty cycle of the radar tﬁiozc ficid is
being me.eeured. A volta-pj'-meter value for the fii/l.d intensity
12y he obtained from either the average or peak powgr density field
bv the following expiession: !

R+ V3T (vover DemsiEy] |

It is assumed, of course, that measurements wijl be made at
least 2 wavelengths distance from the radiating antﬁnna which
will probably be the case for the frequency range unFer consider-
ation., The lower limits of average power density th?t can be
measured by such a system range from 6.7 x 10-6 mw/ex%a2 at 200 me
to 2.6 x 10~3 mw/cm® at 10,000 mc. The upper limits;depend on the
degree and power handling capabllities of the attenuitors available,
It 1s believed that the system will handle all the radars in

operation at present and those in the immediate foreseeable future.
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MICROWAVE RADIATION HAZARDS PROBLEMS
IN THE U, S. ARMY

hy

Lloyd C. Maclurray, Lt. Col., MSC
U. S. Army Environmental Health Laboratory

COLONEL KNAUF:

One of the most enthuslastic and tireless workers in this
chase for data on the microwave hazards problem has been Lieu-
tenant Colonel Lloyd MacMurray of the U. S. Army Environmental
Health Laboratory,

Colonel MacMurray is a human dynamo, He has applied himself
in a truly astounding manner to the problem of understanding the
thecretical aspects of the microwave problem.

At the same time he has rolled up his sleeves and gone into
the field to conduct his own surveys. He has mastered the tech-
niques involved in the instrumentation field.

I am not sure just what the subject of his talk today actually
concerns, but I am sure that if he has a problem that is causing
him trouble with his work in the Army, we should listen carefully
for it will not be an easy one to solve,

COLONEL MACMURRAY:

This presentation will oonsist of a discussion of the Army

problems and activitles related to the health hazards of microwave
radiation resulting from Army operations. The following items will
be covered: (1) tre problem, how and where it occurs; (2) the cri-
teria for determining potential health hazards; (3) the biological
study program; (4) the occupational health control program,
Potential health hazards from microwave radiation exist for
the Army in three frequently occurring situations. Thesge are:-
(1) the use of radar in air defense systems, missile control and

other fleld operations; (2) the training of personnel for assignment
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to these field operations; (3) research and development work on
fire control systems.

In the first situstion a relatively small number of radar sets
are grouped at a site. The equipment will include various combina-
tions of target acquisition, target tracking and missile tracking
sets, The selection of the site for the operatlon and the method
of organizing the ground will depend primarily on the mission of
the unlt and only secondarily on health protection. 1In general, a
potential as versus proven health hazards may exist for all per-
sonnel assigned to the unit including not only radar operators, but
the firing and lauwnching personnel and service and administrative
sections. Beyond the confining of the site, adJacent civil and
military populations may fall within the zone of measurably micro-
wave power {'lelds.

In the second situation there are a large number of stancard
sets located as closely together as possible at service schools
for tralning large numbers of technicians, The selection of pres-
ent sites for field training has usually been based on the conven-
lence of the school staff and the availability of suitable terrain.
Pctantial hazards may exist for the trainees on the radar equipment
school teaching staff _.rsonnel at adjacent tralning sites and ad-
mninistrative, clerical and service personnel,

In the third situation a limited number of experimental scts
minus the radiator arc located in relatively confined laboratory
spaces., A potential hazard may exist for the project scientists

and members of their group; »thers within the specific laboratory,
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frequency categories established, 1t is believed the present cri-
teria are adequate for the‘interim period,
BIOLOGICAL STUDY PROGRAM

The U. 8. Army has entered the field of research on the bio-
logleal effects of microwaves in the past few months with a study
program, Thils will be carried on in the Physi.al Medicine Branch
of the Army Medical Research Laboratory at Fort Knox, Kentucky.
The new Microwave Radiation Section is now being staffed, housed
and equipped. Its program is being planned around research into
the basic phenomena of blologlcal response to microwave radiation
as a long-term project.

The Army Medical Research Laboratory is not new to the field
of thermal heat. It has a continuing program in the study of the
physiological and psychological response to both heat and cold.
The facllities and sclentific personnel engaged in thia(iosely
allied field are avallable to support our new microwave progranm,

OCCUPATIONAL HEALTH CONTROL

The occupational health control program of the U, S, Army,
while 8till in 1ts infancy, 1s more advanced than the bilolcgiecal
research program,

During the year since the last Tri-Service Symposium, here
we have progressed in the following categories cf activity: (1)
instrumentation, (2) acquisition of experience data, (3) develop-

ment of investigational methods, (4) information and education.
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frequent visitors to the laboratory such as supervisors or ser
ice perscnnel, and transient visitors to the

laboratory such as. ,jt
visiting scientists.

b

The term potential health hazard is uséd in this. presentation

to describe only the possibvility, not the probability of exposuro

of personnel to undesirable power density lsvela. Uhdesirable

power density levels, in turn; refers to the upper limits of safe
exposure and not to the levels at which biological damage may oc-
cur. And the levels at which blological damage may occur are

threshold limits of exposure at which damage may be suspected, not
levels at which biological damage 1s certain to occur,

HAZARDS CRITERIA
The U, S. Army has adopted the tentative criteria of 0,01

watts/cm? as being the upper limit of safe exposure to microwave
radiation. How this criteria applies to various frequencies, beam
width, lengths of exposure, areas and portions of the body presented

to the beam, and the effect of multiple. sources of radiation will bde
considered in a later portion of this presentation., Open wave guides
and feed horns, during Army transmission of signals, are also con-

sidered hazardous because the power densities are usually high

These are tentative criteria for reasons well known to this

audience. The state of the art today is one of immaturity. In

general, it 1s felt that under present couditions of exposure reason-

able and suitable personnel protection is obtained. Even as more
data 1s adduced in support of change, and as a result the criteria

must be revised in the future with lower or higher limits, or
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Instrumentation . , o

In October of 1957 the Officé of the Surmeon General wés
called on to brief the Office of Research and Development, Depart-
ment of the Army, on the health hazards associated with microwave
radiatlon, We emphasized at that gession the inadeéquacies of in-~ .
strumentation most suitable for evaluation of microwave working
environments, Specifically, we recommended that the Army, irres-
vective of work done by other services, take the necessary steps
to obtain three kinds of equipment., These were described as }ol-
lows: Monitoring equipment for location of hot spots in power
flelds; and we suggested that the monitoring equipment should be
light, portable, battery operated, and equipped with protected an-
tennuators and coo-oots to protect the instrument against damage
in fields of high power levels, The second plece of equipment was
survey equipment. We specified that the survey equipment should
give reliable reproducable results, be reasonable in cost, simple }
to operate, and durable for field use, The third piece of equip~
ment 1s -he personnel warning device. This would be a device which
would warn a person with a visual or audial response when he enters
a microwave power field with the potentia)ly ha;ardous level of
heating. This shousd be comfortable to wear, cheap, have~a long
shell life and a rapid response rate,

As a result of this briefing, the 0ffice of the Surgeon Gen-
eral and the Signal Corps were directed to submlt essential and
military characteristics for mnisrowave measuring equipment. Uni-

lateral discussions were held with a representative of the Signal
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Cdfbs and the Fire Control Instrument Development Oroups. of. Ords )f%i
nance--Corps; ard in November a Joint 1nforma1'€3hféfencelw§§ held w
at Fort Monmouth under the joint sponsorship of the U‘ S. APmy Ré=
search and Development Laboratovies (formerly, U. S. Amy Signal
Engineeriﬁg La?oratories) and the Army Environmental Health-Labora- .
tory. Agreement was reached on the types of equipmené needed and

two sets of military characteristics were submitted, one representing
the medical concept and the other the Signal Corps' instrumentation
concept, These are now circulating for comnment and review through-
out the Army,

Acquisition Experience Data

During the year a considerable amount of data has flowed into -
the files of the Army Environmental Health Laboratory on various
theoretlical calculations and actual measured values made on the
field strengths from a variety of radar sets, The laboratory also
received several requests to evaluate the microwave environment at
various installations and sites,

After studying with the Fire Control Division at Aberdeen Prov-
ing Grounds these data and the requirements being laid upon the
laboratory, it was decided to organize a research project directed
toward developing by 3u June 1959 an experience data handbook, It
was proposed that this would consist of a collection and evaluation
of known data on all sets in which the Army had an interest. It
would include tﬁeoretical calculations, measurements from towers,
and field measurements at sites., These data would be related to

specific power outputs and frequencles. This handbook, we hope,
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wlll be useful in predicting perfo.mance of sets in advance and
in exvrapclating the data to hypothesize as te the problem per-
Tormance of sets not now bullt,

A small amount of research and development money was obtalned
near the close of the fiscal year and a contract given to Aberdeen
Proving Grounds to start thls work.

Develonment of In%estigative lethod

As an initilal test of our investigative sklli, measurements
vere made last month at one of the Armv training installations.
llere a large nwaber of acqulsition and traciklng radars are concen-
trated in a small area adjacent to a clargioom vuliding. At the
conclusion of the presentation some gravhic aids will be shown of
the problem, the investigatlve method, and the instrumentation of
a training site illustrating measurements of acquisition and track
trlpod sites. (The figures were not reproducable with ciarity and
hence were omitted., Editors.)

As a result of thls study, we have arrived at some generalized
criteria that we believe should be applied tn {fraining situations,
They are as follow::

a, Hard stand areas should he limited to the immediate
vi~inity of the set, providing only adequate space
for Jrainees,

b, Surfaces between sets should be sof't and absorbing,
preferably grass.

¢. Sets should be scparated by predetermined distances
to reduce search-lighting exposures to less than
10 milliwatts per square centimeter at sueccessive
sets.
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d. Training areas around sets that may be search-
: lighted by acquisition type radar should be screened
in the direction of the beanm.
e. Rest areas should be provided for trainees ai dis-
tances where the power densities are less than 1
milliwatt per square centimeter.

f. No other unassociated type of training shall be done
in the vicinity.

We believe that under coday's conditions the training sites
will be reasonably small and manageable and not impose a hardship.
Education and Information

Interest in microwave radiation and its potential health haz-
ards is very high. A rather haphazard but continuous effort has

been carried on by the U, 3, Krmy Environmental Health Laboratory
and the Office of the Surgeon General to meet requests for informa-
tion on the subject. Many informal briefings and seminars have been
conducted, including discussions with physicists and electronic en-
gineers in the Ordnance and Signal Corps. Two formal papers were .
presented: (1) to the U, S. Army Preventive Medicine Officers and
Sanitary Engineers at a tralning course held at Edgewood in April,
and, (2) to the Association of Governmental Industrial Hygilenists
at the annual Occupational Health Conference at Atlantic City. At
" both of these presentat‘'ons the audience response was one of great
interest in the subject. We also shared the platform with Colonel
Knauf at a meeting in March of the Joint Commission on Envi:oiunental
Sanitation Diseases of the Armed Forces Epidemological Board.,

There is considerable need for placing before national scien-
tific societies generalized papers on the subjJect to broaden the

base of knowledge of medical people and allied sclientists. This is,
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of course, in addition to the requirement of all of us to maintain
a cohﬁinuing flow of detailéd technical unclassified litérature
from the excellent and intensive research program being carr;ed on
by the Armed Services, university contractorb:'éﬁa independent re-
search groups.
SUMMARY
In reviewing this paper for sumrary points, I found it some-
what lacicing in systematic organization. This, I belleve, reflects.
the irregular growing edge of the Army's interest and work on the
problem, We have had limited resources, particularly human resources,
during the fiscal year of 1958, In general we have made progress in:
1. Analyzing the operational problem,
2. Defining the Army role in bilological effects research,
3. Preparing clear-cut instrument requirements,
4, Developing occupation health control concepts,
5. Developing an initial competency in evaluating mi;rowave
radiation working environments,
6. Obtaining first-rate cooperation between all Army technical
services concerned,
7. Acquiring -ew respect and confidence in our sister serv-
ices, the Navy and Air Force, because of their demonstrated

accomplishments in the field.
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PEARL-CHAIN FORMATION ...

by

J. F, Herrick, Ph. D., Mayo Clinic and Mayo Foundation®
(With the Techrnical Assistance of John Howell)

COL.ONEL KNAUF:

A couple of years ago our higher headquarters in the research
command organized an Ad Hoo Committee to come to Rome to look over
the work we were doing in this hazards field. At the sessions of
that group, I made some real friends, Several members of the orig-
inal group are with us today. Outstanding among the valuable friends
I acquired by way of that committee was Dr. Julia Herrick, of the
Mayo Foundation.

Dr, Herrick is a diligent worker hersell in the field of bio-
electric effects and has written some of the finest papers that
grace the literature on this subject.

The subject of her talk today is fascinating, Dr. Herrick is
an inveastigator possessed of vision and I have looked forward
eagerly to hearing what she has to say.

It is a pleasure to introduce Dr. Julia Herrick,

DR, HERRICK:

The phenomenon known as "pearl-chain formation" was described

b

in the German literature as ecarly as 1927 by Muth,* who ref'erred

to 1t as Perlschnurkettenbildung." A  thorough search of the lit-

erature has not been made. An interesting account of this phenomenon
may be obtained in a chapter by Schwan® on the "Biophysics of Dia-
thermy" in a recent book edited by Licht, entitled Therapeutic Heat.

* The Mayo Poundation, Rochester, Minnesota, 1z a part of the
Graduate School of the University of Minnesota.

#% It is interesting to note that similar chain formations have
been observed in magnetic flelds and also in electrostatic fields:
Thomson, Elihu: A Novel Magneto-Optical Effect, Nature. 107:
520-522 (June 23) 1921; Whytlaw-Gray, R. and Spealman, J, B.: A
Lovel ilagneto-Optical Effect. Nature. 107:019 (July 14) 1921.
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The phenomenon was used by collold chemists when they studled cer-
tain characteristics of cclloidal particles, It is understood,
also, that electricali englneers were familiar with pearl-chain forma.
tion,

Thls phenomenon can be demonstrated readlly by passing an ale
ternating current through water containing dronrs of oll. The oil
droplets fall into chains which closely resemuls chains of nearls,
Before the alternating current is turned on the oil droplets are in
a random distribution, as shown in figure la. Figure 1b shous the
pearl-chain formation wnich takes place almnst immediately after
application ot the alternating current. The frequency employed in
this instance was 27 megacycles per second, pulsed at a repetition
rate of 80 per second. Vhen the alternating current is turned off
the oil droplets return to the previous random distribution, as
seen in ‘igure la. This experiment can be repeated indefinitely,
provideu there is not enough energy to produce thermal effects.

The pa:*ticular chamber which we used in our pearl-chain experiments
was very similar to tha. described in a paper by Blilh,3 and will not
be desaribed in this report,

Ever since ~lternating currents have been used for medical
diathermy, the question has arisen repeatedly: Are there nonther-
mal effects? The fundamental purpose of the eclinical introduction
of alternating currents is to increase the temperature of bodily
tissues to values desired for therapy. Many able investigators
have attempted to answer the foregoing question by means of care-

ful studies, and the general conclusion as stated by Scottu is:
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"The therapeutic effects of short-wave diaihermy are, therefore,
regarded as being solely due to the heating effect." Obviously,
the Intensities of electrical eneréy ugsed for medical diathermy
would not be suitable for demonstrating pearl-chain formation un-
til absorption by the bodily tissues had reduced the energy to a
level at which such a phenomenon could occur,

Pearl-chain formation may be considered as a nonthermal ef-
fect. Liebesny5 reported the phenomenon of pearl-chain formation
in milk and in human blood to the International Congress for Short
Waves held in Vienna in 1937, It 1s necessary to dilute both milk
and blood when pcarl-chain formations are to be demonstrated, be-
cause the cellular elements are too numerous when not diluted,

Throughout the many years we have been studying the bilologie
effecte. of high~frequency alternating currents, we were not aware of
the phenomenon of pearl-chain formation., Our attention was directed
to this phenomenon through the kindness of Dr. A, J. Ginsberg, of
the Diapulse Corporation, and Colonel George M. Knauf, of the
Griffiss Air Force Base. In August, 1957, Dr. Ginsberg brought the
equipment called the "diapulse machine" to our laboratory for ex-
perimental evaluation. The diapulse machine is a pulsed generator
which nas a frequency of -7 megacycles. The generator 1is desiéﬁed
to produce pulses of various repetition rates. Pearl-chain forma-
tions in both milk and blood can be produced readily by this pulsed
generator, provided the output is low enough to cause no heating

effect.




After perfecting our technic for.demonstrating pearl-chain
fousmations in diluted milk and in diluted blood with the diapulse
machine, we withed to observe the same phenonenon with a continuous
short-wave generator, We obtained a 27-megacycle diathermy machine
from the Section of Physlcal Medicine and Rehabilitation of the Mayo
Clinic and were able to demonstrate pearl-chain formations very

‘readily, provided the energy level was sufficiently low, Figure
2 shows the pearl-chain formations formed by the fat globules in
diluted milk when the contlnuous-wave generator Jjust described was
used.

Moving pictures of pearl-chain formations are excecllent for
denonstrating the smooth transitions from the state of random dis-
tribution of the cellular elements to the formation of chains, A
particularly interesting observation which occurs in the early
stages of the return to random distribution can be demonstrated
nost convinecingly by the moving film, When the current is turned
cff, the chain lLimedliately becomes distorted into curvilinear forms.
If the electrical energy ls turned on again ac this stage, the chain
straightens out aliwost instantaneously, exactly as if the "thread"
on which the "pe. "1s" were strung had been suddenly pulled taut.
This cbgservation can be repeated indefinitely as long as the thermal
effects are negligible,

Once we had confirmed the work of previous investigators, it
wad a logical sequence to look for pearl-chain formations in other
physiologlic fluids which contain cellular elements. Lymph was the
firat fluid selected for study (fig. 3a and b). Figure 3b shows the
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random distribution of the cellular elements of lymph before the
alternating current is applied., Observations on cther physiologlc
flulds have not been complzated, and no report'will‘be given at thils
time. We regret the preliminary nature of this rébort at a time
when several aspects for further study present themselves such as:

1. 1Is the phenomenon of pearl-chain formatlon dependent on

the frequency of the applied alternating current?

2. Does the phenomenon occur in the living animal?

3. Is there a possible therapeutic effect assoclated with

pearl-chain formations?

The objective of this report is to share these preliminary ob-
servations wlth other workers and to direct the attention of those
who are unfamiliar with pearl-chain formations to a nonthermal effect
of alternating currents. Previous investigators in the field of medi-
cine who have studied pearl-chain formations claim no therapeutic ef-
fect for the phenomenon, It is hoped that additional investigations
may lead to more interesting results, All that can be sald con-
ciusively at this time is that the cellular constituents of bloddt
and lymph assume a pearl-chain formation in vitro when alternating
currents are applied properly.

CGrateful acknowledgment 1is given t¢ Dr. Khalil G. Wakim and
to Dr. Albertus Wildervanck whose suggestions and assistance made

this study possible,
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Fig. 1. Pearl-chain formations in a mixture of oil and water:
a shows the andom distribution of oil droplets be-
Tore the current is turned on; b shows the pearle
chain formation which occurs when a pulsating alter-
nating current is turned on. The frequency is 27 Mc
and the repetition rate of the pulses is 80 per second.

94




Pig. 2.

Pearl-chain formation in diluted milk when a contin-
uous-wave diathermy machine was used as the source of
energy. PFrequency was 27 Mc.




Fig. 3.

Pearl-chain formations in undiluted lymph: 3 is the
control, showing random distribution of the cellular
elements; b hows the pearl-chain formations which
result when the alternating current is applied. (Con=
ducted under the same conditions as those stated in
Pigure 1.)
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COLONEL_XNAUF':

One of tho most pressing problems in our approach to the micro-
rave hazards problem is concerned with the duvilipment of an adequate
perseansl luroever,

We are fortunate in having with us Dr, Thomns Ely, repies,atilg
the Bureau of l!ledicine, United States Navy, who will discuss his exe
perience with one such device. Dr. Ely is no doubt known to most of
you by way of his excellent work on 10 cm waves done at the Naval
lledical Research Institute, .

He is exceptionally well qualified to discuss this problem for
us and I am sure will have valuable advice for those involved in the
development or use of such a device. :

DR, ELY:

Introduction \

As part of the RF Hazards Evaluation aboard the U. S. S. Forrestal, an
evaluation of the Richardson liicrowave Dosimeters under field conditioens
was made. ' This report swmmarizes the evaluation. It should be under-
stood that it treats factors peculiar to field uscj little calibration
was attempted or possible. Calibration is, of course, a laboratory

jObo

Description

Figure 1 shows four dosimeters. They are essentially minature, self-

% Bditors note: See Appendun A immediately following Figure 1 for an
interesting evaluation of biological hazards from RF fields aboard the
U. S, S. Forrestal by Dr. Ely.




contained electronic thermometers, which indi..... the temperature of a
; small mass of gelatin. This is accomplished 'y « Shermistor, one or
two stage DC transistor amplifier, and meter. ‘lle gelatin mass simu-
~abis &t avascular oody structure which, prin.ipally because of its
water content, is heated by an electromagneti. field,

Field Results

Readings in RF Fields..are given in Table I, Although not to be cone
strued as calibration, the field strength ¢ tue AN/APS-20E Radar at

ti s dapimerer Jocation was probably roughly .00 mw/cmzo

Table I
Radar Location Reading
AN/APS=20E On axis of reflected Half scale - fast
beam with antenna cormponent. Off scale .
stopped at right - fast and
slow component.,
AN/SPG-48 As close to feed
horn as possible 0
11, 35 doe. ‘ 0
Ali/SPS=8A On axis of reflected
beam 25! away with 0

antenna stopped

do, As close to feed
horn. as possible 0
Low frequency A few feet lrom
€030 Kc. long wire antenna 0
g




One of the first things to become apparent about the dosimeters is their
ambient temperature sensitivity. A large change in reading occurred. when
the instrumeiit was moved from indoors to'oﬁtdoors or vice versa, from
tabletop to hand, or from one pocket to another. As an experiment, the -
#1 dosimeter was allowed to reach thermal equilibrium in three locations -
with réadings as given in Table II,

Table II

Locatioh Reiding (pa)
Table top indoors 100 (center of scale) ‘
Shirt pocket o
(under parka) pegged to right
outdoors
Parka pocket

outdoors pegged to left

This is without RF field; of course, Inside air temperature was aSout
20° C. and outside about 5°-C,

Oné unexpected éffect should be mentioned: In the ..ighest field avail-
ablée; that of the AN/APS=20E, the /1 dosimeter 1lit up brightly from
internal sparking tetween the various conductive parts of thé instru-
went, although this had no apparent immediate efféct on function. This
radar is pulsed; the effect would probably not occur with a (W radar
of the same average power fiéld. '

An approxiumate determination of the thermal time constant was made by
warning the geélatin capsule, and then plotting a cooling curve on log-

linear paper. Time constant i3 to the base e, in other words, the time
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required to reach 1/ of the origiual value. By this method, dosireter
© ""7#"had a value of .approximately 6 rinutes, or 360 seconds, and dosi-
meter #2 had a value of G.5 minutes, or 390 seconds. ‘
E\{aluation
It appeared that the dosimeter tested was a functional prototype, pro-
viding definite indication on a meter when in an RF fileld of sufficient
strength. It was simple enough mechanically and electrically to be
fairly inexpensive and reliable as a_ production item.

- The overriding shortcoming of the dosimeters in their present foru is
the ambient temperature sensitivity. When shifting the instrument from
one pocket to another produces a. greater change than a significant
microwave field, it is difficult to monitor the latter with the instru-
ment., )

The instrument tested had a fast und a slow time constant. The fast
component is due to RF energy picked up by the wiring, conducted into ’
the thermistor, there being converted to heat, and this heat being dise
dipated into the surrounding cool gelatin., The slow component results
from the RF energy being picked up by and being converted to heat in
the gelatin and this heat being dissipated mainly by air convection:
around the capsule. In practice, and within limits, these two time
constants result in a "ra‘e" and "dose® reading. Either or both of
these may be emphasized bylgppropriate design. The six minute slow
component is in the range of biological significance.

Alghough the internal sparking observed did not appear to affect funce-
tion, it likely would result in some destruction if given time. Elim-
ination of this should simply be a matter of some additional insula=
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tion and/or shielding.

Suggestions

1.

2

3.

Anbient temperature compensation siould be provided. This*®
could take the form of a reasonably well matched thermistor
in a mass similar in heat capa-ity and size to the gelatin
capsule, but of low dielectric loss.

lleasures should be taken to prevent internal sparking. This
could probably be accomplished without shielding against the
fast componcnt if this is desired.

Laboratory calibration should be done. This should consider
and relate field strength, polarization, duty cycle, wave=~
length, ambient temperature, position of dosimeter, and time,

to reading.
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Appendum A
BRIEF EVALUATION OF BIOLOGICAL HAZARD FROM
RF FIELDS ABOARD THE U.S.S. FORLESTAL
By
Thomas S. Ely, M. D.

Introduction -

A consideration of the biological hasard must be based on biological
standards. There is reascnatle good agreement between the maximum
permissible levels suggested by the Armed Forces, Schwan and Li,}j
and Ely and Goldman.2/ These are swmmarized in Table I,

Table I
Level
Source requenc Stru ghort, Exposure Continuous
Arued Porces  Any - - 10 mw/cn?
€1000 Mc Whole body >0.3 wemin/cm? 30 mé/cn?
Schwan & Li 1000-3000 Mc Whole body 0.3 wemin/cmé 10 o/ cm?
93000 Me Whole body €0.3 wemin/cm? 20 i/ en®
oy & 3000 M Whole body 50 w-sec/cm? 100 ma/ en?
Goldman 3000 Mc Eve 17 J—aec/cmz 150 me/cn?
3000 Mc Testis 1.3 wesec/cn? 5 m/en?

Schwan also gives a value 0,01 watt hour/cm? for short exposures to
3000 Mc. microwaves. This is twice the figure in the table, but prob-

1/ Schwan, H. P. and Li, K.: Hazards Due to Total Body Irradiation by
Radar, Proceedings of the I. Re B, 44115721581, November 1956,

_2_/ Ely, T, 8,, and Goldman, D. E.: Heating Characteristics of Labora-

Tory Animals Exgosed 1o Ten=Centimeter Microwaves, Research Report

{go%ece Nii 001 056.13.02, Naval Medical Research Institute, 21 llarch
5 L]
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ably applicas to somewhat longer times of exposure. The short exposure
wnole body value of Ely .and Goldman was intended to apply to times
neasured in rinutes rather than seconds. .
Findings

Examination of the field strengths determined by measurement promptly
discloses that the only fields which were significant in terms of the
suggested permissible levels were those from the AN/AP3=20E airborne

radar while the aircraft was on the flight deck, radiaving with a

stationa.y antenna. The values were l4 mw/cn2 at 25 feet and 70 mw/cm2

at 18 feet. Snmewhat, although not greatly higher values would be exe

pected at closer range., Standard operating procedure for this radar

calls for use of a dunmy load until the unit is airborne, and rotation

or sectoring of the antenna when radiating. The test conditions were '
artificial and field strengths of this magnitude would not be exnected '
under normal operation.

All other measured fields were very low. With the exception of the

AP5-20, the only higher power radar antenns were high above flight deck

level on the island structure. Personnel exposures close to these antennas
would be unlikely or almost impossible due to their location, and the
environmental hazard due *o stack gas would probably be overriding in

any case.

Conelusion

It is concluded that personnel damage from RF fields alLoard the U.S.S.
Forrestal would be extremely u likely, and could result only from an ine
probable combiration of unfortwnate events, deviations from the standard

cpcrating procedure, and intent,
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HUMAN ENGINEERING APPLICATIONS
AS RELATED TO PERSONNEL PROTECTION

by
Anthony Debons, Lt Col, USAF
Human Engineering Laboratory, RADC

COLONEL KNAUF:

In my opening remarke I made reference to the fact that
human engineering can play an important part in helping us cope
with the microwave hazards problem. All too often we are faced
with a serious hazard in this field only because the human engineers
were not consulted during the design phase of the piece of equip=
ment.,

I am forced to wonder sometimes whether we &ll realize the
enormous help these folks can provide. For this reason I have
asked Lt., Col. Debons, the Chief of rur Human Engineering Labora=-
tory, to discuss the services his activity is in a position to
grovido with the thought that his presentation may serve to stimu~

ate your thinking along these lines.

LT COL DEBONS:

I come to you with considerable enthusiasm for human engineer-
ing because I feel that we may be now on the threshold of realizing
the importance of considering man in the design of equipment, I
think we are still in the hangover stags, however, For the past
100 years our culture has not realized the practical significance
of the exploratory work of the late 19th century psychologists,
physiologists, and physicians who were concerned with understanding
in a scientific way the nature of man's function to the environ-
ment about him, I am afraid that by and large our culture still
accepts the old notion that there 18 too much variability in man,
too much uncertainty in the prediction of behavior to be able to
apply evidence from a study of man to his control in real life
situations,
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I would like to suggest to you, however, that we may now have
reached a point, at least in the Armed Forces, where this is not
the case. I am happy to say that there are now established within
the services, organizations whose missions are specifically directed

1t recoerizing man's rcle in the working environment. I think our

Fresent preoccupation, for example, with the man in Space is

centered around the problem of where does the man fit into the
mission complex, how well will he perform, how will he react in

the new environment, how can he survive, and how can we provide

him with the proper tools for his return to earth. Certainly

these tools will have to be compatible with the limitations imposed
upon him by the equipment and with the drastically altered environ-
ment that ne must face,

I mentioned before that the work of the 19th century scholars
and scientists was significant in getting us to think about man's
behavior beyond that of being just the result of chance, It was
signififant becanse they attempted to quartify human behavior.

They saw no reasons why scientific methodology could not be applied
to the study of man's behavior as well as his physical environmant,
Their preoccupation in a quantitative sense with man's sensory and
motor mechanisms is fortu.aate bacause much of this information ;
available to us today provides the basis for much of the philosophy
and techniques vsed in present human factors work, Human factors
consists of a cross-disciplinary endeavor; the anthropologists,
psychologists, physiologists, mathematicians, and physicians are
all contributing to the human factor analysis. Alike their




predecessors of the 19th cerntury, all of these people are concerned
with the quantification of human functions. Tach of thase perform
human engineering functions when as a team they concern themselves
with man's reactions to the stimulations providea by the physical
onvironment, They consider other environments, internal and social,
that may account for man~machine performance. They integrate the
total body of information in this analysis to achieve the optimum
relationstiip between the man and the machine, They achieve this
objective by first describing man's capabilities and limitat’ons,
Secondly, he analyzes the nature of the task. He goes into great
detail about this, He determines what conditions the man is 3ub=
jected to and what actions he is to take in relation to these
particular conditions,and finally, his function $s to analyze the
specific equipment the man must operate.

Now I have taken the liberty of somewhat d{yerting the title
of the paper that Colonel Knauf requested me to talk te you about
this afternoon., Personnel protection represents a vevry sagmented
area in human encineering. I would like to consider human engineer-
ing in a broader context, and in this way provide you with a basis
to consiuer the implications to the problem of personnel protection.
As such, I would like to describe briefly to you the human sngi-
neer's preoccupations and now he goes abont resolving the c¢ritical
aspects of these preoccupations. Secondly, I would lise to cite
specific examples where inadequate provision for human engineering
led to serious expenditure of personnel, equipment, money and resources,
Some of the implications to be derived from these comments can be

easily applied to the problem of personnel protection.




There are three essential functions of the human organism that
relate to man-machine analrsis., The fiést of these cnncerns the
~ator functions. Such things as dexterity, rotational features of
knobs and dials, diseriminable movements on control mechanisms are
some of the considerations in the desisn of equipment, Cecondly,
be is interested in the sensory functions of man. In this respect
he is interested in the limits of functioning of the visual,
auditory, olfactory and other sensory modalities, And further, he
is interested in learning capabilities of the human organismj that
15, the capacity of the individual to vretain information and to
respond rationally time after time to the sume or different situ-
ations, filtering in past as well as new experiences into his
repertoire of information.

Considerable work in all these areas .1as been done by various
huran engineering organizations throughout ARDC. For example, WADC
has made extensive studies of tracking performance. The amount of
error allowable under certain operational conditions has been
specified, Information is now available concerning the control
configuration to afford the least amount of tracking error. This
important function has been well described, and we know more about
tracking now than ever before., The human engineer is now able to
consider the tracking function as related to specific equipments
and come up with life and time-saving suggestions in the design of
the equipment our Armed Forces need, This is only one small
example. Other aspects of motor functicns, such as steadiness,

force rhythm, have been and are continuing to come under the
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scrutiny of the human enginzer. 1In each of these we are attempting
to oquantify man's performance in respect to tl 2 equipment he uses.
The more we understand the functional relations between man and
machine, the more we provide added safety to our operating personnel.
If we ignore the importance of this work, as Colonel Knauf has well
stated in the introduction, then wasteful errors and duplication of
these errors will result. !
As far as the sensory functions are concerned, there are a
number of things that merit consideration. All of us are awire
of the important work on dark adaptation during the last war. As
an extension of this, I would like to refer tc the Army Chemical
Laboratory's work on the influence of varivus druss on the dark
adaptation function. In the event of use of chemicals by the enemy
in any future war this inforrmation will be of inestimable value to
+he services in preventing casualties at a time when these casuale
ties can be less tolerated. In tha area of audition the question
of how many auditory signals can be provided and at the same time
maintain maximum alertness to sipgnals has been an important human
engineerinz problem. The question of parcelling auditory and visual
sigrals to prever* overloading on one of the sense modalities is a
continuing problem., Furthermore, the character of the visual or
auditory signal that we provide the operator is of importance.
Let's consider the case of the Navy pilot who was making an approach
landing with his landing gear retracted. The control tower personnel
realized the situation and attempted to alert the pilot to the

situation by reiterating over the intercom system, "Put your landing
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gear downl$" The control towsr personnel continued issuing thesa

instryctions without avail. The pilot landed his aircraft with lawg- '
ing gear retracted. Fortunately, he was one of the pilots who sur-
vived to tell the stery. And the facts in the case were that whils
the pilot was attending to a number of warning signals such as lowd
noises of cockpit horns, bells, and what have you, the voice of the
control tower operator frantically issuing instructions to him over
the intercom went unheeded. This represents only one of many incie
dences that I conld cite here in support of the importance of care-
fully assessing the environment within whicn your operator is to
function when you design the equipment about him,

I mentioned previously that the human engineer is in-erested
in man's learning capabilities, I believe in this one we have an
important morale to obtain., Once you have designed the equipment
to suit man's capahilities and once you have taught him to operate
the equipment, one further importari thing remains., You must pro-
vide both for the preservation and variation of the learred behavior.
This means that the humeu engineer is confronted with a subtle
dimension in the design of equipment, Once we have estimated what
man is capable of responding to and once we have taught him to
respond to these things vopropriately, one further thing remains,
and that 1s to establish the mechanisms in the environment which

"will sustain this behavior under varying conditions,

Just one other thing before closing. I mentioned that the

human engineering function involves the understarding of man, the

equipment and task. The end result 1s the best relationship between
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man and the utilization of equipment. The growth of human engineer-
ing is related directly to the needs and interests of the people who
use the equipment in the fisld, This, in turn, is directly relaped
to the recognition in all users that human behavior is predictable
n;d tha himan engineering could insure him a more efficient as

well a3 a safer world in which to live,
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MEDICAL CONSIDERATIONS OF EXPOSURE TO MICROWAVES (RADAR)*
by

Charles I. Barron, M.D., and Albert A. Baraff, M.D.
Medical Department, Lockheed Aircraft Corporation
Burbank, California

COLCVEL KNAUF:

My introduction to the overall problem of possible microwave
effects came by way of a paper written on the West Coast by a man
enraged in the practice of industrial medicine in the aircraft
industry., I have since come to respect and admire this individual
as an outstanding figure in the field of industrial medicine and
one who has made a very real contribution to the effort of solving
the radar hazards problem., The man I refer to is Dr, Charles
Barron of the lLackhaed Aircraft Corporation. Until two days ago,
Dr. Barron had planned to be with us at this meeting. Howsver,
on Saturday mornin~ he informed me by telephone that he would be
forced to concel his plans to come to Rome, He has given me
permission to introduce his paper by title to our meeting and to
refer to it in the report of our proceedings. Dr. P-o,ron has sent
us a copy of his paper, "Medical Considerations of Exposure to
Microwaves (Radargf" presented at the Allh meeting last month, and
which I am indeed pleased to introduce at this time,

Because Dr, Barron's findiurs are so much in keepin% with the
results of our researcn to date and since he so eloquent { points
out the pitfalls in attempting to extrapolate small animal findings
in predicting effects on mar, T world like to read his Comments am
his Summarv as they appear in this paper.

I feel this group should go on record as expressing our
appreciation for tae clear and factual picture Dr., Barron has

painted for us of the situation as he sees it in relation to
airborne radar.

COMMENTS
(Br. Barron)
During the past 18 years thousands of people, in the course of
their employment or while in mlitary service, hdve been exposed to

microwaves, many without protection, Concern over the effects of

#Presented at the Scientific Assembly of the American Medical
Association, San Francisco, Calif., June 23-27, 1958,




such exposure is natural and to be expected. The majority of radars
in common use today are relativelv low powered, with the exception
of some militar transmitters which exceed 1l negzawatt peak power
output., Radars with many times this power will be operational in
due course, ard ma- radically chanpe ovr entire concept of the
biological potentials of this form of energy. Since microwaves
of varying frequency and power output are also being used to pro-
vide television display, for diathermy, and in electronic ovens,
the personal safety problem is one of general public interest,

Experiments to date have been coniucted primarily on small
fur-bearing animals, and under unusual test conditions. It is
generally accepted that the modus of irjury by microwaves is a
hyperthernia produced by absorption of this form of energy by the
body., Extreme caution must be exercised in attempting to extra-
polate the results of small animal responses to heat to thnse of
the human body. Small fur-baaring animals have a high coefficient
of heat absorption, a small body surface, and a relatively poor
heat regulatine system. The human body by comparison has one of
the best, and can adjust readily ard maintain thermal homeostasis
under severe stress conditions. Adequate physiological function
can be maintained ’ < environments of 240°F for 23 minutes if the
humidity is low, and at least 1 subject has been exposed to a
temparature of 4LOOPF for a perjod of approximately 1 minute, with-
out. tissue injury.

Conditions of radar operation and testing vary from experi-

mental conditions. Humansare generally exposed while in free air,
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and rarely to a stationary enorgized"beam. Some radar beams are
extremely narrow, and only & small portion of the human body is
instantaneously exposed., The body can dissipete heat readily to

the environment between such sxposures, One is reminded of &
similar problem associated with exposurs of personnel to the thermal
effects of ultrasonic energy. In an analagous situation, small fur-
bearing animals were destroyed by hyperthermia when placed in a Jet
sngine noise field, yet there is no evidence of any adverse heating
offects upon man when expoced to the same environment. It has been
estimated that itwuld require many million times the ultrasonic
e-ergy of that generated by any current jet engine to produce these
effects in humans.

There is reason to believe that the dramatic effects observed
in small animals exposed to whole body radiation will not be repro-
duced in larger, live animals under identical test conditions, and
that the human body will be the most reaistant of all. This is not
to imply that localised application of heat cannot injure human
tissus, We have witnessed one case of accidental 1l5-second expo-
sure at a 6 to 10 inch distance, to an 'X' band radar of over
109,000 watts peak power output, with resultant erythemia and a
sensation of warmth for 'n hour, but with full and uneventful
recovery. Unless carefully controlled and operated, microwave
diathermy using 'S' band frequencies can cause local tissue damage.

In our study we have failed to detect &ny acute, transient or
cumulative physiological or pathological changes in subjects work-
ing with and frequently exposed to high power radar transmitters.
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It would therefore appear extremely unlikely that there exists a
biological hazard to the radar technician observing reasonable
precautions, or .hat the genoral public, expostd to greatly attenu~
ated and iotermittent duses of microwaves in the environment is in
any danger of body injury. We can see no causal relationship
between microwave exposure and any increase in such conditions

as coronary heart disease, leukemia, bone and lung cancer and
degenerative diseases of the nervous system,

There is need for additional research to explore the effects
upon living tissue of extended wave lencths and frequencies of
microwaves and transmitters of higher enercsy, and military research
is being directed in this area*, Colonel Knauf is to report on
the progrss of this research during this Association Meeting, It
is hoped this study will provide the basis for establishment of a
realistic safety program acceptable to all scientists.

Finally, a plea is made for deductive rather than inductive
research in this difficult field. With the increasing exposure
to microwaves in and around the home as well as in industry, care-
less and scientifically uncorroborated reports of human injury and
death cannot avoid receiving dramatic and widesprsad dissemination.
Such reports should not appear unless sufficient scientific data
are included to support the conclusions and unequiveocally establish

the modus of injury. If radar is incriminated, the report must

“Knauf, G. M., "The Biological Effects of Microwave hadiation
on Air Force Personnel," AMA Archives of Ind, Health, Vol. 17,
No. 1, January 1958.
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contain a definite history of exposure, including proper identi-
fication of the transmitter, wave length, power density, exposure
time, symptomatology, laboratory dats, pathological findings, et

cetera.

SUMMARY

In 1954 a medical surveillance program was instituted, cover-
ing 335 employees working with or exposed to microwaves in an
airframe manufacturing company, Examinations have been performed
at intervals of 6, 12 and 24 months, in an 2ffort to detect acute
or cumulative biological effects of exposure at various intervals
to energized radar beams in the 400 to 9000 megacycls range, and
with peak power output exceeding 1 megawatt. Whoncvot possible,
identical examinations wers also accomplished on # non-esposed
control group.

The examinations have failed to detect any significant changes
in the physical inventories of the subjects. The incidence of death
and chronic disease, sick leave and subjective complaints was com-
paravle in both groups.

A high percentage of eye pathology was identified, but none
with causal relation to he hyporthermia produced by microwave
absorption., Fertility studies revealed essentially the same
findings for both groups.

Laboratory studies for total red and white blood counts and
differential cellular studies revealed no significant changes

above those noted in the control group. Urinalyses and chest x-rays
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were noncontributory with respect to radar exposure, Electroe
phoretic serum protein determinations were performed on 26 sub-
jects, with insignificant or accountable deviations in 10.

Platelet counts and controlled Rumpel-Leede capillary fragi-
lity studies revealed the fallacy of using either to identify rader
exposure. In addition, only a small percentage of the exposed
subjects had been aware of heat or other subjective warning
phenomena. ) ither thess tests nor subjective complaints werc
considered reliable indices of exposure.

Absolute or safe maximum expo-ure standards were impossible
to define, inasmuch as no radar-induced pathology could be iden~
tified. Subjects had been exposed for various periods, at indefi-
nite distances, to a multitude of radars under flexible test
conditions, The need for more precise and refined exposurv data
is indicated.

On the basis of these studies there appears to be no jusci-
fication for public concern about the effects of greatly attenuated
microwave energy in the environment. It would seem, therefore,

one may corvinuv to enjoy his television without undue apprehension.
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RECOMMENDED TOLERANCE LEVELS OF M-W ENERGY

CURRENT VIEWR OF TLE GENERAL ELECTRIC
COMPANY 'S FEALTE & HYQIENE SERVICE

by

B. L. Vosburgh, M, D,, Consultant Health
Services, General Eleotric Company,
Schenectady, New York

CGOLONEL_KNAUF:

It seems as though from the very beginning of our effort here
at Rome we have been placed in a position where we appeared to be
out of step in our safety criteria with the General Electric Compiny.

I assure you that not only have we not had any real differencec,
but in truth have been able to work together in a delightfully
harmonious manner,

It is amusing at times how stodes ocan start and then grow., A
few weeks ago at a meeting at the RCA plant in Moorestown I was
told that G, E. was unwilling to acocept our proposed safe exposure
level, This seemod strange for I felt we were in agreement, I
planned to call Dr. Vosburgh at G, B. on my return to get the story
straight and try to resolve any differences that existed. Befire I
could make that ocall Dr., Vosburgh called me agd sald he had been
informed that we were abandoning our .0l w/cmé level for a more cone
servative one. I think we were both reassured on the position of
the other at the end of that conversation.

As I contemplated this conference it seemed to me that it
would be most desirable to have Dr. Vosburgh present his views to
this group so that everyone would know that in the main we agree
even though there may be minor differences perhaps of philosophy.

It is indeed a pleasure to introduce Dr, Beverly Voaburgh of
the General Electric Cow,any.

DR._VOSBURGH:

on June 1, 1954, the following safety measures relating to
microwave radiation within the range from 1 - 40 cm, wave length
were proposed at a meeting of General Electric engineers, safety

specialists and doctors:-
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1) Prevent exposure to a direct beam, espcially of the eyes.

2) Appropriate procedures shall be applied to limit the direct
or reflected intensity to 0.001 watt/square cm average in all loca-
tions to which people require access: (a)’ by the use of shielding
or absorbing material, or (b) by remote viewing,

3) Authorized persons only shall have access to areas in which
the level of the radiaticn intensity 1s close to 0,001 watt/square cm
average, and they shall be subject to medical examination on the
following basis by arrangement with the Works Physician: (a\‘ Pre-
employment vision test and exit vision test; (b) Spot check of those
who have had radiation exposure; and {c¢) Check after any unusual
exposure,

Attention is also called to the possibllity of bodily heating
from exposure to high-intensity radiation at wave lengths outside
the 1 - 40 cm zone, While little quantitative information appears
to be avallable, caution 1s recommended in all work with sources of
bhigh-frequency radiation to avoid exposure to high intensities,
especially when the radlation causes fever or the feeling of heat
locally. Obviously this restriction does not apply to treatment by
high~frequency induction heating equipment under medical direction.

Several months later at a symposium held at the Mayo Cliniec we
had occasion to comment that our recommended safety factor of 1¢0
in reflerence to eye exposure might appear :xcessive, However, we
felt quite certaln, since everyone was quite agreeable to that fig-

ure, that eye exposures to microwaves could largely be prevented.
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Oour recommended safety measures seemed realistic and so far as I
know have imposed a hardship in only one instance,

We then added, "Speaking for the health and safety interests
of industry, we regard this meeting as an opportunity to acquire
a better perspective of the microwave hazard, It is reasonable
to err on the aafe side but not so far that it hurts; not so far
that progress in $ac art becomes Jeopardized; not so far that we
will one day laugh too loudly at our present day fears.”

Present day fears tend to increase because of much greater
power outputs and a vision of fantastic amounts of power to come,
In these high power developments I am told that many monitoring
difficulties are being encountered. These difficulties may lead

to precautions patterned after present day regulations for limiting
exposure to ionizing sources,

You will be interested in what Harry Meahl, High PFrequency
Measuremenis Engineer, General Electric Company has to sgy about
the many related problems of instrumentation and measurements as
they relate to health and safety.

Impact of Invreasing Power Output
It has been our experience that holding fileld strength down to
the order of 10 wat%s pur square meter in factory test areas was
_not difficult for radar transmitters having peak power outputs of
tens of kilowatts and average powsr outputs of tens of watts.
However, 1t became quite difficult to mainvaln this level for radar
transmitters approaching peak power outputs of megawatts and average
power outputs of kilowatts, In fact, usually certain areas had to

be vacated while the transmitter was being operated because extra-
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ordinary measures would have to be taken to reduce the fleld
strength in those particular area. to the 10 watvs per sq. m.
level.

It has also been found that one has no more success with using
& single instrument and making a single measurement to determine
the field strength in an area than he would in presoribing a specific
for the common cold, The reason is that the electromagnetic fileld
15 neither single frequency nor ateady in amplitude. Itmay be
the result of several frequencies, harmonics of the desired fre-
quency or spurious frequencles, and many reflections of each so
that the resultant pattern of fidd strength in space is like the
light patterns n<en on a laxke when the wind blows.

A thorough survey of any radar or other high frequency test or
operating site for safety purposes conslsts of making many measure-
ments using indicaied instruments which operate on diffevent physi-
cal principles, each with different types of antennas and analyzing
the results. For example, one instrument would respond approxi-
mately as well to many frequencies while another would be selective
and respond practically to a single frequency. When mere than one
frequency 1s being emitted, the "broad-band" instrument should show
a higher rield s ‘ength vhan one which responded to any single
frecvency present.

As power outputs continue to increase, we may expict it %o be
necessary to devise new instruments for monltoring field strength
because greater overloads becomhe more probable and with them the

prooability of failure in the indicator.
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In his paper* "The Biologlecal Effects of Microwave Radiation
on Air Force Personnel" Colonel Knauf pointed out that today we
have three expusure levels whinh are sponsored b, three of the
larger_producers or users of this form of enecgy and which are
widely separated, "It is immeaiately apparent that all three
cannot be right", the Colonel emphasized.

From the comments furnished by our Mr, Meahl one might easily
conclude, in accepting the value of 0.0l watts/sq. cm,, and I
might add parenthetically that the health and hygiene service of
the General Electric Company does recommend that the General
Electric Company strike an amrreement with the armed services on
this value, that we should anticipate that it will become necessary
generally to monitor at a 0.001 mean watt value in order to make
the necessary allowance for harmonics and apurious waves and then
conclude with the net recommended ceiling tolerance level of 0,01
watta/sq. cm.

Even 0,001 watts/sq. cm. provides quite a bit of to%tal body
energy exposure when one cor:id-srs that the average body surface
of 2 meters would absordb approximately 10 watts.

8o long as that 10 watts 1s considered to he in the form of
thermal, noncumulative energy the chances are excellent that none
of the bodies' tissues will light up or burn out, so to speak,
But, if and when 1t has been proved that some impertant part of
that energy is absorbed by susceptible tissues in the form of non-
thermal energy having a cumulative effect, then, depending on the

kind and degree of Cthe damaging effects of such cumulative energy,
“¥AMA Archives of Ind, Health, Vol. 17, Jan., 1958
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ve would quite naturally have to introduce whatever factors of
safety that might be approﬁriate,

Pending the complete elucidation of the exact nature and bio-
logical effects of current and future electromagnetic energies, it
might be expedient to undertake biological monitoring by introducing
susceptible animals in representative environmen}g vhere humans may
have to be exposed. Such animals can be aacrificed at regular inter-
vals in order to make certain that no damage 1s developing in such
tissues as the lens of the eye, the testicle, the kidney and the
brain,

We have in fact recommended such blological monitoring in
certain areas of our own industry but I believe this recommendation
has not yet been followed.

Before concluding it might be well to reflect on the low morale
that might prevail among those having potential microwave exposures
if, for example, workers came to believe, rightly or wrongly, that
r»; ranent testicular damage couid or would result,

It seems doubtful that serious nonthermal cumulative tissue
damaging effcots are golng to be demonstrated at the energy levels
recommended for permissible exposure.

Present day 1. “rumentation and screening techniques ccrtainly
can protect against thermal tissue effects,

Before grandiose electromagnetic energies may come to introduce
importunt nonthermal, cumulative damaging effects on specialized
tissues, we hope that we will have gained sufficilent experience and

knowledge to.apply the necessary additlonal factors of safety.

123




REVIEW OF THE BINLOGICAL RFFECTS PROGRAM
. oy i
George M. Knauf, Ool., USAF(MC)
Rome Alr Development Center

We come now to the portion of the program for which I am sure
you have all been walting. We will hear from each of the research
groups a resume of the work they have accomplished to date in their
assigned investigative areas. Some of these folks have only recently
gotten thelr work under way, *1l of them, however, are dedicated
people and I feel sure will impress you with the effort they are
putting into their work. I should like to say publicly that being
permitted to associate with and work with this outstanding group is
the finest thing that has happened to me in my military career. It
should be saild also for ths rscord that muck of the delay in getting
some of these programs started rests squarely on my shoulders. In
some Znstances I had difficulty obtaining required equipment, while
in other instanceu dclays werc born of administrative targles. I
think all of this is now behind us and all of the work is proceeding
at a gratifying pace.

I am not going to attempt to tell you a great deal about any
one of these individua” *, but will instead try to outline the area
of responsibility pec&iiar to each group., As you know we selected
five different representative frequencies, 200, 3000, 10,000, 24,500,
and 35,000 megacycles. The first four of these were assigned to
the University of Buffalo, The University of Rochester, University
of Califoinla, and the University of Miami. The last, 35,000 mega-

cycles, has not been initlated because we have not to date been
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able to locate equipment producing a blologlcally significant level
of power. In addition to these representative frequencies we have
initiated investigations of microwave effects on the eye, on the
brain, and on hollow viscera. These efforts will be reported upon
by the Tufts University, The University of Pennsylvania, and the
State University of Iowa. Our friends in the Navy have sponsored
similar research efforts at Tulane University and The Universivy of
St. Louis, which will be reviewed by representatives of those
groups. In conclusion the Southwest Research Institute wi’l discuss
the work they are doing for us in exploring the valus of eleotron
paramagnetic resonance and nuclear magnetic resonance techniques

in the over-all bio-effecte program,
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SURVEY OF MICROWAVE ABSORPTION CHARACTERIXSTICS
OF BODY- TISSUES

by
Herman P. Schwan, Ph, D., University of Pernsylvania

I will summarize absorption data pertaining to body tissues and
moatly obtained in our laboratory during the psst six years. Some
of the data have been presented before, and soms of you may recog-
nize part of them, Other data has been shown only before a small
group’ and finally, some important data not shown 28 yet which are
of very recent origin, I intend to demonstrate this material in
toto for the following purposes. First, it will show the vari.
ability of absorption characteristics between various tyves of tis-
sues, Second, we will show the variatlity of absorntion values
from sample to sample in s gilven type of tissue and determine 1its
reasons, Third, from the now available”totnl knowledge of absore
tion characteristics of all major types of tissues, we can recon-
firm our earlier statement that frequencies above 10,000 megacycles
are not as dangerous while frequencies below 1,000 megacycles
establish by comparlison a major hazard, Fourth, from the com-lex
absorption characteristics we are able to state that it will be in
principle impossible to develop any type of dose meter which can
be carried on or near the human body and give aensible readinge.

The first group of figures will relate to a survey of di-
electric data; the second, to a survey of absorption coefficients;

and the third, to reflectance and energy distribution »atterns.
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We vpresent in Figure 1 data to illvatrate drastic differences
between the dielectric properties of tissues with high and iow waser
content, The capacitance 18 plotted in terma of dieleatric con-
stants for amuscular tissue and fat within the frequency range of
about 40 to 10,000 megasycles, The upper curve pertzins to mug-
cular tissue and is representative of moat body organs, The lower
curve relates to fat and subcutarsous fatty material and is alsc
characteristic of other tismues of low water content, The variation
from one sample of muscle tissue to another is within gbout 10 7er
ocent; 1.e., tne dielectric consctant of muscular tissus and body
organs varies ony slightly so that it ie reasonably sssy %o
reoroduce these data.

The apecific resistance is plotted on the ordinate and the
fequency on the abscissa within the freguency range of 4o to 10,000
megacycles (Figure 2). The resistivity data for muacular tissue
ars reproducible over the entire {requency range while the fat
date fluctuate considerably as indicated by the broad band exsenc-
ing nearly across the graph. This indicates that the resistivity
of fatty materia’ cannct be readily duplicated and that the variabi-
lity from one sample of fatiy; meiv.iel to ancthar 1s considerable,

In Figure 3 the conductivity versus the dielectric constant
of fat (human avtcpsy material) is plotted., All data pertain to
900 megacycles, but at other Irequencies aimilar curves could be
demonstrated. The graph explains that the conductivity of all normal
samples shown here varies by a factor of five. Two samoles, with

4 conductivity near U4 m Mho’/ecm, pertain to tissues of abnormally
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high electrolyte content, related particularly to the cause of death.
One samnle, indicated by the arrow, was measured afcer dehydration
in the oven, Il should be uoted thab the dielectric constant varies
by a considerably smaller range. This 1llustrates why, by comnarison,
good reoroducibility of dlelectric constant and a voor one of con-
ductivity result. On the other hand, there is a systematic relation-
ship between the sonductivity and the dlelectric constant data. The
reasons for this behavior become asparent in the next figure,

In Figure 4 the dielectric constant of fatty tissue versus ver-
centage of water contained in fat is plotted at 300 megacycles,
Water determinations were carried out in the routine manner. Ob-
serve the well-defined relationship between the dielectric constant
and the water content of fatty tissue. With increasing water con-
tent, the dielectric constant rises, This i1s anticipated since
water has a high dlelectric constant, The arrow between the two and
four mark indicates the value resulting from dehydration of fat.

The conductivity of fatty material versus the nercentage of
water contalned in fat 1s plotted at 300 megacycles (Figure 5).
Even though aogewhat more fluctuition occurs than in the previous
figure, a clearly define. relationship is apparent. Again, increas-
ing the water content increases tne conductivity, It is noteworthy
that 08 ALIALL QR NS e AL E0fhs. /1 thin the normal range
through the major part of tne curve,” Two abrormal cases of high
water content are included in the figure to more clearly establish

the relationship between conductivity aand water content,
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In summary of biie above presented dielectric data:

1, Dielectric constant and conductivity of tiasues of high
and low water content are very different from each other, ’

2. Dielectric constant and conductivity of muscuiar and other
tissues of high water content are well renroducible; 1.e., variation
from sample to sample 1s small,

3. Dielectric constant and conductivity of fatty tissues vary
considerably from sample to sample., The variation is more pronounced
for the conductivity than the dielectric constant. However, a uni-
form and reproducible relationship exists between (a) disleotric
constant and conductivity at any given frequency, and (b) both
dietectric constant and conduetivity on the one hand and water content
on the other. Hence variability of dielectric data of fatty tissues
reflects a corresponding variability in water content,

The above formulated conclusiuns are justified for the total
frequency range of interest for radar purposes, They have been
secured for the spectrum from 40 to 10,000 me.

Figure 6 presents selected material and condensation of con-
ductivity values from all the material we have measured, 'The
vitreous humor, yellow bcne marrow and bone (the points around
yellow bone marrow pertain to bone per gg) indicate the extremes
of the total range of data, and all other data fall in between.

The conductivity is aimost constant up to 1000 megacyclé; and then
1t increases very rapidly with frequency. Above 30,000 megacycles
the conductivity approaches constant values again, With these

electrical data and the dielectric constants presented in Figure 7,
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we have all the essentials available for the determination of
abéorption coefficients,

The same materials shown in the previous figure are repeated
in Figure 7, but, in this case, they relate dielectric constant

data, The vitreous humor and the yellow bone marrow still establish

the eitr;;es.of raﬁge: "All otier materials tested, which are too
uumerous to include here, fall between these two extremes. The
values below 1,000 megacycles are relatively conatant, Above
10,000 megacycles, there is a pronounced decrease,

For the next series of figures we have translated the availe
able dielectric data 1n absorption coefficients, or rather theiy
inverse; i.e., depta of penetration values,

Figure 8 demonstrates the srincipal behavior of the pene-
tration as function of wave length in air. The curve extending
from the lower left hand corner (the infrared range) up to more
than 1,000 centimeters pertains to muscular and similar tisue.
This curve demonstrates two principal regions. One regilon per-
tains to a small change at relatively long wave lengths and seems
to approach a plateau between 10 and 100 ¢m., But before achieving
the nlateau, the penetration drops off abruptly and approaches
finally in the infrared range another constant value, This data
hag been extravoluted with a pertinent theory and corresponds
nearly ldentically with infrared experiments ccnducted bQ-physi-
ologista, While this frequency over a more limited range is the

princinal behavior, Flgure 9 presents more detalleddata.
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Depth of penetration of fatty fissue and tissues with a high
water content such as muscle are plotted in Figure 9 for various
Trequencies. The range of variability for fatty tissue, which does
not appear on the graph, is higher and lower than the average curve
by a factor of approximately 1.5. These curves are restricted to
the immediate range of interest; i.e., from 100 megacyles to
10,000 megacycles, Observe that at frequencies below 1,000 mega-
cycles the depth of penetration changes relatively little. Above
1,000 megacycles, the depth of penetration decreases very rapidly.

Figure 10 gives penetration values for different frequencies
and compares brain tissue and red bone marrow with muscle, Note
that the depth of penetration at 3,000 megacycles is approximately
eight or nine millimeters and then falls off rapidly. At 30,000
megacycles penetration reaches a depth of only 0,3 millimeter.

The depth of penetration values apply in Figure 1l to yellow
marrcw and bone, At 3,000 megacycles the depth of penetration is
about five centimeters. In other words, the abllity to penetrate
yellow marrow and bone 18 about tenfold or one order of magnitude
higher than it is to penetrate muscle and red marrow,

In Figure 12 vhe dept: of penetration is plctted uver a very
wide frequency range for the vitreous humor and lens of the eye.
Note that both curves approximate a plateau around 1,000 mega-
cycles., The lens material behavior at very high frequencies is
almost identical to that of the vitreous humor. At lower levels,
however, the lens curve is somewhat higher reflecting its higher

protein content and consequent lower ccnductance,
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In discussing both the depth of penetration of the radiation
ani the resultant penetration of heat, thermal co ductance and
radlation must both be born in mind as the two fartors of impor-
tance. For example, when depth of penetration of radiation is great,
then it might be anticipated for physical reasons that thermal
conduction would be small in its influence on the effective pene-
tration of heat. The opposite holds when the absorption coeffi-
clent is very higr, 1.e., depth of penctration is very low, This
is demonstrated by three heating curves which Cook presented for
wavelengths at 10, 6.5, and 1.25 centimeter (Figure 13). The
curves resulting for 1.25 and 6.5 cm are essentially identical;
even 80, depth of penetration values are greatly different. In
essence, this means that a radiation frequency substantially
higher than 3,000 megacycles merely acts as a surface heating device
similar to infrared, and that heat penetration must rely on con-
duction, L

A few summarizing comments about the presented absorption
values seem in order:

1. Depth of penetration in muscular and similar tissues is
about tenfqld larger t 'n in fatty and similar tissues. A complate
survey of absorption characteriscics reveals, hpwever, that there
are some tissues such as brain, which places 1tself 1n betwean.

2. Depth of penetration decreases with increasing frequency,
slowly below 1,000 mc and increasingly rapid above,

3. Depth of penetration in the majority of tissues with rela-

tively high water content decreases below 1 c¢m as vhe frequency
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reaches above 3,000 me, Its ability to deliver heat inside the body
relies to an increasing extent on heat conduction i, stead of
"primary" production., It thevefore becomes from a practical point
of view comparable wiih infrared in lts effects on mankind.

For experimental worit some suggestions result from the data:

a) As radiation frequency increases and penetration decreases,
the likelihood to internal damage decPeases; i.e,, higher fre-
quencies are less damaging than lower oues, 4whls statement, of
course, 1s only valid if the total penetrated energy is absorbed;
i.e., if penetration values are small compared to physical
dimensions of the test animal., The presented penetration values
show that this i1s always true for mankind.

b) If experiments are carried out with animals of a physical
size which 18 comparable »r less than above reported penetration
values, only part of the available energy flux will be consumed.

As a result, any anticipated simple relationship between damage

and radiation flux will be distorted, For example, 1t will bte
virtually impossible to generate substantial temperature elevation
in mice at 100 or 200 m¢c. However, the same frequency must produce
substantial internal heat*ng in mankind if applied with the same
flux, The consequences for experimental work seem evident,

The third and last section of figures refers toc data of
reflectance and energy distribution.

in Flgure 14 the percentage of absorbed energy 1is plotted as
a function of frequency for muscular tissue alone, The plateau in
the 1,000 megacycle frequency range represents a value of approxi-
mately 40 per cent absorbed energy. Note the increase in absorbed

energy as frequency increases beyond 10,000 mg,
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In the presence of other tissues the situation becomes more
complex (Figure 15), For example, the amount of absorbed energy
varies with the thickness of the subcutaneous fatty layer, The
variation 1s relatively slcw at lower frequencies, As the fre-
quencies increase, however, the amount of absorption becomes more
erratic, resulting in a more complex situation,

Figure 16 is presented only to illustrate the extreme vari-
ability in absorbed energy when three tissues are considered to-
gether. The curver superimposed on cne anvther rcpresent the
absorbed energy of skin, subcutaneous fat and deep tissues, This
18 a realistic relationship which would occur in the body. Note
that the total amount of absorbed energy can vary between 20 and
100 per cent; i.e., by a factor of five, X denotes the skin
thickness in cm; the abscissa indicates chic thickness of the sub-
cutaneous fat layer,

The situation in Figure 17 1s somewhat ldealized as only
fat and muscle are considered. The inclusion of skin would further
complicate matters, Observe that at the interface between fat and
muscle the relative heating is much lower in fat than in muscle,
This merely indica -8 that the impedence of fatty material and
muscular tilssue 1s very different. The conscyuent large reflec-
tion of energy into fatty material results in a reduction of the
field strength at the boundary (fat-muscle), and a correspondingly
smaller heat development there. Under proper conditions an
appreciative reduction in field strength near the body may obidn,
while a large energy absorption may take place within the body
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itself. Thus, in principle, it appears impossible to construct

a dosimeter which measures reproducibly absorbeder >rgy and can be

carried on or near the human boedy, In our opinion measurements -
should be taken in the "distant field" to enable standardizavion

of experiments,

SUMMARY

Now permit me to Pummarize and draw some conclusions from the
above presentcd material,

a) The reviewed absorption data cover a total rar.ge of about
1l to 10 & any particular frequency, Extremes are provided by the
glass body of the eye and yellow marrow and dry fat. In between
we £ind an almost continuous assembly of data.

b) The determination of absorption characteristics is a pre-
requisite to much experimental work, For example, in order to
determ.ne the dose to which animals much smaller than the depth
of penetratlon or cellular organism are exposed, absorption coef-
ficlents are a prerequisite, Without their knowledge no quanti-
tative statements are possible.

c) For most tissves frequencies substantially higher than
3,000 me cause mere surface heating; l.e., act like infrared or
sunlight, At lower frequencies, particulariy below 1,000 mc,
much larger penetration is achieved, This statement 1s valid for
all tlssues.

d) From the complexity of reflectance and energy distribution it

is ccncluded that no dose meter can be constructed which can be
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carried on or near the body surface and give sensible data. On

the contrary, its readings may be by far too iow due to cancel-

lation of field strength as a consequence of standing wave patterns.
e) Standing wave pattern in the body makes it senseless to talk

about energy flux in the body and to use it as a measure of dosage.

All dose or dose rate statements must refer to field or flux

values in the distant field defined sufficiently far from the

body to be affected by its presence.
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REVIEW OF THE WORK CONDJCTED AT TUFTS UNIVERSITY
Experimental Radiation Cataracts Induced by Miccowave Radiation

by .

Departg:g:eg% gioggggfngsgespgﬁieérs1ty

Our werk at Tufts has bean aimed chiefly, but not exclusively,
at studying the effect upon the eye of microwave radiation at a
frequency of 2450 megacycles and wave length ol 12,3 om. Engaged
in this effort, in addition to myself, are Mr, David Biddle and
Dr. Hal Freeman. both of whom are present at this conference, and
Mrs. Claire Van Ummersen. We also had as a member of our group
last year Dr, Cayetano Mangahas.

Before reporting on our work on the eye, I wish first to .
summarize briefly the results to date of a study of the effecte
of this frequency on the developing chick embryo. This wérk has
been done chiefly by Mrs., Van Ummersen, who has incubated eggs for
48 hours, exposed them to microwave radiation for periods of 6 to
9 minutes at a power density of 0,28 watts per square centimeter,
and then returned them to the incubator for another 48 hours.
Nine minute exposures w: ‘e lethal and exposures of 6 minutes had
no apparent effect, but exposures of 7 or 8 minutes duration resulted
in numerous developmental abnormalities which were evident whsn
the embryos were examined at the 96 hour stage. In general, 1t
can be stated that microwave enevgy of this frequency causes
supression of further differentiation but not of proliferation

in organs which have already been established by the 48 hour N
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stage, suck as the brain, eye and heart. For example, the brain at
48 hours normally has three vesicles but by 96 hours the prosen-
cephalon and the rhombencerhalon have each become divided, so that
there is a total of five vesicles. When exposed to microwave
radiation at the 48 hour stage, the brain subsequently continues to
grow but remains in the three vesicle condition. Likewise, the
heart continues to increase in size but does not undergo normal
differentiation. It appears also that the effect upon regions of
the embryo which have not been established by the L48-hour stage
is to inhibit their development. In most cases, the posterior
appendare bud and the tail bud fail to develop; in all cases,
development of the allantois is inhibited.

This work is still in progress, with study of the serially
sectioned embryos being made and attention being ~iven to the
question of whether there is any difference in mitotic activity in

the irradiated embryos as compared to normal control embryos,.

LENS OPACITIES RESULTING FROM MICROWAVE RADIATION

The cataractogenic effect of microwave radiation has been
praevicusly establ! hed by the work of Richardson, Duane and Hines;
¥illiams, lMonahan, Nicholson and Aldrich; Daily, Wakim, Herrick,
Parkhill and Benedict; and others., For the past two years, we
have been studying in some detail the conditions under which len~
ticular opacities are produced by microwave energy at 2450 Mc.
Our first task was to establish in terms of time and power the

thresholds for cataractorenic exposures and to study the
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accompanying thermal chanpes., Following this, we investigated
the cumulative effects of repeated subthreshold exrosures to
microwave radiation. Inasmuch as continuous wave radiation was
employed in both of these series of experiments, we undertook to
discover whether pulsed microwave radiation of the same average
power density would have similar effects., I shall report today on
these three aspects of our work,
Time_and Power Threshoids.

Our microwave Source was the Raytheon Microtherm lModel CDMi.
Male New Zealand white rabbits, 6 to 10 weeks old, were anesthee
tized by sodium Nembutal administered intravenously and exposed
with the ripght eye at a measured distance of two inches from the
plastic housing over the dipole crossover of the Microtherm
director "C." Following exposure, ophthalmoscopic and slit lamp
examinations of the eye were made daily and notes made of any
changes. VWhen advisable, stereo color photographs of the eye were
taken with a Donaldson stereo ophthalmic camera at initial
ma~nifications of 2 or 2% times, This could be done without ares-
thesia and gave excellent detailed photographs of the progress of
lenticular opacities ov. ~ considerable periods of time. Many of
Lthe slides with which this presentation will be illustrated are
single pictures taken from such stereo pairs.

The results of 56 experiments are shown in Figure 1, in which
the microwave energy, axpressed both as applied power density in
watts per square centimeter and as the percentage of output of the

icrotherm, is plotted against time. OSolid circles represent

1,8
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negative results: crosses represent opacities. It is evident that

the higher the power, the less the duration of a single exposure
required to produce an opacity. Conversely, as the power is decreased,
the duration of exposure must be increased if an opacity is to result
from a single exposure. If the threshold curve shown in Figure 1 be
plotted logarithmically, we find that the power multiplied by the
square root of tne time is a-cumstant, -

Our measurements of the power density of the ReF field at the
position of the eye were made by a calorimetric method. A hollow
sphere the size of a rabbit eye.was constructed of a plastic of low
dielectric constant, It was placed in the microwave beam at the two
inch distance employed in the experiments and filled with saline
solution into which was inserted the 22 guage hypodermic needle
thermistor probe of a thermistor-thermometer circuit. It was thus
possible to obtain & continuous direct reading of the temperature
rise in the sphere during microwave irradiation over a given time,
leating and cooling curves were recorded and from this data and the
known volume and cross-sectional area of the sphere, the amount of
energy absorbed could be calculated. We arrived at a figure of
Oely2 w/cm.2 as the power density of our microwave beam at this
distance.

We were encourazed as to the validity of this estimate by the
fact that measurements made at the Rome Air Development Center on the
same model of Microtherm, but by a method employing a matched horn
antenna and power meter, gave & figure of C.LC w/cm? « Dscause of

the ¢lose agreement, we have tnersfore taken the fipvrre of (.40 w/cm.2
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as the power density in our experiments at the maximum output of our
generator. T

It may be of some interest to summarize certain of our obser-
vations with regard to the onset of lenticular opacities and their
further progress. The latent period between the time of exposure
and the time of appearance of & reccgnizable opacity varies from 1
to 6 days, the average time being 3% days., The early changes in the
lens can be recognized by slit lamp but not by ophthalmoscopic
examination, The first visible sign of change is in the pos“erior
subcapsular cortex; it appears as concentric lamellae of greater
optical density separated by clear zones. There may be from one
to three such bands parallel to the posterior capsule. We have
referred to this as poaterior cortical banding. In minimal
exposures, it may clear up within a few days with no opacity being
formed. In all cases in which opacities occui, however, they are
characteristically preceded by the cortical banding, Subsequently,
there may occur thickening and increased density of the posterior
suture, formation of small vacuoles or granules above and below the
suture line, or clusters of small vesicles at each end of the suture.
In a number of cases, fiber-like processes appear at the ends of
the suture line and (rogress axially to form flat bows or arcades
above and below tha suture, after which the axial area which they
enclose becomes more or less filled in by irregular fibrous and
filamentous processes to give a cottony appearance to the lens
cortex, In all cases, these changes take place in the posteriocr
subcapsular zone. With exposures of sufficient power or duration,

strings of vesicles which are fairly large occur peripherally in
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the posterior subcapsular region. The cegree of opacification
varies with the power and duration of the exposure, {rom a few
rranulec, vacuoles or fibrous streaks in the region of the posterior
suture line to frank circumseribed or diffuse opacities. Some of
tne minimal opacities may exhibit regression; more extensive

lesions go on to become mature or even hypermature cataracts.

It can be stated that the absence of pigmentation in the eye
of the New Zealand white rabbit is not a factor in the sensitivity
of the lens to microwave radiation, for we obtained similar results
when the New Zealand red rabbit, which has pigmented eyes, was used.

Some ocular reactions were noted immediately after irradiation
-~ and atain they varied in degree with the power and duration of the
exposure., They included hypermia of limbal and iris vessels,
pupillary cornstriction, swellirg and chemosis of palpsbral and
bulbar conjunctiva, and vitreous floaters and filaments. At power
levels of (7,28 w/cm? or less, these effects were transient and of
minor severity, provided that the period of irradiation was not
unduly long. T o
Temperature Changes in the Eye.

The thermal cffects noted above suggested the advisability of
studying temperature chan7es within the eye which accompany exposure
to microwave radiation., Accordingly, the termistor needle probe was
inserted in the eye with its tippsitioned in the vitreous body
directly behind the posterior pole of the lens but not in contact
with the lens capsule. The temperature of the vitreous was recorded

during irradiation at five different power levels: 0.12 w/cmé (30% of
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power); 0.20 w/em$ (50% of power); 0,28 w/cmg (70% of power); 0.36
w/cm? (90% of power); and 0.40 w/cm? (100% of power). The results
are shown in Figure 2. It is apparent that as the power is increased,
the temperature >f the vitreous rises more rapidly and reaches a higher
level before tending to flatten out, This is exactly what one should
expect! the more energy applied per unit of time, the greater and
more rapid the thermal effect from absorption of that energy.

In Figure 3, this information in chart form is related tu thne
previously established time and power thresholds for production of
lens opacities, The shaded squares represent for each power level
the minimum duration of cxposure which causes opacities to form.

The significant fact which emerges is that at each power level, the
threshold time for opacity formation coincides with the time of
exposure at which the vitreous temperature closely approximates 50
degree Centigrade, 7The obvious conclusion to be drawn is vhat the
cataractogenic effect of microwave radiation is a thermal effect,
“with 50 degrees Centigrade constituting a critical temperature,
However, in the lipght of certain experiments to be reported subse=-
quently, I oughta this time to sound the warning that there are
occasions when the obvious conclusion may bettar be left undrawn!
Cumulative Effects o. Repeated Subthreshold Exposures to Microwave

Raitation.
Having established thresholds for opacity production by single

exposures to continuous wave radiation, we sought to discover whether
repeated subthreshold exposures might have some cummlative effect.

We chose a power density of 0,28 w/cm? , at which level we had found
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VITREOUS TEMPERATURE AVERAGES:
100% $0% 70% 50% 30% (20CASES)

55°¢C 4
100%
{4
7o%
50°C 4 508
Jox
45°C
INITAL TEMPERATURES
100% 37.65 350%36.90
40°c | 90% 3820 30%38.9°
70% 3020
. 3s°¢
Yomm. 10MIN. 20N, oMN.
Figure 2, Temparature of vitreous body during exposurs to cone

tinuous wave rld!.!t.ion at different power levels. (100%
equals 0,40 w/em.<: 90% equals 0.36 w/em.2; 705 equals
0728 ¥fom 24 508 equals 0,20 w/em.2; 30% equals 0.12
wjem,
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that 6 minutes was the minimal exposure period which would cause an
opacity to develop. We therefore subjected 43 rabbits to repeated
exposures each of 5 minutes, 4 minutes, 3% minutes or 3 minutes
duration, with intervals between exposures ranging from 24 hours to
two weeks., Control experiments were given only a single irradiation,
Thirty-four of the 43 rabbits developed various degrees of
lenticular opacities, ranging from small aggregates of granules,
vesicles or fiber-like processes in the vicinity of the posterior
suture line to extensive lesions involving a substantial part of the
posterior subcapsular cortex, In li of these cases, partial or
complete regression of the cataract occurred. On the other hand,

in a number of cases the lesions have persisted for periods which up

to now have reached 1l months, *

Typical of this latter condition is the case illustrated in
Figure 4. The eye was exposed twice for periods of / minutes each
to a power density of 0.28 w/cm? » the exposures being spaced two
weeks apart., Five days after the second exposuvre (20th day of the
experiment), the posterior suture line appeared granular and arcade
fibers extended upward and downward frcm its nasal end., Iwo days
later, small vesicles were evident at each end of the suture line
and the axial region of t:e posterior subcapsular cortex showed
granules and many irregular fibrous processes. On the 25th day,
feathery striations appeared in the inferior peripheral posterior
cortex, toward the lens equator, and the axiai and paraxial region
showed numerous granules and vesicles. By the 33rd day, the peripheral

striations had disappeared and the opacity then exhibited its :lnal N

156 =

~ ]




R-42 4 MIN. EOWx2

20DAYS

25 DAYS

ey

26 DAYS 33 DAYS 3 DAYS 410AYS

Figure 4. Stages in the development of & permanent lens opacity
resulting from two L minute exposures, two weeks apart,
to microwave radiation at a power density of 0.28 w/em.2,
gcyl are numbered from the initial wxposure on the first
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form, subject only to becoming more dense and compact,
Regressive changes are illustrated in Figure 5, 1in this case,
the eye was exposed for 3 minutes each day for 5 days. The power .
density was 0.28 w/cm? . On the eighth day, granules, vesicles and
arcuate fibers were seen along and above the suture line in the
posterior subcapsular region. On the 1l3th day, the posterior zone
showed & striate and granular opacity which formed a peripheral
collaret. By the following day, a striate oracity of similar nature
had developed in the paraxial region and numerous vesicles extended
along the line of the posterior suture. Despite the extensive
opacification which occurred in this lens, regressive changes took
place rapidly, Within 2, hours, the peripheral striate opacity
had disappeared and in another day so also had the temporal half
of the paraxial striaticne. 4 faw davs later and the entire lens
was clear.
Conditions under which cumulative effects have been manifest are
the following:
1, Five minute exposures.
a., Five minute irradiation each day for a total of 4 or of
5 exposures,
b, Five minute irradiation every other day for a total of
2 or of 3 exposures.
¢. Five minute irradiation each week for a total of 2
exposures.
The results of repeated 5 minute exposures are summarized in

chart form in Figure 6, prepared by Dr. Freeman. The term "central N
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Figure 5. Stages in the development and regression of & lens
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qpacity resulting from five 3 minute daily exposuresto
ric. +ave radiation at a power udeasity of 0.28 w en. 2,
Da,s «re numbered from the initial exposure on the first
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opacification™ as there used refers to opacification of t:e axial
region of the posterior subcapsular cortex. The symbol "X" indicates
terminacvion of the experiment; the arrowhead symbol denctes that tle
experiment was still in progress at the end of 12 weeks, when tiais
chart was prepared. BEach soiid circle represents a single 5 minute
exposure,
2, Four minute exposures.
a, PFour minute irradiation each dar for a total of 4 or of
5 exposures.
b, Four minute irradiation each week for a total of 2 or
of 4 exposures.
¢s, Four minute irradiatiocn every other week for a total
of 2, 3 or L exposures.
Results of repeated 4 minute exposures are summarized in
Figure 7. Each solid circle represents a single 4 minute exposure.
3. Thres minute exposures.
Exposures of 33 or 3 minutes duration, made each day for 5
consecutive days, are summarized in Figure 8.
We have concluded from these experiments that opacities may
develop as a cumulative effect when the eye is repeatedly exposed
to amounts of microwave radiation which singly exert ro harmful
effect, The cataracts so produced do not differ significantly in
morphology or in severity from those caused by single exposures
which are above threshold values. There ie some suggestion that

the severity of the reaction may be related to the frequency
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Figure 4, Effects of repeated subthreshold expogures of 5 minutes

each at a power density of 0.28 w/cm.4., Each solid circle
represents a single exposure.
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of exposure but this is not invariable; exposures separated by
intervals of two weeks may cause frank opacities wlich remain as
permanent lesions. It yet remains to be determined how long a
period of time must intervene between si-ccessive exposures to
microwave radiation in order for no cumulative effects to oceur.
Effects of Pulsed Microwave Radiation.

Through the cooperation of the Raytheon Manufacturing Company,
we were able recently to add to our microwave generator a circuit
for pvlsing the output at pulse repetition rates of 200 to 5,000 per
second and at any predetermined duty cycle., It thus became possible
to compare the effects of continuous wave and of pulsed wave radiation
without introducing such variables as a different Magnetron tube or
a different microwave director, To date, we have performed only a
preliminary series of 16 experiments, upon which I shall report
briefly.

Yle first establisned that the thermal effact of pulsed wave
radiation is dlrectly related to the average power of the ReF field.
Fou example, when the eye is subjected to pulsed wave radiation on a
50% duty cycle and at an average power density of 0O.l4 w/cmg , the
temperature of the vitr. us body increases at the same rate and to
the same extent that it does when the eye is subjected to contjinuoug
wave radia*ion at 0.14 w/cm? pover density. Temperature curves for
the vitreous body under the two conditions are identical, as shown in
Figure 9.

It should be pointed out that when the radiation is pulsed on

a 50, duty cycle and at an averaga power density of 0.14 w/cmfz, the
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peak power of each pulse is 0,28 w/cm?, whether the pulse repetition
rate be 2003 1,000 or 5,00C per second. Therefore, if we expose the
eye for a singléwzo éI;ﬁié period to microwave radiation pulsed on

a 500 duty cycle and having an average power density of O.li w/cm? ’
we set up the fdlowing conditions:

1. 1In terms of peak powsr, this exposure is identical to a
10 minute exposure to continuous wave radiation at a power density
of 0.28 w/cn.z, which we have shown will cause lens opacities to
form. (See Figures 1 and 3).

2, In terms of thermal effect, this exposure is identical to
a 20 minute exposure to continuous wave radiation at & power density
of 0.1k w/cm? » Which we have shown is not sufficient to cause
opacities to form, (See Figures 1, 3 and 9).

Under the conditions describeﬁ, we exposed ths eyes of 12
rabbits and lens opacities developed in eight of them. The
opacities varied from minimal ones, with granules, vesicles or
arcade fibers along or near the posterior suture, to esxtensive
lasions such as that illustrated in Figure 10. As in the case of
opacities produced as a cumulative effect, some of them subsequently
regressed and others remained As permanent lesions,

Four more animals were exposed for 20 minutes to radiation of
0.14 w/cmﬁ average power density but pulsed on a 25% duty cycle, so
that the peak power density was 0,56 w/cm? . 1rank lens opacities
developed in two of these cases, one of which was pulsed at a

repetition rate of 200 per second ang the other at 1,000 per second.
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Figure 10, Stages in the development of & lens opacity resulting
~om a single 20 mirute exposure to pulsed wave
r.diation., Duty eycle, 50%; pulse repogiaiog rate
1000/zec.; average power !onucy, 0,14 w/em.4} pufx
power dersity, 0,28 w/cm,=,
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These experiments strongly suggest that the cataractogenic effect
of microwave radiation at this frequency is not primarily a thermal
effect, as we had tentatively concluded from our earlier experiments
in which continuous wave radiation was employed. Control animals,
the eyes of which were exposed for 20 mirutes to continuous wave
radiation at a power density of 0.l w/cm.zdid not develop opacities.

It is our opinion, therefore, that in considering possible
hazards to personnel of microwave radiatior, it would be advisable
to pay attention to peak powers of the R-F field rather thanvco

average powers,
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REVIEW OF THE WORK CONDUCTED AT THE ST. LOUIS
UNIVERSITY SCHOOL OF MEDICINE

by
Alfred W, Richardson, Ph,D.,
Department of FPhysiology
SUMMARY

Introduction

Recognition should be g! .a to Dr. Pletro Bramante, Mr. Walter
Jiszezon, Mr. Donald Henson,” Mr. Henry Wellman, and Mr, Peter Goetz
for thelr aid in the execution of different specific portions of this
work, This review includes work that is finished, and work in pro-
gress where sufficient data have been acoumulated for limited cone-
clusions to be stated.
Dosimeters

Dr. Ely, in my opinion, should be commended for his efforts in
testing the Richardson dosimeter and I am in general agreement with
his conclusions. It should be clarified that the dosimeters do not
measure RP fleld strength per se, but rather respond as a calibrated
analogue to the temperature rise in avascular tissues of the body.
This dosimeter i3 affected by field strength and time of exposure,
posseasing a long time constant as Dr, Ely quite adequately des-
eribed. If an investigatoer were in the field Aduriung the period of
the meter response reported by Dr. Ely, tne temperature in his testes
and in his eyes increased 40 C. above the normal temperature, Dpsi-
meters can be constructed with greater or less sensitivity than this.

Modifications will be made for better ambient temperature compensd-
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tion, for the prevention of arcing, and for more rugged construction.

2450 Megacycle Decay Gradients in Tissues
Sgudies have been cgmn;eted using tissues of t“e kidney, liver,

eye, and whole blood to determine the penetration lo08s, or energy
decay gradient, at this frequency. With a generator output of 0.1
to 0.3 watts per om?, temperatures were measured at multiple depths
in tissues at 2-second intervals. Kidney and liver specimens were
excised with blood intact. Very early readings were the most re-
liable, before conduction into surrounding areas altered the
established gradients,

Under the conditions as desaribed, one«half of the energy was
dlssipated at each 0.8 em, increase in depth, following a log-2
curve ol half-loss. This was true within a clcse limit of error
for the four tinsues studied, The results of the plot may be

tabulated as follows:

Tissue Depth (em) o 0.8 1.6 2.4 3.2 40 48

Energy Loss 0 1/2 34 T/8 15/16 31/32 63/64

Remainder 1 12 4 18 1/16  1/32  1/6k4
Current studies with the excised limb of the dog indicate that

these sets of values do not hold, the layers of tissue being of a

more heterogeneous charactur,

Animal Weiggt Changes with 2450 Megacycle Microwave Exposures
Although our accumulated data to support this finding is less

extensive at present than that of Drs. MacAfee, Baus, and Fleming,
i1t is believed that we have confirmed a portion of their work

econcerned with weight changes in .ats. With repetitive exposures
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of the animals to this frequency, we have found that the animals
lose weight immediately =fter e¥pnanra for a  hory period. but
welght is accelerated during periods of no exposure, back to

control levels or above.

Longevity Experiments, in Progress !

(roups of albino rats are in process of being exposed to
microwaves in multiple irradiations of 5 to 50 mw/bme, with che
life-span being compared to controls. These studies are based
on the hypothesis that longevity may possibly be the most sensi-
tive test of milcrowave damage.

Exposure of Chicken Eggs, in Progress

In our procedure, eggs are irradiated with 2450 megacycle
microwaves of such magnitude that the highest induced temperature
within the eggs rises to 37-38°C. over a 100-minute period. After
exposure, the irradiated eggs are placed in a 39° C. incubator

along with unexposed controls. The embryos are compared at

Antervals. At present, 60 eggs are under study. At the time of

this report, 12 eggs have been examined, 6 controls and 6 experi-
mentals. Of :ne © exposecd vgyS, 5 have revealed various types of
distinct pathology, the most overt finding being insufficient
growth rate of the total embryo or its parts. As yet we do not
claim an athermal effect here, since such a view would bte premature.
It is belleved, however, that the reavlts thus far are strongly
suggestive of such an action. The results reported are 7-day

embryos.
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The Irradiation of Vegetable Seeds with 2450 Megncycle Microwaves

A series of comprehensive studies have been carriled out where
lettuce and radish seeds have been exposed to microwaves from 1 to
20 minutes before planting wlith unexposed controls. The results
have been considerably complex because of mult.ple conditions of
exposure, énd the results have been shown to be quite dependent
on the exposure condition, but we have convincing evidence that
microwave exposure influences germinatlon time and growth rate,

A prime example has been the 20-minute exposure of 50 radish seeds,
compared to 50.control seeds, After a latent period of 18 hours,

36 of the exposed seeds had opened as compared with 18 of the
control group. We do not know whether there is an athermal com-
ponent in this action, but our evidence indicates a definite ther-
mal component as a contribuiing factor. Our experimental conditious
d1d not prevent the thermogenic function.

Microwave Induced Pathology in the Rat

These studles have covered a two-year period, and include
exposures to 2450 and 10,000 megacycles. Irradiations have been
nf two types: (11 exposures using field magnitudes of sufficient
intensity to be lethal in 15 to 20 mlnutes, and (25 10 to 20 repeated
exposures of 25 mw/cm? which were sub-lethal, but which created
progressive accunulative pachology in the various body organs.
The body organs which have been studled include the brain, lungs,
heart, liver, kidney, intestlnes, testes, and muscles. Organs
have been studied grnssly and histologieally Various pathologic

alterations have been found in all of the organs under study. The
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Most prominent overt differences between the two types of studies
was that the acute (1) serles revealed hyperemia, congestion and
vascular rupture, whereas the chronic series (°) demonstrated
progressive fibrosis.

The results of the acute series are sufficiently similar to
evidence reported by Dr. Hartman resulting from hyperpyrexia with
concomitant anoxtia that we would be willing to concede that these
variables must contribute to our pathologic effects; espscially
in the acute exposure conditions. However, we heve observed more
vascular engorgement and vessel rupture in this situation, and in
our chronic series fibrosis is definitely more prominent. We he-
llieve that our studles described below may explain some of these
differences.

rterial and Venous Pressure Changes in the Rat During [licrowave
Expcsure

Tnese observations using 2450 megacycle microwaves have
utilized fleld densities of 70O mw/cm2 and above, to result in a
15-minute lethal exposure time to the animals, Arterial pressures
were measured in the femoral artery, and venous pressures were
measured in the right antrium via venous catheterization, This
study is still in progress.

After initiation of the irradiation, the right atrlal
pressure started rising within 2 minutes. From the second ninute
to fifteenth minute (death) the atrial pressure rose progressively
up to 8 sm. of water pressure, Our group dces not consider this
total period of pressure rise to be a representation of dysfunction,
put oaly the latter portlon of the period between about the tenth to
the fifteenth minute, It 1s my opinion that the first 10 minutes

represents a combination of increased cardiac output and vasodila-
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tation of peripheral arterioles. We would like to know if we can
talte the animals up to a point and then reverse the cardio-vascular
system, as far as dysfunction is concerned.

The arterial pressurc was progressively elevated after the
first minute of exposure to twice its normal value within 5 minutes.
It was maintained at this high arterial level from the fifth to the
tenth minute of exposure, whereupon it began a precipitous decline
to the end of the fifteenth minute (death), At this point it
reached 15 mm, of Hg. Within 3 minutes after death, the arterial
and atrial pressures were equalized,

Respiratory impairment observably began by the seventh minute.
Serious dyspneic (labored breathing) distress was apparent from
the tenth to twelfth minute, and respiration stopped at the
thirteenth minute, The cardiac action continued to the end of the
fifteenth minute, at which point action ceased.

As a result of theae studies, it is my tentative opinion that
the cause of terminal death from excessive microwave exposure is
soniewhat more complex than previously supposed., Serious impalrment
of both respiratory and cardio-vascular functions is involved. This
work has been so frultful that it will be continued until these

relationships are better understood.




REVIES OF THE WORK CONDUCTED AT THE UNIVERSITY OF ROCHESTER
Tha Biological Effects of ﬁicrow&ve Irradiation in the Dog
By
S. Michaelson, R. Dundero, J. W. Howland
With the technical assistance of
K. Mahoney, L. Miller, & R. Thomson
University of Rochester

This project is a cooperative effort bet.een the lledical Division
of the University of Rochester Atomic Energy Projeoct and Colonel Knauf's
group at Griffiss Air Force Base,

Our initial plans, on an essentially practical basis, are to
simulate 4n large laboratory animals the maximum potential exposure to
which a human being could accidentally ba subjected, as well as to de~
tect and characterize possible d-naging effects of an acute or chronic
nature, From this information . is hoped to establish a safe exposure
level for personnel working with microwave genarators.

The source of r-f power is a radar set Al/iIPS-1l4 operating at a
frequency of 2800 .egacycles and producing in excess of 2000 watts of
average poJer. The pulse type emission utilizes a 2 microsecond pulse
width and a 360/sez pulse repetition frequency. The power densities
available in the expoture chamber vary between the limits of 1.2 watts/
2

em* £o less than 50 milliwatts/cr? depending upon distanze from.the

artennas In order to estimate the power distribution across the animalt's
body, contour linss of equal intensity have been measured and are pre-
sented in chart form. Analysis of thc graphs indisates o relatively

uniform field across the animalt's body with the energy at the periphery
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differing by less than 20 per cent from that at the center. Because

of the intense r-f fields existing in the chamber it is inpractical to
perforn neasurements under high power conditions; therefore, a syatem
has been devised whereby the power density at an arbitraty distance
frou the antenna is related to the power fed to the antenna, This
procedure will be more fully explained when the group visits the Verona
Test Site.

In order to sinplify the determination of the power density and
aid in the interpretation of data a microwave "free space" room was co.=
structed for animal exposures. The exposure roon, approximately 7' x
7' x 15', is lined with comwmercial microwave absorbing material. Accorde
ing to the absorbing material manufacturer, a maximum of 2 per cent of
the energy will be reflected from the surface of the absorber. Under
tnese conditions it is felt that we have approxinately a "free field"
for all practical purposes.

Those of you who have subjected animals to the power densities
of the magnitude we are using are aware of the problems encountored in
restraining animals (especially dogs). Although many workers in this
field restrain their animals by utilizing general anesthetics or tran-
quilizers, we in Rochester have always avoided such premedication in
ionizing radiation studies because of the physiologic changes induced
1n the animals. In our opinion t'e avoidance of such premedication is
especially indicated in r-f exposure because of the hypothermic effect
produced by anestnetics such as Pentobarbital and tranquilizers such
as Chlorpromazine. Figure 1l includes data obtained on animals recesive

ing such medication in our laboratury. It is quite obvious that both
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Figure 1

RECTAL TE.IPERATURE RESPONSE OF DOGS INJECTED WITH
CHLORPRO:AZINIE OR SODIUI{ PENTOBARBITAL

Change in Degrees Fahrenheit from Pre-Injection Tempergture
Minutes
After Chlorgromazine 5 1!51\!/ ks la Pentobarbital

Injection i.me 1o feme i.v. 39-31 kg 1.ve
5 =045

10 -1.0

15 0.5

20 «1,0

25 ~0.5 N

30 «1.5 =245 «2.0
35 =25

40 =245

L5 -3.0

50 2345 =2.5

55 ~3.0 ~2.0

50 =30

55 =3+0

80 -0e5

90 . “b4s0 =4O
180 -645 =70
800 =645 -3.0
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4
Shlorpronazine and Pentobarbital result in a hypothermia of significant

duration.

Initial attempts were made co expose untreated animals in a
nylon siing. (Figure 2). This proved impossible because as soon as
the aniial responded to *ncreasea power densities he began to struggle
for release frou the sling. It was felt that such séruggling intro-
duced a physiologic picture which would tend to alter the r-f response.
At the present tiie an all plexi-glass caZe is being used in the ex-
posure of animals (Figure 3). This material has been chosen for its
rood dielectric properties and structural strengths Preliminary measuree
uwents on the care indicate excellent transmissibility through the struce
ture with a tolerable distortion of the field due to defraction. The
cage has proven to be anm effoctive solution to the restraint problem
because not only can the dog move about freely but his actions are also
easily observed and recorded.

Before presenting our results to date, we should like to interject
a vord of caution in interpreting these data. e 1ust emphasize that
these are prelimnary fiadin:e and nay be altered by future exporiences.

Briefly, our procedure in carryin~ out these exposures is as follovs:
After prelininary standavﬂiz?txon and training, riongrel dogs of compar=
able size from our colony i; Rochester are transported weerly to the
Verona Test Site in a station wagon, rested overnicht, cxposed, and
returned to Rochester in the evening,

Dogs are exposed at three uensities at different tiwe intervals
and durations. Jhile the aninal is beins exposed his response is obe

served and recorded. Upor conpletion of the exposure clinical tests
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are performed and compared with the observations obtained imeediately
prior to the exposure,

Those animals which are expused are tested before placement in
the cage. They are kept in the cage for 15 minutes to become adjuste
ed during which time rectal temperature determinations ;re nade at 5
ninute intervals. Tewperatures are recorded by using a model PSB Tri-r
electronic thermometer, If there iu no variation in tomperaturs, ex-
posure is started, Immediately after the prascribed exposure time,
torperaturss are obtained which in all cases requirs no .ore than 27
secoads after interruption of the power, DBlood for liematologic exarine
ation i3 obtained frow the jugular vein and venipunctucs is accomplish-
ed within one minute after interruption of the power. After removal of
the dog from the cage he is observed for obvious physiologic changas
such as general appearance, alterations in gait, and desira and ability
to drink water. At regular time intsrvals rectal temperature recordings
are made to characterize the recovery pattern of the doge

The next two figures (4, 5) swararize our results co date. The
controls are dogs which are put in the cage, kept there for 75 minutes
with the power off. Clinical determinations are made in the sane
manner as those in the exposed dogs.

3ince the exposed animals quite often display consiéerable agita-
tion and nwuscular activity, it is desirable in choosing control aniials
to use both active and placid dogs in an alternating fashion. The
inportance of this can readily be appreciated when it is noted that the
active control dog dispiays a slight tewuperature rise, drop in heuato-

crit, and possible increase in reticulocyte count. These findings are
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Figure &

PAYSIOLOGIC GHANGES INDUCED IN MOGS
EXPOSED TO MICROWAVES

LXposure

0 min. 6 fneten~-
* 90 min. . WBC WBC Hgd, tion
#% 120 win, Response Temp.(F) Hets X 10° 4 Reti-, gms (15 min)
Controls

080 v
O=. Active +0,5¢ «4e0 =145 =13 40,4 None

F14,0
5-5% Quiet None None =06 -8 0,5
7= Quiat =045 -1 +0445 «0,2 lions 7
Low Powe -
(A5mw/cm§)

- None None -5 =095 = 9
5«23 None None «6 «1.90 <15
5m28 None None =245 1,05 - 8 None
6«5 None +1.5¢ +1,55 +16 None
5-11 None =1,0¢ =3.5 40,90 +10 None
Iigdium

ower
0.00mw/m?)

#L,051

- None +245¢ “le5 =285 <21
6«5 None None =5.5 =l.4 =12 None
Beallhn None +1,5¢ «2,5 +8,5 + 8 None
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consistent with those obtained after increased muscular activity.

As indicated on Figure 4, dogs exposed at the low and medium power
level do not exhibit any marked changes as evidenced by the tests which
wvere performed, Those changes which ars recorded cannot be differen~
tiated from those which could be dus to muscular activity.

The next figure (5) indicates the response manifested by dogs
exposed to the high power level, It i3 here that we see evidence of
the radio-frequency effect. Our present interpretation of these
effects would be that we are seeing a response to a thermal bypé of
iusults In those cases where the response is designated as "marked,"
tie dog exhibits signs of agitation, increased panting, and consider-
able moveient, although for some reason the animal continues to face
the horn. The temperature increases shown are those increases from
the imnediate pre-exposure level. All are obtained within 20 seccnds
of' interruption of the exposure while the animal is still in the cage
The henatologic changes such as increased hematocrit ma}'be indicative
of a hetoconcentration or decreased blood volume congistent with the
physiologic response to thermal exposure. The reticulocyte increase,
althouzh slight, seems to appear only in the dogs exposed at the high
poJer level with no changes observed in the medium or low power level.
Tins cnauge nay be a redis:ribution phenomenon, although the possibil-
ity exists that a mild hematopoietic stimulation may occur. The hemoe
~lobin inzrcase umay relate to a hemoconcentratirn effect from a shift
in water balance.

After the first faw exposures it was further noted vhat cie dogs

sxnibit considerable vasodilation as evidenced Ly reddening of the light
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ably applics to somewhat longer times of exposure., The short exposure
whole body value of Ely.and Goldman was intended to apply %o times
rneasured in ninutes rather than seconds.

Findings

Examination of the field strengths determined by measurement promptly
disclosas that the only fields which were significant in terms of the
suggested permissible levels were thosevfrom the AN/APS=20E airborme
radar while the aircraft was on the flight deck, radiaving with a
stationa.y antenna. The values were li mw/cm? at 25 feet and 70 rw/cm®
at 18 feet, Snmewhat, although not greatly higher values would be ex-
pected at closer range. Standard opsrating procedure for this radar
calls for use of a dwamy load until the unit is airborne, and rotation
or sectoring of the antenna when radiating. The test conditions were
artificial and field strengths of this magnitude would not be exnected
under normal operation,

All other neasured fields were very low. With the exception of the
APS-20, the only higher power radar antenna were high above flight deck
level on the island structure. Personnel exposures close to these antennas
would be unlikely or almost impossible due to their location, and the
environmental hazard due *o stack gas would probably be overriding in
any case.

Conclusion

It is concluded that personnel damage from RF fields alboard the U.S5.S.
Forrestal would be extremely u-likely, and could result only from an ine
probable combination of unfortinate events, deviations from the standard

cpcrating procedure, and intent.
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Figure 5

PHYSIOLOGIC CHANGES INDUCED IN DJGS .
EXPOSED TO }MICROVWAVES

sxposure
60 min,
* 90 min,

WBC 3 WBC
% 120 min, Response Temp.(F} Het. X 10 5 Retis, gm% (15 min)

igh Powe
16514/ cm

ALY
523

_Change Trom Pre-kxposure Value B.SEP.
» Retaen~

Hgb. tion

Prostrate +8° +ly =Le25 <24
tarked +2° +0,5 =03 - b
Marked +3° +1 -0.2 ~20 +02
larked +3.5% +3 20 - 245 10,2

tlarked +2.,5¢ +7 +1.05 +10 40,1

Harked +4® +545 +he3 ¥ T3 40.2 42,5 13
‘;a!‘ (] +3,5¢ +5, 5 =1,8 '27 +240
liarke +4,0® +340  ze5 None None 20
ifarked +3.5¢ +7 <245 =19 =0,1 +2.5 18
tarked +5,5° +10, 0 +35
ilarked +545° 49,5 1,6 +0s1  +1¢5 720
Jarged +3° -1 <0,50 =5 40,1  +1l.5
siarked +5.5° +0,5 «0,30 -3 +1.0
farked +5,0° +1,5 <1,05 =02 None
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colored and hairless areas of the body. There is considerable conges-
tion of‘the buccal wucosa and ocular canjunctiva. The corneal and
retinal vessels appear quite dilated, The increased bromsulphalein
rcce§tion ray be indicative of an hepatic congestion associated with
the general vascdilation and slowing of vhe blood flow. In the one
instance in which the dog became prostrate, typical signs of heat
exhaustion or heat stroke developed. The animal displayed marked pant=
ing vith zradual onset of respiratory distress. \leakness developed to
complete prostration at the end of the one hour exposure. Upon remove
al from the cage the animal remained quiet but after two or three
minutes started walking with a staggering galt, marked weakneés. and

a staring expressions This disruption of equilibrium was severe as
evidenced by the animal actually walking into objects., Vater was re-

fused when offered, Gradual recovéry occurred over the next three »

hours. ’

Repeat exposures of this animal at weelkly intervals produced a -
less profound effect in both signs and temperature eleyation. This
nigat suggest that a tolerance to the exposure is developing. ‘hether
such "tolerance ié response is a real effect or related to the nornal
variation of the animal is yet undeternined.

In general it was not.i that the more marked the response to the
exposure, the less willing was the dog to drink water when offered.
This parallels other observations ou ieaz cxheustion in both animals
and ale

After cessation of the esposure, rectal tenderaturcs were ovtain- ¢

ed on the dogs at frequent intorvals to determine the recovery rate.
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Figure 6 indicates the thermal recovery rate amonz the exposed animals
. a? the various power levels., Additional data obtained since this
curve was drawn seens to make the curve a little more sigmoid. The
fall during the first 5 minutes after exposure is slow with rapid drop
over the next 25 minutes at which time most dogs return to their pre-
exposure level. Frow then on there is a slight but definite decrease
in temperatura below the pre-exposure level.

Upon return to Rochester between 4 and 12 hours after exposure
all the aninmals to date have shown normal body temperatures s well as
normal appetite. ‘

One incidental finding which might be of interest occurred when
one or the exposed dogs showed signs of oescrus‘nb the same time’ that
a control dog came into heat,

Coincidentally with our iain objective, it was of interest to
compare the response of the tranquilized dog with a normal dog, since
tranquilization might enhance ths haszard to microwave exposure, Two
dogs were utilized and premediated with Chlorpromaxine one hour before
exposure in the r-f field in a Ycross over fashionj®" in other ﬁords,
dog 1 was prenediated while dcé 2 revained untreated, on she following
week dog 2 was premedicated while dog 1 remained untreated, Figure 7
indicates the respons. in these two dogs. On the surface it would
appear that the tranquilized dog did show a more marked response to
the microvave exposure than did the untreated dog. This presents evi- -
dence toward contraindicating the use of premedication in dogs exposed

to the rédiofreqﬁency field,
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Figure 7 . :o
RESPONSZ 'OF TRANQUILIZED DOGS TOMICROWAVE EXPCSURE -

Untreated Treated

Response Test . - .
" Dog
- 1 - 2- Py - ¥
General 3 ninimal marked
Response 11 slight minimal
111 marked | rarked

Rectal 1 + 2.0 + 6.0
Temperature 11 + LS + 40
Change 111 + 340 + 7.0.
(*F)
Hematocrit 1 -1,0 = " + 3.5
Change 1l + 0o + b5

In summary, when dogs are placid in an r-f field of sufficient
intensity, immediate and post expusui'é rosponses resemble those of a
thermal insult and appear to be entirely transient with complét.e re=
covery, Although sufficient time may not have eirapsed, no latent or

L residual effocts of m’ ‘rowave exposure have b.een'de’monstrated wich‘

present methods of measurement upon repeated examination.

In conclusion, we must again emphasize that the resuiia presented
today are quite prelininary and too nuch iuportance should not be plac-
ed upon tnem at this time for the purpose of determining the maximun

pernissible exposure.
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fhe‘Rochesﬁéf-Rohe,g;Qup would be-very willing to .consider -recom-~
mendations .for .further tests which it may-be.in a:position to.perform

in order to elicidate the phystologic i‘egponse~~o£ the dog to radiofre-

quency exposure.
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REVIEW OF THE WCRK CONDUCTED AT UNIVERSITY OF BUFFALO
Studies on the Bilological Effects of 200 Megacycles
by
C. Addington, F, Fischer, R. Neubauer, C. Osborn,
Z. Sarkees and G. Swartz
The University of Buffalo
PART I
Electrical Pacilities and Instrumentation
for the 200 M¢ Frequency Employed
Since the wavelength at 200 mc is 1.5 meters, antennas,
anichole chambers, absorbing materilals, and active spaces in
general must be relatively large,
TRANSMITTER I

The first transmitter employed in the University of Buffalo
facility was a pulsed one; Model SCR 62TA, 200 me, 5-microsecond
pufae width, 800-cps repetition réte, peak antenna input power
75-110 Kkw, and average antenna input power 300-450 watts,

The anechoic chamber consisted of a sheet metal enclosed
room; the metal is fastened to a wooden structure, the total
extericr dimensions being 23 £t, long x 10 ft, wide x 9 £, high,
Echosorb, consisting of pyramidal shapes with a non-absorptive
top slab, with a t. ‘al depth of 19 inches, lined the interior of
the chamber, Suitable openings, similarly protected by moving
doors, allowed entrance to and exit from the enclosure, A
blower ventilated the enclosed facility.

A folded dipole and 90°-corner reflector assembly was used
as an antenna which was polarized in the horizontal direction,

The transmission line was a parallel pair, balanced to ground,

189




The transmitter was located in the anechoic chamber,

ilost of the blological specimens were exposed in a region
where the peak power depnsity was 0,05 vatt/em2,

This chamber, although delivering toco low a value of power
densi., ror thermal effects, dis gilve the group excellent testing
time for the possible existence of athermal effects, as well as
an cpportunity for perfecting field measuring techniques on a
point by point basis,

The need for a new facility with higher power density became
apparent. ‘ —
TRANSMITTER II

The rsw anechoic chamber is 42 ft, long x 10 ft. wide x 9 ft.
high and lined with Echosorb as before, A TTLJ)AH R.C,A., television
transmitter (visual portion)~with 6 kw continuous wave input .o the
antenna was procured. An end fire helical antenna was designed
which was fed by a 3-1/8-inch coaxial line from the transmitter,
The helix consisted of 5 turns, possessed a T2€-inch length and a
22-inch mean diameter, A 6 ft, x 6 ft. ground plane was employed.
The fransmitter was located in an adjacent room,

A range of average power density {gpm 0.6 watt/cm2 to 0,015
wapt/bme has been observe. by mereiy moving along the long axis
of the chamber, The range can be extended still further at each
end although the high power densities referred to are in the near
field including the induction fields,

INSTRUMENTATION

(a) Field Strengtn
Field strength measurements are taken essentially at a point

190




in air by a small non-resonant dipole or loop iq a calivbrated
system involving transmission line, baluns, attenuators, crystal
detectors and output devices, If a continuous wave is monitored,
a d-¢c galvanometer is a sultalle output device. A Tekbtronix sccpé
and an envelope detector work well with pulses. A Stvoddart{ RI-FI
meter model NMA-5A serves as a secondary standard to calibrate the
detector system against (exclusive of antenna and transmission
lines) when this system is energized directly by some driving
point oscillator, The Stoddart meter could sever be usel directly
in the electromagnefic field or in the external leakage field
because of the penetration of these strong fields into the instru-
ment, Once the detector system is calibrated, the small loop or
dipole may be compared against the resonant antenna supplied with
the Stoddart iastrument, but used with the detecting system when
each receiving antenna is immersed in the same macroscopic far
field of some separately excited aﬂéenna. The entire system can
thus be calibrated with any special attenuator settings possessing
their oun individual calibrations,

The foregoing system works very well in the far field of an
antenna to be measured since points of zero electric field intensity
can be found for th. lead-in wire, In the near field, the amplitude
of the various components of the E vector (with dipole) and K vector
{with loop) can be, measured essentially at.a point within the limits
of fidd distortion caused by the lead~-in wires.

When the sampling dipole or loop is immersed in a specimen, the
caltbration is not necessarily the same as when the sampling probe

is In air. By experimentally measuring the sampling antenna
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impedané; wich ;aidrggéeﬁg; in bh;n;;;choic chamber imée;séd first in
air and then in the specimen: corrective constants can be appliéd to
the air calibration.

It is believed that the actual field intensities at a point are
more neaningful parameters than the free space power densities,

(b) I¢ _2rature Measurements,

Tempe ve measurements are made with thermocouples and thermis-
tors, "F on" measurements are made with the lead-in wires ~
irmersed in a minimum electric field region. The thermoccuple lead
wires are also twisted as they anter the specimen at which point
radio-frequency chokes are formed with the wires. Shielﬁs ars

employed the remaining distance to the recorder. When in the near

' field, if rf pickup is still a disturbance, a final accounting of .‘ .

. error is resolved with cooling curves where two tims constants are ':
displayed. A short one represents the thermal probe and ite immediate s
environs o: specimen. The long one represents the a portion of the °
specimen in a much larger region sampled by the probe., The minimum '

requirement is that the thermal increment of temperature due to the

probe and immediate environs must be subtracted out, or the temperature

must be read when this thermal transient has died away. This does not
account for the general temperature rise of the larger region sampled

by the probe and due to che probe, Many times it is neglected or

rightfilly considered a temperature, producing tlermal effects.

Plotting the thermal transient logarithmically will allow one to read- .
what would have happened if no probe had been present and is a.last ¢

resort method if such information is considered necessary. o
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PART II
“dphthalmoldgical Studies”

This 18 a review of the ophthalmological portion of the work
being done at the University of Buffalo in the 200 megacycle band.
Results of our earlier experiments have been presented at the last
conference of investigators in the Spring of this year., These
results will now be presented in brief summary for your considera-‘
tion, You have been aﬁpraised of the power intensities avallable
by Dr, Fisher in both our original and :nore recent studies,

Our low power experiments were carried out using a machine
glving peak emanations of 0,04 watt/mer sq. cm., with an ave?gge
level of about 1l/2suvh of this power. These studies cover a nine
month pericd beginning in August 1957, Our original work was done
on mice. These mammals were chosen because of the advantage of .
comparing large ;umbersxwhich would be technically difficult if
larger animals such as dogs or sheap were cmployed., We also inew

that there were a number of  inbred stralns available with inown

characteristics and known hereditary patterns, The ease of handling

and housing mice 1s, of course, quite obvious as compared to larger
animals, In additio.. we though that the use of these smaller
mammals would allow us to interpret more guickly the long term
occular problems which might be involved, From our knowledge of
the course of events in human teings, il 1is not unﬁsual to find
cataracts developing ten, twenty, thirty or even rifty yeafs
following an original injury, This 1s such a well established

principal that 1f a person presents himself with a monocular cata-
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ract and a perfectly normal lens on the opposite eye, we are
forced to draw the conclusion that the cataract eye had been
snjured at some time in the past cven if a history n~f such injury
is Aot available, '

Ve also had at our dicpesal a limited number of guinea pigs
for estimation of results in animals with larger body size,

A1l of our observavions were made with the slit lamp. e do
not feel that the ophthalloscope or the hand slit lamp is adequate
especially in smaller anamals, Opacities might be resognized with
these instruments but their depth in the lens would be difficult
to ascertain, In addition, we’felt that ninimal orv early lens
chunges might be missed if adequate magnification was not used,

Both white and brown colored mice were used in these experi-
nents,  The mice were placed in plastic tubes and rotated on turn-
tables 4 feet from the antenna, In this manner, 7 groups of mise
were exposed to our avallable radiation at the following inter-
vals: Group I, five minutes per day five times a week for a total
of' 550 minutes; Group II, ten minutes per day five ’...'es per week
for a total of 1000 miuaies; Group IIE, twenty minutes per day
five times a weex rog a total of 1800 minutes; Group IV, sixty
minutes per day five day. a veek for a total of 4200 minutes;
Growp V, 8ixty minutes per day five times a weei for a total of
4500 min&tes. A second cxperiment was carried out with the mlce
at 18 inches from the antenna. A group of white mice were exposed
in this manner five minutes a day five days a uweek for a total of
1.0 ninutes; a second group of broun nice were exposed five minutes

per da§ five days a vceck for a total of 180 minutes; and a third
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group of brown mice were exposed 20 minutes a day five days a week
for a total -of 180 minutes. Two.groupg. of brown mice were then. -
exposed at 18 inchee and 30 inches from the antunna for a tetal or

135 minutes respectively at one continuous exposure, A group of
guinea pigs was exposed at 4 feet from the antenna 90 minutes per

day five days per week for a total of 27,000 minutes, These exporures
have been logged in minutes foryour convenience in comparison with
the results obtained by other investigators using. different wave
lengths,

RESULTS

1. No clear cut evidence of lens changes were found,

2, We have had a few instances of minimal changes in our
longest exposures, These consisted of "banding" in the posterior
and anterlor cortex as described by Dr, Carpenter, Howe;er, these
changes were evanescent and not consistent, Eventually these
groups did not differ materially from the normal aging process in
the  controls.

3. We have had no incidence ol the classical posterior sub-
capsular cataract formation characteristic of heat cataract e¢r any
cvidence of the posterior subcapsular toxic type of response similar
to that seen in diabeu's or other endocrine disfunction,

4, There were no changes in the body temperature in any of
these experiments.

We now proceed to an evaluation of our results to date in a
new phase of our woric enploying a €, W. transnitter with a power
density at 10-rdet of 0.04 watt/em® and at 2 fect of 0,60 watt)cme.

Using this new apparatus ire have to date performed the rYollowing
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experiments; mice have been exposed at five and thirty-minute
intervals at 10 feet from the antenna, guine: pigs at five, ten
and sixty-minute intervals at 1C feet from the antenna, guinea
pigs from two to four hours continuously at two fee¢t from the
anteuna, -

In all of these groups we have not seen any ocular changes
80 far. The body temperature of mice did not exceed 30 fahren-
heit over that of the normal. The body temperature of the
guinea pigs. rose in some instances to 1070 fahrenhelt when the
animals were placed two feet from the an%enna. -

We are not prepared to report on our iesults in larger
animals, e,g. dogs.
CONCLUSIONS

1, Ehere have been no consistent ocular changes of+ any kind
in any of our experiments at the 2Q0 megacycle range.

2, We are not as-yet in a position to evaluate any long
term effects on the, ocular apparatus which might possibly be

asgociated with microwave radiation.
PART IIT

You have heard something of our problems and progress con-

cerned with transmission, vower density measurement, temperature

instrumentation, and observations which have been made in connection
with our studies ‘on the eye, This section represents a truly pre-
liminarv report on a variety of other studie3 we have initiated
using particulariy biolopical organisms other than mammals,

For a considerable period of time, early in our work (while
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our trancmitter was still producing pulsed waves at a very low

intensity), a number 5? tests on a variety of simple and readily

. obtainable organisms were carried out in an effort to discover

whether one might locate an organism which would be readily and
dependably effected by irradiation at this wave length, If such -
a thing as an LDy, or a marked change in growth rate, a substantial
change in the population density of a culture of micro-organisms,
ete,, could be identified which could be used dependably as a
biclogical unit, much as is dune in pharmacology and endocrinclogy,
it was felt that a unit of real value might emerge which could ue
used in  s¢ctical situations such as Dr. Vosburgh of the General
Electric 'mpany nas already referred to,

Among the organisms cxposed to 200 me irradiation at time
intervals varying from one minute to one hour and at field intensities
not esxtceeding 0,04 or 0,05 watt/cm2 were several protozonas including
amoebae, paramecia; some worms including the vinegar cecl; certain
beetles and flies; and on the botanical side, cultures of bacteria
and fungi at the time intervals employed and the low power densities
avallable, We did not identify any reliable response among organisms
tested which we felt could be employed as a‘biological unit., It is
our opinion, however, that this objective remains an important one,
and as soon as the opportunity permits, we intend to return to this
part of the project using higher field intensities and longer periods
of time, if necessary.

Hext, we have attempted to learn whether radio frequency irradia-
tion at 200 mc has effects upon the fertility, differentiation, and

proliferation of embryonic materials, Accordingly, we have irradiated
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fertile hens' eggs at a varigty of time intervals varying from one to
seventy-two hours in specific experiments and changing the timé‘of
irradiation in such a manner that in certain exper.ments all of

the irradiation was carried.out before incubation, in others all

of the irradiation occurred after 72 or 96 hours incubation, while
still others, the irradiation took place at an intermediate time
after part of the incubation had been accomplished and followed by
sufficiently mopre incubation to add up to a total of 72 or 96 hours
of incubatlon, To date approximately two hundred dozen eggs have
been used and the following lcinds of observations recorded: (1) the
general appearance of the embryo (size, shape, stage of development,
etc. ), (2) percentage of sterility, (3) diameter of the blastoderm
taken in line with the umbellical mesenteric vein (at right angles
to the long axis of the embryo), (4) crown rump length, (5) rate

of heatbeat at a standard temperature, and {6) scgmentation of the
brain, appearance of the limb buds, appearance and size of the
allantois and certain other oggans particulsrily observed in

embryos which had been subjected to longer periods of incubations.
During these studies we have encountered a number of interesting and
we think somewhat unusual developments, but in view of the fact that
it is difficult to deter. ine from our experience and from the
literature how often some of the slight atypical developments we
have seen may cccur in eggs not subjected to radio frequencies, we
are not convinced that 200 mc has any unif<rm and dependable effects
on the early stages of embryonic development in the chick. The fre-
quency of variations in thé coatrols was essentially the same as

that referred to in the irradiated eggs above.
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We are at the present time in thg midst of -an experiment in.
which we are irradiating and incubating eggs concurrently.- -We:
believe this may be a critical experiment anc await the resuits
with great interest.

Some 'of our previous w&rk suggested to us the advisability of
making temperature studies in mammals of different sizes, It
seemed not unlikely that.much of the energy at this wave length
might pass all the way through the body of small animals such as
mice or rats, with very little absorption taking place which pre-
sumably could have such effects as temperature elevation and
possibly other effects not related to temperatu;e. On the other
hand, larger animals such as perhaps guinea pigs or rabbits might

R be expected to absorb more of the energy and therefore a greater
change in temparature or other effects be observable, Still
further, if one i1s to consider a larger mammsl such as a dog or
perhaps a man, it might be reasoned that less of the en;rgy would
pass all the way through and out the other side, but more would
be absorbed to produce whatever effects are possible,

Accordingly, mice weighiné 35 to 45 grams were irradiated
forperiods of six hours at 0.6 watt/cm2 intensity. Temperature
studies cevealed tha ' body temperatures in the range of 1040 to
163° could be reached and thut a weight loss of approximately 2
grams per animal occurred but we have had no deaths to date among
tnese aninals., As a representation of a somewhat larger mammal, -.
we used xgvinea pigs of small size (1 - 2 pounds) and larger sizes
(2 pounds and over) which we irradiated in front of our helical

antenna for perious of four hours at a field iatensity averaging
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0.6 watt/cha. Leetal temperaturcs were {aken at intervals and veve
fovn¢ to ascend as high as 106° - 1¢7°, In ouc instince “he tsmpera-
ture was recorded beycnd the calib?&ted limits of an :;dinary - ‘
rectal thermometer and was judged %o ve ugproximately 109°, ,
Incidently, this aniinal was the largest of (he gulhiea piss

irradiated and succumied approximately 3 hour 45 minutes alter the
irradiation period, This is the only aninal in ?his size group wnich ..
ue huve lost to date, :

To represent a larger size group, we selected a 47-pound dog
waich was irradiated one hour under nembutal anesthesia .at
approximnately five feet from the antenna. At this point the field
intensity was 0,05 - 0,06 watt/em2, At the end of one hour this
animal's rectal temperature exceeded 1109, The irradiation was
terminated and the dog died approximately 35 minutes after the
irradiation period,

Feeling that it was advisable to try to learn more abcut tﬁe .
heat and penetration characteristics of 200 m¢ in animal tissues,
it was decided to pursue such work temporarily with non-living
masses of flesh (in order to obtain such information we selected
a 60-pound mass of horse meat in a single pilece which dimensions
were roughly comparable to the cross section of the largest part
of a man's torso), This was solid muscle uith a small amount of
superficial or subcutansous rat‘adhering to it and with a segment
of upper femur running through it, This mass was suspended at
approximately two feet from the antenna where the field intensity
was 0,6 watb/cme. Irradiation was continued for eleven hours and
temperatures were taken at frequent intervals using thermometers, H

The highest temperature recorded in the muscular tissue was 84,59C.
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on the front aspect toward the antenna approximately one inch below

the surface., Higher temperatures were recorded in the bone but in

view of the fact that we doubted the dependabillity of the @hermo—
meter, we ran experiments in which Iresh femurs were suspended for
irradiation at a position comparable to that described above, The
marrow of these hones was observéd to heat up disproportionately
fast and before an hour had elapsed, the front portion of the
marrow was observed to be boiling and temperatures well over 1000c,
were recorded.

Briefly, we may swmarize all findings to date by in icac}ng:
(1) 200 me iz found vo be an ecxtremely difficult range in which to
wori experimentally both from the point of view of instrumentation
and from the point of view of gaining depeﬁdable and consistent
biological effeets, (2) To date we are not convinced that effects
have been detected in the varigus test organisms used which can be
attributed to anything other than temperature, It will be possible
to keep In mind that the vast majority of our work was done at
extremely low power intensities and that we are only getting a
good start uith our new transmitter at substantially higher pouer
densities. We are wjoying the close collghoration of enginee{§
and biciogists and believe that by coordinated planning we may b;

able to provide some information which may prove of reql value.
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REVIE{ OF THE WORX CONDUCTED AT TULANE UNIVERSITY-

Investigations of the Biological Effects
of iiicrowave Irradiation*

By .
. Robert T. Nieset, Rene Baus, Jr.,
§§3§§°s?';x§3§2feﬁasi§i1‘6? Tk b
1.0 INTRODUCTION

The investigation carried on under the Biophysics Program of Tulane
University to de;ermine the blological effects of microwave irradiation
has consistod of two different approaches to the subject. The first
vas a purely physical astudy of the mechanism by which nlcrowave energy
is converted into hcat. To c?is,end the complex dielectric constants
of body tissues were measured and microwave scattering studies were
undertaken.

The second was the characterization of the physiological response
to microwave induced stress, and, in particular, the deternination of
the effects of microvave irradiaticn av 3 and 10 crie on small labora-
tory animals {e.g, CF-l wice). The following cffects of microwave

irradiation have been found.

2,0 HISTOLOGICAL STUDIE3

Histological evalugtions of the tissues of 270 mice that were
subjected to a wide varicty of radiation desages showed no significant
changes as compared to controls. Abnormalities appeared in both groups

with equal frequency. The mean values of hemoglobin concentration,

% This rosearch was supported by the OfTice of Naval Research under
.Contract Nonr-475(03) with the Biophysics Laboratory, Tulane University,
New Orleans, Louisiana.
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white blood cell, .and differential-white.cell:éount-did:not-vary from
-controls;. however, the:standard deviation:of these countsiwas.found to
‘be twice.as-great in the 'irradiated group; -in:fact, marked:extremes of

leucopenia- and ‘laucocytosis were:found 1naeﬁéxirradintod»gjoubxlnd only

in:that group: ‘After noting-the. lack:of:histological .responsesto micro=.

w;vo<irradiation, 4t was decidedntorabandon:thése.studies; however, the
library of tissue slides:accumulated' vo date:has-been-kept intact and
available-for:re-evaluation should additional.evidence indicate the

need for such:action.

3,0 EFFECTS OF 3 Cl AND 10 Gi{>MICROWAVE IRRADIATION:ON:BODY WEIGHT
Significant changes in body weight were.found .to.occur-ationg mice
that were subjected. to either acute: or chroni¢:irradiation.dosages.
.cm, Microwave
Irradiation of 90:mice with.a single:exposure6f .05220.watt-min/
o at an average ‘power ot‘0:06:watts/cm2 raised.their- intraperitoneal
(IP) temperature to:40+*C,(Figure 1), .and caused marksd lag.in growth

‘rate’ (when comparedcwith.controls).at.3.and 7 daysipost-irradiation.

The growth -rate-then becaieracceleratedrand surpassed:control values by
‘the=twentieth :day ‘post-irradiation. .
A secondogroup’ oa Lhmice:was-irradiated with:ia singlerexposure,
-0.0703wdtt3m1n/cm2.acrinaavora;a;powor?otso;oz'waufcn? « ardose which
-did -not:.elevate their-body:temperature.above:the normal 37-37.5° C.,
.and-their growth was: compared-with bothra.control.group-(18:mice) and
the 90rmice .previouslyrmentioned. ‘This.group:was: categorized as a

non-thérmal cffects group,
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FIG.1 EFFECT OF ACUTE IRRADIATION ON BODY WEIGHT -
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it appears {Figure 1) that the lesser dose caused an initial 5 per

cent lag in bedy weight, followed by a 7 per cent increase in total body
weight scume three weeks after irradiation,

Considering that the data from the non-thermally irradiateé.group
tended to fall along a curve similar in shape to that of the thermglly
irradiated group {that is, the first group which was raised from normal
hody temperature - 3750. to 40%C,) the response to a single dose does
not appear to be entirely a function of whether exposurs is accomplish-
ed with or without elevation of body temperature., Further, since a
greater grow{h lag and subsequent gain was seen with less than oneethird
the dose given the group, it is not believed that the magnitude of ex-
posure was the sole critical determinant with reapect to growth.

3.2 Effect of Multiple Intermittent 10 cm, Irradiation on Growth

. xulciple exposure to 10 cm, irradiation of 8.6 watt-min/cm? divided
into 432 doses resulted in an increase in the growth rate of mature mice
of from & to 6 per cent with a maintained increase in body weight above
tlat of the control animals (Figure 2). Older mice exhibited smaller
increases of approximately 2 per cent in body weight., Thus it would
appear that the effect of weight gain was somewhat dependent upon the
stage of growth of th~ experimental animal,

Multiple exposures to 3 cm. irradiation of 2.9 watt-min/cmz in 12
doges resulted in progressive lag in growth (Figure 3). It should be
noted that the total dose of 3 cm, irradiation is one-third that of
the 10 cm. group.

The increase in-weight of the 10 cm. irradiated group may repre-

N sent favorable gain in tissue mass and/or an increase in tissue fluid.
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FIG 2 - EFFECT OF 10 CM CHRONIC IRRADIATION
ON GROWTH OF CF-1 MICE
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The weight loss of the-3 :cm, irradiated group may also reflect changes

in tissue hydration and/or a réducéion in tissue mass. Wet weight and

dry weight tissue studies are being undertaken to decermine the role i.
played by metabolism and tissue hydration in effecting the change in

body weight.

e -

4.0 CIRCULATING AND TISSUE PLASIA VOLUME STUDIES OF ACUTE 3 Ci
IRRADIATION

Nembutalized, male, albino mice, weighing 18~20‘'grams were irrade
iated with 3 cm. microwaves ab'ewo dose levels. The greater dose was
at an average power of 0,060 watps/cm2 for 4 minutes, and the lesser
dose was 0,01k watts/cm? for 5 minutes, Human serum albumin labelled
with I-131 was employed as the plasma indicator, Tissue plasma volume
was calculated as the ratio of radioactivity per gran of tissue to the
radiocactivity per miililiter of plasma, Circulaying plasma volume was .
rmeasured by the dilution method.

Control animals were anesthetized and manipulated in a manner
identical with the experimental animals save for exposure to micro- ¢
waves,

Figure 4 shows the changes in circulating and tissue piasma
volume which result from a single dose of 3 cm. microwave irradiation
at two intensities, The c.anges in tissue plasma volume are plotted
as the per cent deviation from the control tissue volume expressed as
per cent of body weight., Each point represents the mcan of 12-15 in-

dependent animals.

E

In general, the alterations in tissue and circulating plasma

volums, following both dose intensities, were parallel, varying.only ¢
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FIG 4 - EFFECT OF ACUTE 3 CM IRRADIATION ON
TISSUE PLASMA VOLUME OF CF.1 MICE
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in order of magnitude. This general response is characterized by a
slight rise during the early post-irradiation perici, fo}lowed by a
return to or below rormal and then finally by a subsequent rise to or
above‘nonaal.

This alteration in circulating piasma volume’}ollowing high
irradiation with the larger dose did not differ significan’ from
those observed with less exposure, except in the magnitude <. the
early éecline. Both intensities of irradiation produced a subsequent
rise in circulating plasma volue reaching a level of about 7 per cent
acove control at 20 days posteirradiation,

The rise in plasma volume exhibited by some tissues concurrent
with' a4 decline in circulating volume during a period when total body
weight has declined sharply, suggests an alteration in tissue mass;
that is since tissue plasma vélume is expressed as volume of plasma per
unit weight of tissue, a reduction in tissue mass would create an

apparent incrcase in tissue plasma volune.

5,0 IEMBRANE STUDIES, PRELINIMNARY RESULTS

The possibility of celliular, extracellular volume changes occur-
ring as a result of microwave radiation suggested electrolyte disturbe
ances, either s a direct result of radiation, through heating effects,
or through hormonal mediation, The short circuited isolated membrane
preparation of Ussing and Zerhan (4) was invesiigated as a possible
approach to the study of membrane effocls. This preparation consists
of an isolated membrane in the case of frog skin interposed between
two lucite chanbers and bathed on both sides by circulating physic-

logical fluids., The experimental interest shown in the isolated
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frog skin arose from its activity as a source of biocelectric current
and potential brought about by its active transporting of sodium ion
across the skin from the outsiGe to the inside. 1his membrane trans-
ports sodium ion against both-x ‘concentration gradient and and electroe
chemical gradient, The transport is associated with electrical activity,
since the current measured in microamperas is equivalent to the sodium
transported as shown by radioisotope experiments (L4). AThese phenomena
are dopendent on oxidative mesabolism (5) and rmay be altered in magni-
tude by addition of carbon dioxide, drugs (6), and certain hormines
{7,8)s Skin from one side of the ventral midline of a frog served as
a control, skin from the other side of the same animal prior to the
assembly of the apparatus was irradiated with 3 cm, microwave radia=
tion for from 10 to 20 minutes at 0.042 watts/cm? as indicated in
Figure 5. The skin temperature averaged 30® C, with a brief maxima’of
34 C, Those skins which transported most éccively (as indicated by
the control half) had their transport greatly reduced as a result of
the 3 cm. microwave exposure; those skins which transported least
actively had their transport mechanism inhibited slightly, if at all,
In general, those skins.which showed a high transport activity were
"newer” skins in terms of the last molt, and perhaps their transport
activity, being greater, was more sensitive to environmental stimuli.,
The effect of heating the circulating ringers to 35° ¢. for 20
rinutes is illustrated for both control and irradiated preparation.
Evidently convective heat at this temperature stimulated but did not
result in subsequent inhibition of transport during its application.

The effect of posterior pituitary hormone (pitressen) is also illustra-

»
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ted which showed that the response to this hormone has not been ;ltorad
between control and experimental skias.

llore experiments of this nature are planned for the future in the
hope of finding the mechanism inhibited by 3 cm. microwave radiation
and in isolating the "protective™ mechanism presumed present in the
lass active skins. Since the frog is poikilothermal it is planned to
irradiate the isolated skins at low temperatures in order to isolate
the role played by heat in observed microwave effects.
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REVIEW OF THE WORK CONDUCTED AT THE UNIVERSITY OF MIAMI
vy
Dr. M. L. Keplinger

A. INSTRUMENTATION )

The studies at the University of Miami are conducted with a
pulsed magnetron with a frequency of approximately 2400 mc and a
very short wavelength of about 1,25 e¢m, Our peak power output is
40 %w but most of our animal experimentation and exposures have been
conducted with an average level of about 20 watts. We have facili-
ties for two separate operating units, two radar sets--one for
acute exposures which will be varied every day, and another for
chronic exposures, ’

The acute exposure: hamber consists of a shielded plywood box
41 8q, by 3t high, Its entire inner ‘Surface is lined with micro- ..._.
wave absorbent material (Eccosordb FRL 330). The floor surface is
covered with fiberglass matte and polyester resin to prevent con-
tamination and the scratching of animals, The waveguide of the
microwave generator enters the acute box through one side horigona
tally ncar che_top. It is terminated by a 90° bend and a 10db horn
radiator which direc.3’ microwave energy downward onto the test sub-
Jecé. One side of this enclosure serves as a hinged door which
when lowered complietely shields the ~hamber, making it suitable
for electroencephalography or other studies,

The chronic chamber consists of a room approximately 12! wide .
tv 241 iong by 83! high, 1Its entire inner surface (floor, ceiling

and walls) are lined with microwave absorbent material (Eccosorb
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FR 330). It is air conditioned and temperature controlled. We are

going to control hwmidity for animal exposuvres. For our chronic ex-

-

posures we have a turntable which is 8! in diametef, set'in the cen-

ten. of the room, It is powered by a ¥ hp: electric motor and rotates

at a speed of approximateiy 1 rpm, Six sector shaped cages which

occupy the surface of the turntable provide enclosure space for the ]

experimental animals, These cages are constructed of plywood and

) lined with microwave absorbent material (Eccosorb FRL 330). They

are 4! deep, 3! high and their sides subtend an arc of 60°, The

tops and fronts of these units are enclosed with corrugated 5/32"

thick Plexiglas. The inner bottom surfaces are covered with fiber-

glass ma%te and polyester resin, Irradiation of the experimental .

subjects will take place through the corrugated Plexiglas.

B, ACUTE EXFOSURES ' 0
In order to observe immediate effects, a rat was first ex- M

posed close to the antenna (3.8 em.) or 13", This is in the near

field, At this distance, an animal died (a rat) in abtout 15 minutes

{the range was 13 to 18 mipu?es). The distance was subsequently in-

creased to 7.6 cm., {about 3") which is definitely cut of the near

field. - The approximaté lethal exposure time was then determined

at different intervals from the antenna”or at different power den-
sities, Each time animals were exposed the interval was increased
by a factor of approximately 50%. We determined an approximate

lethal exposure time at that interval; then we went to another in-
terval increasing the distance from the antenna.approximately 2.5

em., (Table 1), and then again determined the exposure time, i .
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Table 1
The Acute Toxicity of Microwaves to the Rat

The rats weighted.from 200 to 257 gm, They were equally distributed
as to sex, The total body was exposed, except as indicated other-
wise.

To- oT Distance A ERE

C Minimum erio
ats Trom Fower Tethal of Survival
Exposed Anterma Density Exposure atter
2 e EiEosﬁrt
om. inches  watts/om.’ min, Ours
10 3.8 1.5 near zone 4 15
8% 7.6 3 . b ¢
11+ 7.6 E 0,26 2 15
7 10.2 0,15 5 15
6 12,7 5 0.097 5 15
6 15,2 6 0.078 56 - 15
7 17.8 g 0.057 80 15
9 20.3 0,045 1 15
5 22,9 ¢ 0.035 135 0
3 25.4 10 0,028 139 0
3 27.9 11 0,024 2450 Survived
2 30.5 12 . 0,020 Pl Survived

* Head was exposed
#* Lumbar region was exposed

It is emphasized that the power densities (Table 1) are cal-
culated values, not actual measurements of field strength, and that
they are, therefore, subject to modification, Nevertheless, it s
quite interesting that a power density of as little as 0,03 wgtta/cm.2
(or possibly less) proluced death in a rat, Please note that the
minimum lethal exposure time increases as the distance is also in-
creased,

The graph (Figure 1) was drawn to illustrate the relationship
between the approximate lethal exposure time and distance from the
antenna, that 1s, power denslty. Thé logarithm of time was plotted
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Figure ]
THE ACUTE TOXICITY OF MI!CROWAVES '
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against distance. Even with biologicai variaﬂioﬁ; such as ave ex-
pected when small numbers of animals are used,'the;e is practica}ly

a linear relationship between these two fudctions in the immediate
far £ield where these studies were conducted. If the approximate
lethal exposure time for the near fleld were included, it would

fall well below the line. The power density is probably much greater
in this zone, )

More prolonged periode of exposure are in progress at 27.9 and
30,5 em, The results are not complete; however, there is an indi-
cation that 30 am, is close to the "threshold" distance or power
density beyond which acutely lethal effects will apparently not
oceur in the rat,

Signs of Intoxication, Obvious signs of microwave effects
were observed in rats exposed on the head at close rangs, that is,
at a distance of 3.8 em, from the antenna, The rat was immediately
aware of some type of pain stimulus and tried to move to avoid it.
There was squealing and struggling within 15 to 25 seconds, The
ears were hyperemic at firat, then turned dark in color, First,
second and third degree burns were eventually produced on the skin
directly in front ¢ the antenna, The most gonspicuous effect was,
stimulation of the ceﬁbral nervous system with muscle spasms,
tremers and chronic convulsions, The tail stcod up almoat straight,
This stimulation was so marked that it aroused a rat from deep
surgical pentobarbital anesthesia, Periods of central stimulation
alternated with periods of depression; however, the periods of

depression grew shorter as exposurc £ime increased,
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When the rat was moved farther away from the antenna, about 3 ’,
inches or 7.6 cm. theré was a similar ONS stimulation when the rat '
was exposed on the head, but when the lumbar region was exposed at
this same distance, then central stimulation did not become apparent.

It is also interesting that the approximate lethal exposure time for

a rat exposed on the head at 2 distance of 7.6 cm., was 43 minutes,
while it was 24 minutes for one exposed at the same distance in the
lumbar reglon, :

_ There was no cutaneous burning as the Adistance was increased to
10 em, or greater, At 12 cm, or more, the obvious signs of micro-
wave effects (tremors, etc,) were very slight, but redness of ears
and nose was still prodvced.

We have taken rectal tem;eratures on these animals and there is
a consistent rise at all power densities capable of inducing acute
fatalities, However, the rate of temperature increase was slower
as the distance became greater, This is 111usurated‘1n Table 2,
Table 2

Effects of Exposure to Microwaves on the Rectal Temperature
ol e Rat -

Period of Exposure
at
Distance of Rectal Temp. Produced
1277 cm, 20.3 cem. . . T

O min, 0 min, 37
- min, 18 min, 38
5 min, 0 min, 39 .
7.5 min. 0 min, 1 .
10 min, 120 min, 42 =
20 min, 180 min, . ke,5
_30 min, 240 min, 43 :
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A rectal temperature of 43°C, appears to be quite critical for a
rat exposed to these micrcwaves, If the temperature remained below
h3°0., the animal survived; if it exceeded it, the rat died, We are
doing oéher investigations to check into what this may mean,

€. ELECTROENCEPHALOGRAPHIC STUDIES

Instrumentation, Recordings were made with a Glass Model IIIC
electroencephalograph, No detectable interference was produced in
the tracings by the radar beam when directly superimposed upon the

rgcording electrodes,

Animals, Rabbits have been employed in the preliminary experi-

mentation., These have been enclosed in a box shielding all of the‘
body other than the head, The animal 1s placed in such a way that
the plana describing the dorsal aspect of the head is perpendicular
to the radar beam. Recordings have been variously made using silver
surface electrodes fixed with collodion or by inserting bare wire
electrodes subcutaneously, Recordings were made of frontal, occi-
pital and parietal areas,

Results, In the recording shown (Pigure 2), tracing A shows
the activity which is normal surface pattern, recorded from a sur-
face electrode in the parietal area, In tracing B, a maried increase
in amplitude can be seen. This effect was produced after 3 min, ex-
posure and at a distance (antenna to head) of 12,5 cm. This pattern
continued for about one minute and was then followed by a period of
slow activity shown in the first part of tracing C. After 5 min,
exposure, there was a sudden onset of high amplitude high frequency *

activity of about 6 sec. duration which was accompanied by slight
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Rabbits Under Radiation
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movement of the animal, (second part of section C), Immediately
after this burst the frequenc&ﬂ;émained<high (tracing-D) and was
similar to that seen eariier (tracing B), In spite of the continued
exposuie THeTe was & gradual return to nearly control activity as
shown in tracing E (seven minutes after the initial exposure), This
sequence of occurrences was cyclic, recurring at 5-10 minute inter-
vals, Discontinuance of radiation during periods of hyperactivity
was followed almost immediately by a veturn to normal aétivity.

D, HEMATOLOGY

Rats exposed to microwave radiation have shown an increase in
the number of erythrocyies and in the concentration of hemoglobin
in tail blood examined immediately after an exposure, At the same
time, there was a decrease in total leukocytes, A blooé sample
taken 16 to 18 hours after exposure showed a normal total red blood
cell count the hemoglobin content, but a further decreame in the
number of leukocyteQ (white cells), The polymorphonuclear leukocytes
increased, the lymphocytes decreased., Again I would like to emphasize
that this is preliminary work, e are not sure what this may mean,
Recovery was not complete within one weel:, but was complete within
two weeks. A second exposure again induced similar effects.

(Table 3,)

Notice the leukocytes columa, which is the middle one, par-
ticularly in that the cowmt foll Limiediateiy after oxposuve, at 16
hours, It was still ot normal in about 8 days. It was practically
normal in 14 days. After the second exposvre it again fell not

quite as far as before but this was 2 significant drop. And although
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these are preliminary data we feel that this has some significance'
and we should go ahead and repeat this work,
E., EXPOSURE TC AN INFRARED HEAT LAMP

Since the microwaves caused an increase in body temperature,

rats were-exposed for comparison to heat from a different .source,

An infrared lamp (250 watts) was chosen for the source of heat,

An animal was immobilized in the prone position and exposed, another
rat was exposed in the same manner to microwaves,

These experiments were started quite recently and should there-
fore be considered as preliminary, The signs of local and syse
temic toxicity induced by the rays of the lamp were quite similar to
those caused by microwaves, The heat lamp at close range also pro-
duced central nervous system stimulation, and post-mortem findings
were similar to those produced by microwaves. (The<CNS -stimulation
was apparent,)

Rats from which the hair had been closely clipped and controls
{not clipped) were used to determine differences in penetration and
dissipation of heat, From Table 4, the rather obvious observation
was made that the Yclipped" animal (in contrast to an animal with
fur) had a shorter s-vival time under the infrared lamp, but a..
longer survival time when exposed to microwaves. It will be re-
called that a rat expo;ed to radar invariably died when its rectal
temperature reached 43°C, When the rectal temperature of a rat
under the lamp reached 43°C,, it survived for another 8 to 15 min-

utes, that is, until its rectal temperature reached n7°C.

i .
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Table 4

Comparative Effects on Rats Following ELposure
N to
an Infrared Heat Lamp and Microwaves

One »at was used for each experiment

gme of -
EApOSuUre

Distance between . Minutes of Exgosure Causing
gource ol

ea
Radiation and Mormal SiIn  Skin Clipped
Rat - Free ol _%E,
o,
Infrared 22.9 15 12
Infrared By 30 17
Infrared L 33 20
llierowaves 7.6 26 , 37
licrowaves

7.6 28 52

8
n
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In another experiment, two rats (same sex and body weight)
were used., One was exposed to infrared and the other to microwaves.
A rectal thermometer was inserted into each animal and left to per-
nit constant recording of the temperature, When a rectal temperature
of 43°C, was reached, exposure was terminated. The "radar" rat
died, while the "lamp" rat survived. Tne maximun temperature (of
u3°c.) was reached at almost the same time in both rats, The marked
difference was that the rectal temperature of the "lamp" (microwave)
rat rewalined at k3°c. for 10 minutes before it started to fall, At
deatn, which occurred in 12 minutes, the temperature was still 42,7°C,
Tnis to me indicated that we should do some more wor& along these
~iues/ ‘
P, GROSS POST-MORTEM FINDINGS (RATS)

Exposure of the head in the near field (at 5.3cm,) caused hy-
peremia with petechial and some diffuse heriorrhages in the subcu-
taneous tissues, The sikin uas discolored (greenish gray)., Muscles
of the head and neck (directly under the antenna)”looked "cooked,"
The capillaries of the cerebral cortex and meninges were distended
witn blood and "leaking.," In the lungs, there was mariced congestion
with hemorrhagic areas apparcently caused by thrombic emboli, The
heart yas contracted and filled with blood clots.

Exposures of the lumbar region at a greater distance of 7.6em
caused no burning of the siin, but severe nyperemia and diffuse
hemorrhages in the subcutaneous tissues, There was more damage to
the major organs than wthen the head of the rat was exposed., The

#idneys and adrenals were inflamed, The liver and spleen were
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discolored on the dorsal surfaces (nearest to antenna). -Again the ,'
lungs were markedly congested and hyperemic, The heart was well con- ’
tracted and filled with thrombi, There was dilatation of the blood -
vessels, including capillaries, or the entire-gastroenterlc tract
with diffuse hemorrhages in the mesentary, particularly in the region
very closé‘;; the posterior abdominal wali.

As the distance from the antenna increased, the pathological
changes were similar but less severe, For example, at 20 cm, the
subcutaneous hyperemia was moderate, the kidneys siightly congestec, .
the liver showed disseminated patches of discoloration and the lungs
viere moderately congested, The adrenals were stil{ markedly in-
flamed, Slightly further (22.9cm.), there was only slight hyperemia .
in the dorsal subcutaneous tlssue, moderate congestion in the lungs
and slight_giscoloration of the liver and spleen, At 25 cm, and ~
farther there was slight congestion in the lungs, and we think that
there is some congestion in the adrenals, ‘

G, PHARMACOLOGICAL STUDIES

Preliminary Studies B Subacute Exposures, Since the start of

experiﬁéntation (ttarch 3, 1958), two rats (one male and one female),
six male mice and two chicks placed in a plexiglas box were exposed
" to ‘n.n'ﬂtc?ow;v;;: “T‘_h;-;);;t:.or.n o 2}; bc;;:v;s-aoﬁ cm, from the antenna
{0.019 w/cma). Exposure time was approximately five hours per day
for a maximun of twenty-four days (122 hours) over a period of 73
days and usually about five days a week., The power density is ap-

proximately 200ths of a watt per square cm,
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The rats were exposed for a total of 122 hours., One chiclk died

from a cause we thought to be unrelated to the experiment {31 hours

_total exposure) and the second was sacrificed after 71 hours of ex-~ '

posure because it had grown too large for the exposure chamber, Two
additional chicks were exposed on 13 days (5 hrs/day) over a period
of 16 days. (Baby bantam chicks are now being purchased, It is
believed that they will be more desirable becavse of their smaller

size), Three mice died during nights, two were sacrificed when

found moribund, They had been exposed for 104 to 122 hours, e~

spectively, One mouse is surviving at-this time,

The signs of microwavé effects observed during these preliminary
repeated exposures include loss of volunSary -muscular actaivity, and
hyperemia of eara and nose (rats and mice). Loss of voluntary cone
trol was pronounced in one chick, It was not observed in the others.‘
From time to time the rats also showed this loss of volgptary ac-
tivity. The rectal body temperatures of rats and chicks (not taken
in mice) increased from 0.5 to 0.75°C. during each five-hour period
of exposure., The temperaturcs returned £o nermal during- the followe
ing night, A ‘few of the preliminary blood counts showed a reduction
of total white blood gells (14,7 to 11.2 in a female rat, and 19,0
to 12,5 thousands/cu. i1m. in the male) and an increase in total red
blood -cells in mice (4.5 0 7.3 millions/cu. mn).‘ There were no
gross pathological organ changes In chic¢s and nice.

K., VIRUS LABORATORY STUDILS

Application of Tissue Cualtusc and Emeryos. Prelimlnary cxperi-

ments kave veen carried out ia three types of biologleal systems:
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1. HeLa Cells (cancer cells of human origin) growing in a
monclayer on the surface of round -tubes were exposed to radar fol-
lowing removal of growth medium, After exposure at ~everal distan-
ces and for several time intervals, the medium was replaced and.-the
cells returned to the incubator, Cell survival and growth was fol- |
lowed daily thereafter, Only cells exposed at a distance of 1" for
10 min, became destroyed, The other cells appeared to show no evie
dence of loss of viability. These results suggest that the genera-
tion of heat at the close distance was most likely responsible for
cell death,

2, An experiment was carried out employing chick embryos,

The exposures were done through open windows drilled on the side of
the shell, Because of technical errors, oniy two embryos survived,
Thesc received radiation for 30 min, at a distance of 12",

This experiment was repeated on April 17, In this experi-
ment, the portion of the shell over the natural air sac was re-
moved and radiation administered through this opening at a distance
of 6", Some eés;»wéfé—i;;;T;;;;ened.v The exposures ;;vered periods
from 30 min, to 2 hours, The open eggs did not survive, Death was
due to drying out of the membrane, All of the. unopened eggs sur-
vived and the chighks hatc.ed at thﬁryroper time,

A third experiment was don;uon May 15, ‘Ten-day old ‘chiek
enbryos in groups of 2 were.exposed gt 5" for periods of 30, 60,
90, and 120 minutes. The exposure was done through the open shell
at the air sac. Following exposure, the air sac was sealed with
scotch tape and the eggs returned to the incubator. All eggs sur-

vived and hatched at the proper time,
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3. HLela cells were at@ached to gelform sponges and the sponges
were placed in plastic petrl dishes, Exrosure was done~thrpush the
13id of the plastic petri dish, The time intervals were 10, 20, 40,
and 80 min,, and the distance was 6" (0,075 watts/cma). TFollowing
exposure, the sponges'were placed in 1 ml. amounts of growth medium
in round tubes, The outgrowth of cells from the gelfoam sponges was

then determined dally by micrcscopic observation, Although quantita-

tions were not done, the over-all impression was that fewer cells
1

were obtained from the sponges radiated for 80 min, or 40O min, than

those radiated for 10 min. or 20 min., or from the non-radiated con-

trols,
The last experiment suggests that this method may have
merlt, and additional experiments will bve carricd out,

I, BIOCHENMICAL STUDIES

The Biochem Department has also done sohe prelimingyy determina-
tions of a;dolase in samples of rat blood serum,

A preliminary experiment was carried out in which a rat was-ex-
posed to high intensity radlation until moribund and vlood then col-
lected for analysis. No useful jaformation was obtained because the
blood sample became hemolyzed either as a result of the radiation .
exposure or fﬁom the mechanics br the handling., Again, I'm not sure

we can rule out these thinga, Also, it appeared tnat tne type of

result of chronic exposure of louwer intensity,
The next step, therefore, was to set up an experiment in which

geveral rats were exposed for a period cach day for several suocessive
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days at an intensity which would produce a noticeable effect but.

would not be lethal, Accordingly, 4 young adult rats were exposed ‘
for a total of 21 hours, Approximately 40 hours ‘after-the last )
radiation exposure, the chest was opened under ethér anesthesia
{ether) and blood collected by heart puncture, Results of aldolase
determinations on the samples of blood serum were: '

(Figures represent aldolase units)

Irradiated Control
.0 45,0
73 1810
37.5 47.5

Too much weight cannot be placed on the preliminary results .
of a small experiment like éhis. We 4id find that there was not a
very large variation in the control volume,

One pertinent question immediately suggests itself, 3 <

Is this a valid difference? This can be answered,‘or course, ';
by repeating the experiment on a larger number of animals, It is
particularly important to know the normal variation in serum aldo-
lase in the rat, The few results above would seem to indicate tha§
normal values do not vary widely, There is an indication that there
1s perhaps some effect and that we should go ahewd with this work,

CONCLUSIONS

Rats, mice, chicks, and rabbits were exposed to microwaves
(frequency approximately 24,000 megacycles) for a single pericd of
‘minutes to hours, and also repeatedly for five hours per day for a
maximum of 24 days over a period of 73 days. Most of the experi- ;

ments were of a preliminary nature. Nevertheless, it is believed

-

that the following conclusions are justified at this time:
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Acute exposure has resulied in:

{a) central stimwation as evidenced by Yremors,
augmnented activity as recorded with an elecéroencephalograph and
convulsions (rats, mice, rabbits),

(b) decrease in leukocytes, increase in erythrocytes
(rat).
’ (c) A rectal body temperature of hsoc, appears to be
critical (fatal) for the rat when exposed to mierowaves. ihen ex-~
posed to infrared, the critical termperature was 4700. As fay as
the rectal temperature was concerned, recovery from the effects of
infrared rays became apparent immediately after cessation of ex-
posure.“ This was not the case following eipcsure to microwaves,

(d) Exposure to microwaves and to an infrared heat
lamp produced similar signs.of central stimulation {tremors, con=
vulsions). ‘hen rats, (controls) and experimentals from which the
fur had been removeéd by close clipping were compared, it was found
that the period of survivalwas prolohged in "control rats" exposed
to infrared, aad in "rats ulthout fur" uhen exposed to microwaves.

(e) Exposure by ﬁicrowaves of the lumbar area of tne
rat produced death earller than exposurc of the head (other con-
ditions kept constant),

(f) Maried congestion and hyperemia were the moat con-
sistont gross pathological changes noted whether exposure was di-
rected toward the head or lumbar a¥ea of a rat.

In every animal which we have x1lled, we still have seen

some type of low congestlion, even though it is rather nild,
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REVIEW OF THE WORK CONDUCTED AT UNIVERSITY OF CALIFORNIA

Effects of MNicrowave Irradiation on
Internal Temperature and Viability in Mice

by
Baruch S, Jacobson and Charles §iissic1nd
Donner Laboratory of Biophysics and Medical Physics and
Division of Electrical Engineering
University of CalifGinia, Berkeley
The-aid, of 8., B, Prauznitz in carrying out the
.measurcments is grafefully ackiowledged, as is the
support of the U, S, Air Force under Contract AF 41
(657)-114, monitored by the Air Research and Develop-
ment Command {RADC),

It has long been known that the temperature at certain internal
sites in warm-blooded animals is highly independent of the ambient
temperature, The problen of thermal balance has been the subject of
numerous reviewsl'a. Although several mechanisms are known to be in-
volved, analysis of the overall thermoregulatory process is rendered
somewhat difficult by the lack of data on subjects in thermal dis-

equilibrium, Such data can be obtained by the use of microwave beams,

PROCEDURES .

Swiss Albino mice weighing approximately 35 grams were irradiated
with 3 cm radiation, using an Air Force AN/TPS-10D radar transmitter,
The mice were exposed, ovi * the entire ventral surface, to radiation
fluxes whichvaried between 0,05 and 0.5 watts/cme. The techniques
employed have been described in deta11.3u‘r_emperatures were recorded

using a thermistor inserted rectally,
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-RESULTS
A. Experimental . ’ d

The -temperature of the mouse rises at a rate which is, on the
average, proportional to the power density to which the mouse is ex-
‘posed, exqeﬁﬁlthét'ég Iow power density, the rate of temperature rise
decreases after a few minutes, Death occurs if a crifical temperature,
about 44.1® C, is exceeded, This temperature is 6,7° above the aver-
age normal temperature, In consequence, the averaze time of exposure
necessary to produce an average temperature increment of 6,7° repre-
sents and LDsg (50 per cent lethal dose), as shown by survival
studies. ;

Figure 1 shows the result of LD5p measurements at various power
densities, licne of these differs appreciably from the 6.7°-temperature-
rise dose, after adjustment is made for a slight delay in thermistor
response at the highest power densities., Flgure 2 ghows'the temperature
rise at various power densities as a function of the cumulative energy
flux incident, i.e., of the product ol the exposure time and the power,
The nean of severél individual recordings is plotted at each power
density.

B. Theoretical Consjde-ations

During the initial 2 or 3 minutes of irradiation, thes increase in
cempera;uré is nearly proportional to the amount of eierzy absorbed,
regardless of the‘powvr density. If irradiatior is continued, the
temperature rises more slowly. Eventually, a plateaun is reached,-whése
height appears to be directly related to the power density. Although

this plateau has been shown only at the lower power densities, it must
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occur at any finite power density. These observations can be explained
if it is assumed thai the animal is. being heated and cooled similtaneous-

ly, so that .

- dl = ap - b{1-T,)
aT': °
. Heating Cooling
Tern Term N < (1)

which yields, upon intezration,
(k=)
T-Te=alPt' pg (2)

where P is power density, T is temperature, Te is initial temperatu’e,
t i3 times and a and b are constants. The coefficient & is the product
of th; absorption coefficient of the mouse and the area it presents to
the beam, divided by the product of its heat capacity and its mass,
The value of b depends upon physiological, as well as physical para-
meters,

To produce any given temperature increase Ty, there is a minimum
power Py necessary, given hy

_bTx ' .

Py N

When P(Pxe the temperature Te + T, will never be reached, When

P= Px,( the steady-state temperature will be Ty + Ty. When P) Py, the
tire required to achieve a temperature of T, + Ty is given (solving
Equation 2) by b

.
-

g Bl (3)

For T,; = 6,7, the LD5ofvalue, a reasonably good fit to the observ-

ed values ‘of -the LDsy (in terms of time) at various power densities is
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obtained, {Fig. 1) within the limits of experimental error, by usings

P, = 0.09 watt/cm?

a ,; 7+41 deg/min

b = 40995 mint
If this treatment is valid, the plot of Equation (2) using the above
values of a and b, should closely resemble the experimental temperature
rise curves, Perhaps most revealing iu the plot of temperature rise
as d function of energy density. For this purpose, Equation (2) can
be modified to reads
?T-T,=ak (lig:if{flf

(v/P)E (&)

This equation is plovted in Figure 3. The factor in the parentheges

)

approaches unity for small values of E o for large values-of P, This

. factor may be regarded as the cooling factor, since it drops out for
b=o, The graphs show that the agreement between the calculated and the
experimental curves is qualitatively rather good; alchough the calculate
ed curves show somewhat more spread at higher energy densities, Initial-
ly, there is a slight lag in the experimental curves because of the
delay involved in distributing the heat throughout the body, .which has
not been consiaered in “ormulating the theory.

Apart from the initial lag, it is reasonable to suppose that

appropriate modification of the cooling term in Equation (1) will
result in an even better correspondence between the theoretical and

. the experimental curves.

From the present equation, the "permissible" dose of 0,01 '.'/cm2
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will produce a maximum temperature rise of C.1° C in.mice measured
rectally. Greater temperature changes might occur elsewhere.

“  While the above analysis does not completely desc;ibe the process
of heat exchange in the mouse, it indicates a possible approach ?o the
problem. It is hoped that further experiments will define the cooling
term in Equation (1) more precisely, Information regardiﬂg tbe manner
in which the rate of heat loss varies with temperature should facilitate
the evaluation of the roles-of the various mechanisms® known to be in-
volved in heat dissipation.

Radiation at somewhat longer wavelengths would be absorbed more
nearly unirormly,h permitting more precise analysis of the temperature
changes., Détailed investigation of the cooling rates after termination
of irradiation is contemplated. From these, it is hoped, more informa- '

tion about the dynamics of the cooling process may be obtained,

SUITIARY
The effects of 3-cm waves on the rectal temperatures of mice have
‘been studied. The changes observed can be accounted for 5y calori-
metric considerations. It is suggested that the temperature depend-
ence of the heat-loss processes be studied with microwaves, in the
hope of obtaining information about thermal homeostasis, information
which is undoubtedly relevan: to the problem of establishing tolerance

doses for radar-frequency radiation.
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REVIEW OF THE WORK CONDUCTED AT STATE UNIVERSITY
. .CF IOWA

by
Charles J. Imig, Ph.D., State University of Towa
Gordon W. Searle, M.D., State:University of Iowa
For a period of time after World War II {1946-1949}) our labor
atory in the Pepartment of Physiology at the State University of Iowa
was engaged in research concerned with the biologic effects of the ’
then relatively uninvestigated region of the electromagnetic

spectrum known as microwaves.

Although miny studies were conducted ih-thsse early investigations

at Iowa, I would like to review briefly the findings of only & few
which contribute directly as vackground information:for our pressnt
sories of investigations. ’
“Gertain biologic hasards were demonstrated in these early

experiments. Whole body exposure to high-intensity outputs of micro=-
waves for only a fer seconds wzre found to be_lethal to many species
of laboratory animals. Exposure of limited areas of the body to
relatively lower energy outputs of microwave.energy resulted in local

tissue damage.
S

In one series of exp. ‘iments.it.was found that a ‘direcc single.

exposure of rabQit eyes to 12 cm. microwaves at a 5-centimeter
distance for lidminutes with 100 watts of power output resulted in,
the formation of cataract-~like lesions in the lens of the eyes after
a delay of 3 to 9 days., A series of repeated exposures to a smaller

energy output of this frequency of electromagnetic waves resulted in
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the formation of cataracts after delays ranging from 2 to 42 days.
These- opacities ;Qried from small posterior polar masses to aimost
complete opacificagjoné 6;T;he lenses., A relatiunship between the
amount an? duration. of induced temperature increase in the lens and
the rééiEchy of cataract formation was noted. Induced lenticular
temperatures -of approximately 55° C. and ‘above during a single
exposure resulted in opacities while temperatures below 55° C. did
not result in cataract formation. .

A series-of-at—least~three separate exposures for 10 miiwtes
duration at 5 cm. distance, raising the posterior lenticular tem-
perature to an estimated 52° C. showed lens changes in 15 days.

A single exposure of this duratlion and intensity resulted in nov
damage to the lens. When induced temperature gradients in excived
syes:of beef were plottsd, it wac found-that ths-point-of maximum
temperature agreed well with the site of damage which was found in
the eyes of living animals subjected to irradiation. (Figure 1).

in another series of experiments the effects of microwave energy
upon the testes of adult rats were studied. In these experiments the
testes were irradiated with 12 cme. microwaves so as to increase the
temperature of central areas of the gland. A single lO-minute
exposure caused testicilar damage at a temperature of .only 35° C.
Infra-red exposures resulted in degeneration only when the temper-
ature was maintained for 10 minutes at approximately 40° C. or above.
The testicular damage resulting from micrewave irradiation resembled
that seen in burn necrosis. (Figures 2, 3 and 4).

In other experiments in which limited areas of the body sueh as

-
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the abdomen were irradiated with relatively lower ensrgy 9utputs«of
microwaves, it was found that the ceﬁperatures of viscergl organs
were markedly elevated whereas the oral and rectal temperatures
remained within normal limits. This marked increase in temperature
was found to be particularly true for hollow viscera such as the
atoﬁach, intestine, gall bladder, anq urinary bladder where

relatively avascular conditions prevail, (Table I).

Table I

CHANGES OF TEMPERATURE IN VARIOUS AREAS OF THE ANESTHETIZED
RABBIT DURING IRRADIATION WITH 12-CENTIMETER ELECTROMAGNETIC WAVES
Time in Minutes from Onset of Irradiation

1 2 3 10 20 30
Temperature change in degrees centigrade

Regjon -
Ileum +u.z‘ == HlhJ +29,5  +38.5  +42,9
Stomach +1.8 3.4 +5.4 - +19,2  +23.1
Gall bladder -~ +0.1  +0.3 +1,.8 +4.0 +643
Urinary +1.3 42,1 +3.0 +5.6 - +9.7

bladder -
Rectal +0,1 - =0.1 0.2 -- +0.8
Oral -0.2 - =0.2 =0.5 =0.9 =12

These earlier st dies suggest.that severe and injurious
temperature increases may be induced in certain organs of the body
(such as the eye and contents of hollow viscera such as the stomach,
gall bladder, intestine, etc.) from microwave irradiation. These
regions of the body are relatively avascular and therefore are not
as well equipped for regulating their temperaﬁure by means of changes

in blood flow as other more vascular regions of the body.
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It was suggested that local heating of the contents of hollow
viscera might cause functional and/or snatomic damage either to the '’
organ in question or to angcent tissue. .
SIS TTUITENT SeTienof “experiments being conducted at Iowa ara
concerned with an investigation of the hyperthermic effects of
microwave radiation upon relativelyavascular hollow viscera.
1n one-series of experiments the tamperatures induced in the
gall bladder, stomach, small intestine and liver of dogs were
measured following local irradiation of the abdomen. The source
of microwave radiation was a 124 cm. microwave Raytheon generator.
The "C" (or angle) director was placed 5 cm, distance over the “
abdomen, Tha.output. of the. generator was regulated (during the
exposure period) so as to maintain the skin temperature just below
that which would cause burning-of the skin. In preliminary experiments L
it was found that the skin temperature could not be increased over ’
42,5° C, for extended periods of time without damage resulting, The
duration of exposure was 23 hours. Temperature measurements‘in the
various visceral organs and surface of the skin were obtained by
means of thermocouples every 2d4ninutes with the generator turned off,
The results of thase experiments‘showed that the greatest increase in
temperature in each of the .isceral tissues studied occurred during
the first 20 minutes of exposure. The higpest mean temperature
attained occurred at the end of the 24 hour exposure. The highest
temperatures attained were as follows:
Liver = 41.1° ¢, i
Gall bladder = 41,19 C. )

Intestine = 11,80 C,
tomach = 11,80 ¢C, . M
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Considerably greater temperature increases were measured in the
hollow visceral Brgans of ravbits than were found in the studies on
dogs. The difference in animal size was considered to be the reason.
In order to test this hypothesis large dogs, small dogs and a rabbit
were all irradiated similariy, i.e., the abdomen was irradiated for
23 hours with 1% cm. microwaves, The output of the generator was
regulated to maintiin the skin temperature at approximately 420 C.
-+ Just below the heut damaging threshold. Tempordtures were
measured in various visceral organs during the exposure. ‘The data
collected are shown on the hext series of rigur;a {5, 6, 7, 8, 9).
Experiments were also conducted on larger dogs, smaller dogs and
rabbits in which the output of the generator was maintained at 63
watys during the entire 24 hour exposure. This exposure pattern
resulted in severe burning of the skin in both the rabbit and
smaller dog. Minor skin damage was evidenced in the larger dogs.
The data ars shown on the follow figures (10, 11, 12, 13, 14), These
studies illustrate the importance of considering body size in defining
dosasas of microwave energy. It appears that the relative volpme of
the animal which is actually presented to the field of irradiation
may play an importam. role in the ability of the animal to dissipate
or distribute the ahsorbed heat to cooler parts of the body. When
irradiating smaller animals, a much larger .proportion of the total
body volume would be absorbing the heat than would result from the
irradiation of larger animals, Another important factor in the degree
of temperature attained in animals studied would sec. to be related to

the distance that the organs or tissue lie fiom the source of the
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radiations. Thus, in small animals such as the rabbit, the liver
would be closer to the source than would theviivéé of a large- dog
or human, even though the skin to director di;tance was the same in
each case,

Another series of experiments have ﬁ;en conducted in which the
effect of 12 em. micrcwave -exposures on liver function was determined.
Although anatomic damage was not evidenced in the hollow visceral
organs or in the liver, functional impairment might occur. In these
studies liver function was measured by meanz of BSP determinations
in 3 dogs following exposure of the abdomen to 12% cm, microwavs
radiation during which the skin temperature was maintained at or
near the damaging threshold. Each animal received 15 separate 23
hour exposures, Exposures were made on each animal every other day
(except weekends). Liver function was measured 24 hours after each
exposure, No changes in liver function were measured following any
of these maximal tolerable exposures, A '

The'fiﬁﬁi series of experiments to be repnrted are concerned
with the measurement of temperatures induced in the fourth ventrical
of the brain aleng wit™ observations of gross motor activities of -
dogs resulting from exposu s of the head with 12 cm, microwaves.
In these experiments the head of anesthetized dogs were exposed for
2} hours with-GC" or zngle director of a Raytheon generator at a ...
distance of 5 cm. Thé output of the generator was regulated so as
to maintain the skin temperature at approximately just below 42° C,
This was considered the maximum tclerable dosage. Temperatures

were measured in each of 6 dogs in the 4th ventricle, rectum and
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surface of the skin on the head. The data collected are shown on the
vext figure (15). Six o;her animals were irradiated with this exposure
pattern on each of five successive days. Temperatures were measursd
only in the rectum and on the surface of the skin, These animals

were observed daily durig the exposure series and for 3 weeks follow-
ing the last exposure. Obssrvations were made of muscle coordination,
#ait and reflexes, No gross abnormalities in their behavior pattern
were noted, Upon sacrificing the animals the brains were examined for
gross lesions, lNone were observable, Additional experiments are

being carried out on unanesthetized doEQ as 1mmediabu.or short term

C.N.S. effects can only be observed in unanesthetized animals,
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- — Temperature measurements obtained during irradiation of
_the heads of dogs with-}2:25-cm,~microwaves, (Output of
generator during exposure was regulated so as to maintain
temperature of the skin on the head just at the thermal darage

level.)
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Sumrary:

The thermogenic effects of microwave irrédiation depend upon.a
talance Yotuween () the heat produced by~the absorption of the microe
vavs ensrgy-and (b) the capacity of a tissue or an organism-to dissipate
its excess heat,

It ?s important to know what proportion of the total body is being
subjected to radiations in any experiment, i.e., exposure of 1 'sq. cm.
of the chiest of a rat to a given power outpu* »f microwave energy can
ba expected to produce.quantitatively much.jreater thermogenic effects
than one would find upon irradiating the chest of a dog with 1 sq. ¢m,
exposure, It would be helpful if in comqunicationa and publications
the pattern of irradiation be corralated with total body area, weight,
organ mass, depch, ate, if comparison§ are to be made of work done in
aifferent lab%ratorios.

The elrlier findings showed that certain areas of the body were
rore vulnerable to the effects of microwave radiation than others,

It was found that relatively avascular areas exhibited g:ggtuf‘
rides in temperature; and,'as a conssquence, there was more tissue
darauze than was found in more highly vascular areas. This was
especially trve for holl v viscera, eye and testicle, The latter
orran 13 also more susceptible to damage by hyperthermia than other
tissue,

The current investigations are designed.to answer the question
as to what functional and structural damapges might resuit Irom hyper-
thermia developed in the gall biadder and in the ventricles of the
brain, So far the studies have been concerned with the effects of

microwaves applied in relatively low intensities and for relatively
252
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long periods of time. The effects of repeated exposures ﬁave been
cbsarved., The nxposures have been monitored so as to avoid overt
surface burns. Investigations aliso underway involve a study of the
effects of exposing dogs to much greater energy outputs of 3 and 10
cm, waves, .
In our studies so far no effects of microwave energy have been
encounterad which cannot be accounted for-on ths basis of vhermo~

gonic effects.
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REPORT-ON THE WORK AT SOUTHWEST RESEARCH INSTITUTE
ON THE USE OF ELECTRON PARANAGNETIC RESONANCE TO
EVALUATE THE CHE!IICAL .AND/OR PHYSICAL CHANGES
IN THE LENSES OF EYES IRRADIATED BY [:ICROWAVES.
By

William L, Rollwitz, Southwest Resehrgh Institute

The main objective of the program at Southwest Research Institute
is to determine the feasibility of using the technique of Electren
Paramagnetic Resonance (EPR) to study the chemicai and/or physical
changes in the lens of the racbit eye when it is irradiated with micro-
wave energy. This discussion will give a brief explcﬂntion of the
technique, will present represenb#ti;e illustrations of previous work
at SWRI in other allied fields, will discuss the present progranm, and
will present the work accomplished to date,

A, THE EPR TECHNIQUE

Electron Paramagnetic Resorance 15'on; of the-techniques of %he
group called absorption.spectroscopy and more particularly of ‘the sub
group called Radio Frequency Spectroscopy. Since all of the group in
abgorption Spectroscopy are involved in the measure of ‘the energy re-
quired to cause transitions between two or more en%rgy states of the
particles involved, EPR is no exception. When a free or unpaired
electron is plgcéd in.a magnetic field of strength, H, there is
established two energy levels for these electrons VU, and Wp because
of the interraction between the magnetic field of the free electron
and the external magnetic field,and because of the angular momentum
of the electron. Therefore, if a quantum of energy, hv, equal to the

difference between the two energy states is applied to the system,’
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transitions will result between the two energy levels., Thos> in the

lower level will be stimulated to the higher level and those in the

. higher level will, thefbtore, be induced.to gc to the lower level.
Since the brobabilic; of a transition in each direstion is the same,
and because there are more elsctrons in the lower energy level than in

. the higher energy level, there will be a net avﬁorptfon of energy by
the system from the applied energy, This relation can be written then
to obtain the frequency of the energy to be applled as,

B
h

~

VUn

where V= frequency
g= Speatroscupin Splitting factor
B= llagnetic moment of the free electron
H= Strength of the Applied Magnetic field.
. h=. Planck's constant

The value of gup for a single free electron in a vacuum would be 2.8

megacycles perbgauaa. Therefore, in a magnetic field of 3300 gaues,
the. frequency of the applied energy would need to be approximately
9300 megacycles., Equation (1) does not show that there is Qny finite
width to the absorpt.in signal. This is because it implies that each
free electron in the system “sees" the same magnetic fieid. However,
since each neighboring particle has a magnetic field, and since the
free electrons are held in the system Ly some type of “bond or orbit,
only certain groups of free electrons at certain positions or orbit
orientations will "see" the same magnetic field, Therefore, if we
sweep the applied magnetic field, through the total range of magnetic
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fields expected at the particles to make.equation (1) an equality, the
resultant curve will be of finite width, Such a curve for the stable
free electrons-in a sample of Diphenya-Bicryl.Hyclrazyl is shown in
Pigurg 1, This'curve is the derivative of the actual absorpvion curve
which was a shape like a baussian or lorentziaa curve. 'The derivative
curve results from the techniques required to increase the signal.~ to -
noise ratio and is used by us on all curves, even those like Figufo 1
wherein the absorption curve could be viewed with good signal - to -
noise ratio. .

All that is required then to observe the curve of tn. absorbed.
energy as a function of magnetic field is to subject the sample simule
taneously to radio frequency energy and a magnetic field according to
equation 1, and measure the absorbed radio frequency energy. We use a
klystron to.supply the radic frequency energy, a cavity in which the
sample is placed to measure the absorbed energy, and a 4-inch electro-
magnet to supply the magnetic field as shown in Figurs 2.

B« PREVIOUS WORK

In this discussion we 'will use the terms "Free Radical™ and "Free
Electron" interchangeably-since we define a "Free Radical™ as a molecule
with a free or unpaired electron, We have found that the shape of the
absorption curve is depena nt upon how this free electron or free
radical is made. Figure 3 shows two species of free radical from the
same material, one made by heat and one b.y ionizing :'adiatior'\., The
ap.parent difference, but not the reason for the difference, is 6b;.ious.

llost free radicals are very short lived and exist for only_ a few
seconds at rost. The 1ife can be ‘extended if the temperature is reduc-
ed. Some species of free radical will decay rapidly at ore temperature
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but will be stable at a lower bempéra@ure. An absorption curve for one
stable at room temperature is the one found in roasted coffee shown in
Figure 4o This free radical can 2lso be found in the brew made from
the roasted coffenr, since there may be more ‘than one species.of free
radical when a material is irradiated with }oniging radiation. To
study each of these, indcpendently, it ls necessary to determine the
tenperatures at which the various species are stable and decay. An
axaiple of such. a study is given in Figure 5 for albumin, Jurve A
contains all of the free radical species:ihereas curve B contains only
ons, It is therelore a .simple matter to subtract the two and obtain
the shape of the curve for tiae second. zigﬁri*G shows a similar series
for nilk solids. The reverse can also be done as shown in Figure 7 for
tristearin,

By a deternmination from the amplitudes of these curves the concen=
tration of frce radicals can be obtainede 3y a study of the ;hapevor
the curve for cach species the positicn cf the free elecsroi in the
molecule can be obtained. 3ince the Iree electron is free and is not
el shiclded, it is very-sensitive to both cheusdcal and/or physical
changes in the material. 'The cifect of a slight change in the
structure of different samples of egs albumin has been sheim as an
increase in tv- two out ocard bwips on the curve of Figure 3.

C. ZUE PRESENT PROGRA‘f '

As stated previously, our objective in this program is to deter- -

wine the feasibility of using this technique to study the chemical
and/or physical éhanges caused by microwave radiation, Col. Knauf

wfsely selected the rabbit lens as the material to be studied. The
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rabbits will be irradiated by Dr, Carpenter and his group at Tufts and
then sent to us. We will sacrifice the animals, remove-the lenses and

immediately cool them to -1956° C, Since the life of mowt free radicals,

is 80 very short, we do not expect to obtain any, but they will be
Cacesade ' .

We will then put in some free electrons as cbservers that can be
used to give information about the chemical and/or physical changes
produced by microwaves, Since only one. oy_o'_of sach _r'gbizie whl blo
irradiated with microwaves, we will have a control br:comparison. We
will produce these observer f{ree radicals with a small cy;indx;ieul
Gobalt 60 source of 160 curies giving a dose rate of 34 x.10° rep per
hour in a volume of 3O milliliters, or a soft x-ray unit producing
50 % 108 rep per hour in a thin sauple of 1 gmz c‘rou-ucviohcl'uru.

2 cms, {rom.the target. ‘

We Wiil observe the free radicals produced in the ‘above msnner in
both the microwave irradiated eye lens and;in the unirradiated lens and
determine their differences and their deca characteristics. This
procedure will be-followed four times as soon after irradiation as .,
possible, at different times during the maturing time, and after the
onset of the opacity. ’ ’

b, WORK ACCOIPLISHED TO DAL

7™ Béchuse of the interference of a high priority government program,
We have not really started our program, i_v;hodu}edw‘to begin the latter
part of July, We have, however, made some.preliminary.measurements.on
an vrirradiaied lens:froma rab- 1+  esrs upecies-as-employed by
the Tufts zroup. The-curvé obtaanct is s < in Pigure 8. This:curve

.
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shov + wily one predonnm.zc‘ species of x‘re;)'u.adical. There is evidence
of a Jthor, bus ibs con entration is too lot to permit a m'eusurem«:nt,
rth »ur presont equipsdent, Equipneat now bVe.rn,, obteined should 'gi've
+07 vimes the signai - to- noisc ratio and will ermit a more detalled
study ’
ne sge ad eurs ¢ 3"mad wac fror the lons supplicd to us by Col

e v The com arisun between this curve ard the pravious cunve ic
shown : Figure 9, There is only a slight o!{fetenc: between these two
curves g observed at -195° C, However, the decay curve for the seccond
lens sh us tha presence of three distinct and measurable epn‘ciesnt‘ free
radical lany mre mezsurenents must be made befe.a we coou determing
the exacl differencos and porhaps the srzaies of free 1. dcals

It s too raon w0 /v any »>ve definive conclusions exeept thats
(1) The fies racicals to be used for observation do.give a_good signal-
to~-noise ratio, [2) tae curve obtained from the unirradiated iens .is
quite simple.and should.show small changes quite readily, (3) there is
only one predomi:ant free -radical species in the unirradiated rabbit
lenz and (4) there are only three, nearly equal, free radical .species
in- the human len.s supplied by Col. Knauf, We dd feel very enthused
about these results and are looking forward to the resultv.to-be
obtained soon.




 EPR SPECTRUN OF 5 KAB4
WITH 2 MEGAR!:F AT -196°d

i

i




