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Annual Report 

(December 31, 1959) 

of 

Microwave Radic1t1on Research 

Conducted at the 

University of Miami, Coral Gables, Florida 

Under the Direction 

of 

William B. Deichmann, Principal Investigator 

During the year 1959, the following reports were published; they 
are included in this report by title only: 

1. . "Relation of Interrupted Pulsed Microwaves to Biological Hazards" 
Wm. B. Deichmann, M. Keplinger and E. Bernal .. Ind. Med. Surg. ~' 212-213, 1959: . Technical Note, RADC-TN-59-302, Rome P.ir Development Center,-Griffiss Air Force Base, New York . · 

2. "Acute Effects of Microwave Radiation on Experimental -~imals" · Wm. 8. Deichmann, F. H. Step:1~ns, M. Keplinger and K. Lampe J. ofOccup. Med.1, 369-381, 1959 

3. · "Effects of Environmental Temperature and Air Volume 1::xchange on Survival of Rats Exposed to Microwave Radiation of 24 Looo Meqacycles" 
Wm. 8. Deichmann, E. Bernal, M. Kepltnger J. Ind. Med. Surg. 28, 535.:.539, 1959 
Technical Note, AAD~-TN-59-303, Rome Air Development Center, Griffiss Air Force Base; New York 
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1. 

2. 

3. 

This Report presents the following: 

Introduction 

Generation of Microwave Energy and 
Measurement of Power Density 

Hyperpyrexia: Microwaves Versus Infrared 

4. Comparative Sensiti'lity of Head, Lumbar and Abdominal 
Region to r,,11crow2ve ,Radiation 

5. Comparative Rises of Temperature in Various Organs 

6. Demyelination Studies 

7. 

a. 

9. 

Effects of Microwave Exposure on the Hemopoietic System 
of the Rat 

a) 196 hours of interrupted exposure to approx. 7 mw/cm2 
b) 7 • 5 hours of continuous exposure to 2 0 mw /cm2 
c) 5 min. to 6 hrs • of continuous exposure to 2 0 mw /cm2 
d) 10 min. of continuous exposure to 20 mw/cm2 

Skin Cancer Study 
and 

Chronic Microwave Studies 
by 

William B. Detchmann, Ph.D., F .R.S. 
M. Keplinger, Ph.D. 

Frank H. Stephens, Jr., B.S.E.E. 
Robert Peters 

Ernesto Bernal, D .V. M. 
Kenneth F. Lampe, Ph.D. 

Willard Machle, M.D., F.A.C.P. 
Billy S. Austin, D.V.M. 

Karin Landeen 

Department of Pharmacology 
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10. Observations on the Effects of Radar Upon the Embryonic Heart 
by 

George H. Paff, William 8. DeichmaM,* 
Benjamin Brauzer and Donna E. Finnerty 

of the · 
Departments of Anatomy and Pharmacology* 

11. The Effect of Microwave Radiation on Morphology and Function 
of Rat Testis 

by 
Samuel A. Gunn, M.D., Thelma Clark 

Gould, Ph.D. and W. P •• b. Anderson, iv1.D. 
of the 

Department of Pathology 

12. Effect of Microwaves on :rvrammalian Ce!ls Grown in Vitro 
by 

Michael M. Sigel and Theodore Burnstein 
of the 

Department of Microbiology 

13. Effects of Exposure to Microwave Energy and Infrared Upon 
Behaviour of Rats 

by 
Robert B. ·Tallarico and John Ketchum 

of the 
Department of Psychology 
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1 • Introduction 

This report summarizes the e,:periments conducted at the University 

of Miami, Coral Gables, Florida, during the year 1959 under contract 

AF30-(602)-1753 with the Rome Air Development Center, Air Research and 

Development Command, United States Air Force, Griffiss Air Force Base, 

New York. The first contract became initiatec Juns 1, 1957. · 

During the course of the 1959 studies, it became apparent that air 

currents (air conditioner, fan, etc.) and environmental temperattlre play a 

most significant role in influencing results. For instance, it could be 

shown that without regard· to_ these two factors ·the exposure time required 

to kill a rat could be anywhere from 15 minutes to 24 hours. (Technical 

Note: RADC-TN-59-303) 

Until these facts were known, our studies were carried out in a 

chronic exposure chamber maintained at 24°c :!: 1, and in an acute 

0 
exposure room maintained at approximately 22 to 26 C. Since June, 1959, 

. 0 
our acute exposure chamber has also been rigidly maintained at 24 C ! 1. 

Individual exposures arc carried out in this room by placing an animal or 

preparation into a chamber 112 cm wide, 112 cm deep, and 79 cm in 

height. There is essentially no air motion in this chamber. The exterior 

of the chamber was covered with bronze screening for shielding purposes. 

This alkwed the use of an electroencephalograph or electrocardiograph 
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during exposure. A hinged door provided closure and complete shielding 

t, of the interior of the chamber. 

Under these most rigidly controlled conditions, certain of our 

previously reported experiments were repeated, namely, the "Comparative .. , 
~} • :f Sensitivity of Head, Lumbar and Abdominal Region," "Comparative Rises .... -·!? ,:,, . .- -,..· 

of Temperature in Various Orge.ns," and "Effect of a Single (7 .5 hr) 
/ Period of Exposure on the Fonned Elements of the Blood." 
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2. Generation of Microwave Energy and Measurements of Power Densitt, 

Two complete sets of microwave-generating equipment (24,000 

megacycles, wavelength 1.25 cm) were used. Both. units were modified 

from radar sets and operated at an average power output of 20 watts. 

Type 6551 magnetrons are pulse-modulated with a duty cycle of 0 .0006. 

Peak power output was 40 kilcwatts, Primar/ power was supplied by a 

40'0 cycle alternator and regulated at 115 volts. Measuring instruments 

were operated on 60 cyc.1.e power stabilized by a 10 KVA Sola constant 

voltage transformer. 

A block diagram of the generating equipment set-up can be seen in 

Figure 1. An atl¼!liary method for the measurement of power was provided 

as a check against the power meter and thermistor mount. 

Ant~: A 10 db standard gain pyramidal horn antenna was used 

exclusively. The reasons for this are: convenient power density calcula

tions from data supplied by th~ manufacturer of the antenna, fairly 

symmetrical enerc;ry pattern, short near-field distance (5 .9 cm), ability to 

expose selected areas o! the test subject and t!1e ease of changing power. 

density by moving the animal toward or away from the antenna .. 

Determination of Infrared Power Density: One aspect of these studies 

i , dealt with a comparison of the effects of microwave and infrared radt.atlonR. 

By using straightforward calculations it was possible to ascertain the 
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microwave flux density at almost any posi.tion 1n the antenna pattern if 

power output and antenna characteristics were known. 

No calibrated infrared source was avaiiable for use in these studies, 

therefore it became necessary to devise a method of measurement 

applicable to infrared radiation in order to make valid comparisons of 

biological effects. A 250 watt General Electric heat lamp was used as a· 

source of infrared radiation, and a calorimetric method of determining flux 

density was devised. It utilized a thermistor thermometer probe coupled 

to an integrating heat sink. The heat sink consisted of a disk. of aluminum 

with all surfaces polished except one which was blackened. The dark 

surface was exposed to the radiant energy and heat flow was determined 

by calculations which involved the rate of temperature change of the disk, 

its exposed surface area (blackened) and its thermal mass. A correction 

factor was applied to allow for heat loss or cooling rate. Assumptj.ons · 

made w~re: that the blacker:.ed surface of the disk was a perfect absorber, 

that the rate of heat flow was constant throughotit the temperature range, 

and that heat loss was constant. 

To help reduce heat loss during measurements, the disk was surrounded 

with white polystyrene foam insulation which extended the length of the 

th~_r.nistor probe. During u~e the disk was protected from any unnecessary 

movement of air which might increase heat loss. 
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The calorimeter is shown in Figure 2. Calculations of infrared flux 

densities were made as follows: 

Apparent heat flow+ heat losses = actual heat flow 

Mc 6. t + Mc 6. t = heat flow rate in cal/sec 
Tl T2 

Where M = mass of disk 
c = Sfecific ~eat of disk 

t1 t = tsmperature change of disk 
T1 = tifY!e for t(jlmperature rise il t under irradiation • 
T2 = ti~ne for t,El!mperature fall 4 t after radiation is removed 

Power density= ..L (heat flow rate) Joules/sec. -cm2 
1 A 

Where J = 4.18 joules/cal. 
A i; , ac11ve (blackened) surface area of disk 

Therefore.:, 
. l 

p d 't J (Ma: .c1 t -L Mc .1 t) watts/cm2 
ower ens1 Yf= A Ti I T

2 

For an aluminum disk 1.000 inch in diameter and 0.503 inch thick; 

M == 17.95 gm 
A== 0.7854 sq in= 5.067 sq cm 
c == 0. 217 @ 40 degrees Centigrade 

4 t = 10 degrees {35-45 degrees C) 
T1 == time for rise to 10 degrees C (35-45 degrees C) . 
T2 = time for fall of 10 degrees C (45-35 degrees C) 

" 

Power density= 32 • 13 + 32
..! 

13 watts/cm2 
T1 T2 

In a test, T2 was determbed to be 936 seco1;,t~ 1n still air. Therefore 
I ~ \ > l 

the second term (corre~tlon factor) was O. 03-! wait~~1cm2 • 

~- ---
j A po~er density versus distance cuIVe was run on a 250 watt G. E. 

,; 

,. 

;!. ( ~~ ·~ : '- . ., ' • 
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heat lamp as shown in Figure 3. A beam pattern check on the same lamp 
t} 
'1' showed a beam width of 40 degrees at half-power points as calculated 

from a power plot made at a 12 inch radius from the surface of the lamp. 

In order to make a comparison between the effects of microwave and. 

infrared energy, it was necessary to alter the energy distribution in the 

beam pattern of the infrared lamp. By the use of an aluminum foil mask 

as shown in Figure 4, it was possible to obtain a beam pattern and power 

density equivalent to that obtained with mfcrowave energy radiated from 

the 10 db standard horn antenna mentioned before. 

Determination of Microwave Power Density: The use of a standa·rd 

gain horn antenna as a radiator allowed a simple calculation to determine 

on-axis power density. These calculations are acceptable for any axial 

distance from the antenna except in the near-field region. Power density 

was computed as follows: 

Po Ga · 2 Microwave power density = watts/cm • 
4no2 

(2) 

Where P0 = generator power output which is available at the antenna, 
in watts 

Ga = power gain of the radiating antenna 

D = distance from the antenna in cm 

Co> 2 a2) 
'ho 

a = major diameter of antenna mouth 

l.o = free-space wavelength at operating frequency 

- 9 -
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In addition to power density, the size of the irradiated area was 

important. It is usually defined by the half-power points of the radiation · 

pattern. The "Z" and "H" plane radiation patterns of the standard horn 

~, antennas used were nearly symmetrical and therefore may be defined by a 
,I-'"' 

' · ,. quantit'/ known as the "half-power diameter." Figure 5 shows typical 

data for an antenna in use. 

:tk =i While this equipment was operatl.ng, power output was monitored 
·' ·:i/. ·,, 

}\- c6nst;:mtly and the necessary edjustments w~re made to assure constant 

level output. A log was l:ept of operating characteristics including 

magnetron and modulator currents, standing-wave ratio, power output, 

_ and time. Any deviations from normal operation were immediately investi

gated. This procedure was found to be necessary because of variations in 

magnetron efficiency with time. 
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DIRECTIONAL 
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ATTENUATOR 
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THERMISTOR MOUNT 
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WAVE 

DETECTOR 
DBE 820 

0 
0 0 0 

STANDING WAVE 
INDICATOR 
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[Z] POWER METER 
0 

0 0 
° HP 430C 

·-Fig. 1 .:. Acute chamber equipment set-up. 
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HEAT LAMP 

WHITE STYROFOAM 
INSULATION 

HYPODERMIC 

THERMISTOR 

NEEDLE 

PROBE 

r-.,. 

THERMISTOR 
BRIDGE 

'~,. 
.· :.:'....~,; •.· 

• .,pj,,,,~ ... , ...... :.,,i~.·. 
'. ' 

[ZJ 0 
STOP WATCH 

Fig. 2 - Calorimetric determination of infrared power density. 
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Fig. 4 - Infrared power density through mask (power ?ensity 
0.302 watt/cm2 , one half power diameter 2.5 inch corresponding 
to 3 inch distance under 10 db microwave horn). 

J' 
I 

;. ; 

[ .. ~ 

[ __ 



. , 
t 
! 

Cl) 
4 LLI I,, X 

I u 
I z 
I 

ti) 
I-z 
0 a. 

.56 NEAR FAR 
a: C\J ZONE ZONE w ~ 

FIELD FIELD 3'= u.52 I 
0 I a.. ..... 

~.48 I 
12 I -IN I-

~ I 
II ~ 3A4 I 

l <( 

~.40 POWER DENSITY IOw 
z 

~.36 I I 0 
9 0 

en I 
I ~~ z ~.32 8 0 ~~ .=: 0 

~ 
~ a::.28 <;),~ 

7 0 
<( IJJ 

~~ a:: 3 
0~ £, I 

o.24 ,,, a. <? 
la. I 
0 I 

) .20 I '\'t 5 0 
I a:: u.i 

l1J t·'6 I 4 t-
l1J a. / I 
~ 

:!! ,· 
o .12 # I 3 <( u I 0 

.08 
2 

.04 - -
2 3 4 5 6 7 8 9 10 II 12 
DISTANCE IN INCHES 

Fig. 5 - Microwave power density and one-half power diameter vs. 
distance; 21 watts output - antenna gain 10.18 db. 



"' 

. -~k ~. Hyperpvrexia; Microwaves Versus Infrared 
', ! ,_ 

. -,~; 
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I • The following experiments were conducted to compare the hyperpyrexic 

effects of these two sources of energy in greater detail. The Plexigla,s · / 
I 

~heet, holding the rat, was suspended about three feet off the floor so that 

a rat would receive only incident and not reradiated infrared heat. 

1. Two groups of six rats each (three males and three females) were 

(; empfoyed. The animals were of essent!a!ly the same body we!.ght. Em-?,; 

.;\_~~ 

ploying the plast.tc aniri1al holder, a rat was immobilized in the prone 

position and its lumbar area was exposed. Group 1 was subjected to 

microwaves of O .17 watt/cm2 (a. 6 cm half power diameter). Group 2 

was exposed to infrared of a power density of O .27 watt/cm2 • The mean 

rectal temperature changes were calculated from the experimental data 

and plotted against time (Figure 1) •. · 

,. 
I ': .. 

Ten minutes of continuol!s exposure to microwaves resulted 1n a rise 
of rectal temperature to 40°0, After discontinuation of exposure, the '. 

, 
I, 

temperature continued to rise to 41 °c, and then drop pod • In contrast,! · 
discontinuation of infrared exposure resultad in an immediate drop of 

rectal temperature. 

2. In anqther experiment the response to microwave and infrared· tf( 
' energy of the same power density (O. 302 watt/cm2) and half-power 

diameter (6.35 em) was determined. 
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Exposure to microwaves induced a prompt rise of temperature in the 
~ . 
. I 

. subcutaneous tissues of the area suffering the direct exposure. In three 
minutes, the mean temperature rose from 37 .4° to 4S0 c.- The mean rectal,; 
temperature rose to 43.s0 1n 15 minutes. All animals died. Exposure·to 
the same power density of infrared induced a fairly acute onset, but then " 

~· a more gradual ris~ of lumbar s1Jbcutaneous temperature. The rectal 
temperat1Jre rose gradually to 43. 5°c over a. period of two hours, causing 
the der1th of these animJb (f'!,;ure 2). 

3. In this stur!y, 40 rats (prone position) were again exposed to.the 
same power density.(0,30 watt/cm2) and c.alf-pow~r diameter (6 .• 4 cm), 
but in half of the animals the fur was closely clipped before exposure to 

q• microwaves and infrared. 

The results demonstrated, again, a difference 1n response to these 
two forms of energy. Rats (controls) exposed to microwaves died in 15 .s 
minutes (13 to 19 minutes), Those without fur died in 18 .s minutes (1S·to· 
25 minutes). The presence of fur had no influence on minimizing, ab
eorbir.g, shielding, or insulating the animals from microwaves, 1ndic.at1ng 
that rat's fur offers no ·barrier to electromagnetic radiation in this range • . 
However, the absence of fur apparently allowed better heat dissipation 
and, consequently, a prolonged survival time, When exposed to infrared, .. 

~- . the presence of !ur presented a protective ba:rter. The animal& survived 
~ 

' ' 

·:,rr ' - . ' ' ' for 120 minutf.fS (70 to 175 minutes), while those without fur died 1n 48 

. - 12 -
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minutes (44 to 52 minutes). 

4. In a fourth experiment, an attempt was made to determine the 

power density of microwave and infrared energy which would induce a 

similar degree of hyperpyrexia. Rats, restrained in the prone positiont 
\~~~Ii_ •.Ji_. 

:Jt· }i7were exposed individually to microwaves at a power density of O. 043 

,: ~.;.r· 

watts/cm2 • Rectal and int::acutaneous temperatures (lumbar region) were 

('j 

. determined with the thermistor probes. Other rats were exposed similarly, 

.\~tbut 'i:o infr.1red energy. The location of the infrared lamp was varied until 

a position was found w:~ich induced essentially the same rise in tempera

ture as produced by microwaves. At this specific distance the calculated 

: power density of infrard was found to be O .117 watt/cm2 • Figure 3 
./t 

presr,-::t;, the data sum:,:arized from two groups of three rats. They show 

that, as far as t:-11 production of hyperpyrexia is concerned, microwaves 

are at least three times as potent as infrared energy. 

' 
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. ., 4. Comparative Sensitivity of Head, Lumbar and Abdominal Region to 

Microwave Radiation 

Three groups of 10 female, Holtzman s.train, Sprague-Dawley rats 

were used. In one group, the back of the head of a rat was exposed. In 

a second group, the lumbar region was exposed, and in the third group, 

the abdomen • 

Each rat was restrained in the Plexiglas-Saran screen holder and 

exposed continuously to 300 mw /cm2 (distance 7 •. 6 cm). The area of 

exposure was kept constant by shielding a rat with flexible absorbent 

material which was suspended approximately one cm above the rat to 

allow circulation of air. This area was essentially the same as the 

projected area of the rat's head (1 x 4 x 6 x 6 cm). 

Results: There was a sign.ificant difference in the mean survival 

time of each group. The abdomen was the most sensitive area. The 

· survival time was 2 3 minutes. Less sensitive was the lumbar region 

with a survival time of 33 minutes. The head was the least sensitive 

area, rats died after 40 minutes of exposure. (Table 1) 
" 
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Table l 

Exoosure o! Head, Lumbar Region and Atdomenof the Rat 

(In each instance, the area of exposure vas kept constant by shielding a rat with flexible absorbent. This area was approx. the same as the projected area of a rat'~ head, shaped trapezoid l x 4 x 6 x 6 cm. Power dens1ty1 JOO 111W/cm; continuous ~xposure. Room temperature1 24 ! 1°c, still air) 

Body Area of Rat Exposed 

Head Lumbar Region Abdomen -- ---
Lethal Lethal Lethal Body Wt Exeosure Body Wt Exposiire Body Wt Exposure of Rat Time of Rat Time of Rat Time --- -- --- -- --- --fl. Jilin J? min f/. min 

262 41- 264 32 265 23 
262 40 260 29 260 24 
260 43 268 J4 267 25 
260 39 262 33 262 22 
260 39 264 34 263 25 
265 42 264 35 268 23 
268 38 260 34 260 21 
266 41 260 36 262 23 
264 40 262 33 265 22 
262 41 263 35 260 24 

Mean lethal exEosure tl..me Mean lethal exposure tl.JT!e Mean lethal exEosure time 40.4 minutes 33.5 minutes 23.2 minutes SDt 1.5 minutes SD: 2.0 minutes SD: 1.8 minutes -· Range1 38 to 43 nunutes Range: 29 to J6 minutes Range: 21 to 25 minutes -~ 

·,;. 
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5 ._,;,, Comparative Rises of Temperature in Various Organ§. 
·•~1 

\ 

We have previously reported a compadson between the degree of 

hyperpyrexia induced in various organs of the anesthetized rat during 

continuous microwave radiation (J. Occup. Med.: 1, 369, 1959). It I . -

was shown that the rate and magnitude of temperature increases in 

stomach, spleen, kidney, and liver were approximately similar. 

Since the publication of that report, we have found that changes in 

the environmental temperature can have striking changes in the survival 

time of animals recei'!ing lethal expo,sures. This change of response has 

been attributed to changes in the efficiency of body heat dissipation. 

Since slight changes in the environmental temperature might conceal small 

but significant differences in the rate of heating betwE:en various organs, 

we were interested in repeating and extending, under a fixed, known 

environmental temperature, the temperature measurements made previously. 

rvfeasurement of Temperature: The measurement of temperatures in the 

experimental animals was made in several ways, according to the data 
'· 

required. Both laboratory and clinical thermometers were used for simple 

measurements such as rectal temperature. Another method involved the 

· -use of a thermistor thermometer bridge. Subcutaneous and internal organ 

,~4· temperatures were recorded with a hypoder:mic needle probe, which, 

--· · because of its shielding, did not respond directly to microwave energy .• 
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Rectal temperatures were taken with a flexible, plastic-covered probe. 
' The thermometer and probes were manufactured by the Yellow Springs 

Instrument Company, Yellow Springs, Ohio. 

A minimum of three rats was employed for each reported temperature. 

Exposures were directed to the lumbar surface, except in the case of 
measurements made on the scrotum and testes, which received direct, 

ventral exposure. Prior to exposure, all of the animals received an 

anesthetizing dose of pentobarbital. Temperature measurements were 

made with thermistor-type electrodes. It had been shown previously that 

such electrodes are not R. F. sensitive at the frequency of microwave 

exposure which we employ, and therefore the electrodes do not change · 

resistance upon plac·ement into the microwave beam nor do they produc·e 

local tissue heating. In those instances, where visualization was 

necessary for electrode placement, an incision was made along the mid

line of the abdomen and, following insertion of the electrode into the / . 

desired organ, the skin was approximated by suturin4;,1 Exposures were 

made for a thirty minute period. Temperatures were recorded prior to 

exposure and during exposure at five minute intervals. As in previous .· 

measurements, the power density at the center of the exposure surface 

· was 75 mw /cm2 • The distance between the animal and the antenna was 

15 cm, which gives a half-power diameter of 13 cm. Tho environmental 

temperature was maintained at a constant 24°c ! 1°. There was no air 
motion. (Table la) 
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Results: Thirty minutes of exposure to 75 rnw/cm2 of the lumbar area, 
(except for exposure of testes for which rats were in supine pcsition), 

induced the following mean temperature rises: rectum 4.s0 c, liver 4.6°c,. 
kidney 5.6°c, spleen 5.7°c, lung s.a0c, stomach 6.1°c, and 

testes 10.0°c. The mean control temperatures of the liver, kidney, spleen 

end lung were essentially 36.s 0c. The mean rectal and stomach tempera

ture was 35 • 3°c, while the temperature of the testes was the lowest, 

namely, 32. s0 c. The data are in agreement with those published for 25 

minutes of exposure. 

- 17 -
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Table 1- a 

Effect of Microwaves (15 rrrw/cm2) on Temperature 

Increases( 0 c) on Selected Organs of the Rat 

('rnree rats per group; in general, exposure was directed to. 
lumbar area; for exposure of testes, rats were in supine 
position, room temperature 24°c ! 1, still air) 

Ini tlal Mean Mean Mean 
Organ Temeera ture Temperature Temperature Temperature 

Range Increase Increase Increase 
(J. Occue• Med. 
!, :3o9, 19;9, 

30 min 25 min 25 min 

Rectum 35.3 - 35.1 4.5 ! 1.0 - -
Liver 35.o - :.n.8 4.6 ! 1.7 3.8 ! l.S 3.75 ! 2.0 

Kidney 36.1 - 37.1 
+ 5.6 - 1.9 

+ 
4.4 - 0.5 5.0 !os 

Spleen 35.l - 37.2 
• 

5,1 - 0.2 5.0 ! 0.2 5.5 ! 0.2 

Lung J6.o .. J6.8 508 ! 2.0 - -
Stomach 34.8 - J6.l 

• 
6.1 • lo7 5oO ! 1.5 6.25 ! 1).25 . 

Testes 32.5 • 3Jo0 
• 

10.0 - o.s • * 5.1 - 0.5 6.o* 

* This is an extrapolated figure at 15 min. 

.. 

• 
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6. Demyelination Studies 

This experiment was started on April 7, 1959 with bantam chicks. 

These were immobilized and the legs were exposed to 55 m·-n/cm2 for one 

hour a day, on five days of the week, and for a total of 40 hours. After 

exposure on the first day, and after the chicks were released, they 

remained lying quietly for approximately five minutes. Then they 
:? 

staggered. This loss of equil!brium lasted for several minutes after 

which they apparently recovered completely. The con!rol chicks handled 

similarly, but not exposed to microwaves, showed no such effects. 

Subsequent exposures did not produce these effects again. These 

observations are of interest since they substantiate certain of our early 

findings ,with chicks. The ntstopathological examination of the legs has 

not been completed. 

- 18 -

.I 

1 

i 
i 

I 
I 

I 



I 
I 

. 

fi, . 
I l 

'I 

I ~ 
,_ 

--~-.. -·---....... _ 

.. . - , 
·-:i 

';). ·-

;!kf. f:~; 
ls; ~~ 
. •;--:: 

...;!.---·---

l7."' 

7. The Effect of Single and Repeated Microwave Exposures on the 

Formed Elements in the Blood of Rats 

7 a. Exposure of Rats to Approx. 7 mw/cm2 f~r 196 Hours 

Four rats of CFN stock were exposed !Qgether for one to three hours 
per day on each of five days of a week until they had received a total of 
196 hours of exposure, on 85 days over a total period of 119 days. The 

, temperature in the microwave exposure room, which is equipped with an ' 

air conditioner, may have fluctuated between 22 and 26°c. Daily records 
were not taken. Blood counts were conducted once every two weeks. In 
each instance, blood from the .tail of an animal was drawn immediately 
before an exposure, or approximately 22 hours after termination of an 
exposure. Four similar rats, seIVing as controls, were housed under 
identical conditions. Blood counts of all rats were taken on the same 
days. 

The doses of microwave energy to which these animals were exposed 
were derived as follows: 

Microwaves were directed to the backs of the four animals movtng 
freely in the lucite box measuring ll.5" in length and S.S"·tn width. 
The center area of the floor of the box was irradiated for 121 hour_s at 
25 mw/cm2, for 37 hours at 33 mw/cm2 , and for 38 hours at 43 mw/cm2 • 
The exposure at the half-power diameter which ls almost •1" from the · 
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center (diameter approx. 7 3/4") was, therefore, equal to 12.5, 16.5 and 

21.5 mw/cm2• A rat in the extreme right or left section of the lucite box 

(5 • 75" from the center), however, received a much lower dose, which may 

have been only 10 or 15% of the maximum microwave energy, that is 2.5, 
' 

3. 7 and 4. 3 rnw /cm2, respectively. If these values are accepted, then 

a rat was exposed to 25.0 - 2.5 mw/cm2, 33.0 - 3.3 mw/cm2, orto 
2 . 2 

43.0 - 4.3 mw/cm2, namely, to 11.2, 14.8 and to 19.3 mw/cm2, 
2 

respectively. 

In- addition, however, it must be recognized that, at some time, one 

rat completely shielded another rat. It was also observed that the 

animals tried to avoid the center area of the beam, and that at times, a 

rat would be standing in a corner on its hind feet, thereby avoiding 

exposure almost completely. It is believed that a rat was actually 

exposed only to a mean of approximately St 7 t or possibly 10 mw/crn2 • 

(Tables 2 and 3) .'' 
/ 

Results: The values for hemoglobin, reticulocytes and hematocrit, 

and the number of total and differential leukocytes of all experimental 

and control rats remainecl within nonna \ limits. The mean gain of ·.body 

weight of the experimental rats was 94 grams (389 to 483 g), the controls 

gained 86 grams (376 to 452 g). 
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Table 2 

<-.:' The Effect of Repeated Exposures to Microwaves .. on the Formed El;~~nts of the Blo~j'\f Rats 

(Control counts were carried out on Februal"Y :s'; 1959) 
ffffe,. 

!dent. No. Date Hemo- Rot1culo- l!emato- W BC Differential White Cell Count of Rat -- globin cytes · r.rit - percent - thousands Neutro- I Lympho- Eos1no Other g % % % per cu mm phils cytes phils -
n- 266 Feb. 5 12.9 2.1 52 10.? 3<; 60 1 

Prolymphs 2 
Staoo l; 1 B last Feb. 26 13.4 1.0 56 10.0 30 66 2 2 Blast March 18 12.7 0.2 54 11.3 29 69 2 March 27 12.? o.6 55 8.4 19 81 

April 9 10.3 - 0.1 49 10.6 27 69 3 1 Blast April 21 12.4 0.4 56 10.5 27 72 .1 

D• 267 Feb. 5 12.9 1.6 53 10.6 37 62 1 Feb. 26 12.7 o.B 53 10.2 37 62 Stabs l March 18 12.9 0.3 55 11.8 22 78 March 27 12.4 o.5 52 10.0 23 76 l April 9 11.0 o.5 LB 9.3 22 76 2 April ·21 12.4 0.2 54 13.4 17 82 1 

D- 268 Feb. 5 13.4 1.8 55 8.4 21 77 2 1 Normoblast Feb. 26 14.4 o. '7 59 9.4 31 69 March 18 13.6 0.2 56 10.2 26 71 3 March 27 12o7 o.5 54 10.0 24 74 1 1 Blast April 9 11.2 o.4 49 10.2 18 80 2 ' April 21 12. 7 0.3 53 11.0 28 70 2 

D• 269 Feb. 5 12.7 1.0 50 1.1 28 71 l l Blast Feb. 26 12.9 1.1 53 8.1 JC,. 67 3 Blast March 18 13.9 0.1 54 10.0 22 77 l March 27 12.0 o.J §~ 1g:! 2i 8! l l Blast April 9 10.0 l April 21 12.9 o.s 52 10.3 20 80 
-

'-~ ·-----·-··-•-·-·-. 



';_4 4 ¥AU 
f 

' 

Ident. No. Date Hemo-of Rat -- globin 

g % 
D- 266 May 6 13.9 

May 15 lJ.4 
May 26 12o7 

D• 267 May 6 13o2 
May 15 12.7 
May 26 12.4 

0- 268 May 6 130 2· 
May 15 12.9 
May 26 12.7 

D• 269 May 6 13.4 
May 15 12.4 
May 26 13.2 

:¢,f.9 ;_._,} ~AJJ.•Pl~>.o,._ ··-~Pff~4r•~•~-l:* +-.···• ••t:""W'~ . 

ii 

Continuation of Tabls 2 

Reticulo- Hema to- W BC Differential White Cell Count ~ crit -
oercent thousands Neutro- - J..Yl1I ph o- Eosino- ot!iir 

/ 
% % per cu 111111 phil& cytes oh1l8 -0.2 53 10o5 31 67 2 Oo7 Sh lOoO 29 69 2 0.1 49 10.5 33 64 2 Stabs l 

0.1 55 10.2 21 78 l 0.1 51 10.J 25 71 .4 0.3 53 8.5 28 69 3 

0.1 52 10.0 JO 70 0.1 54 10o2 27 73 0.1 51 7.4 35 64 l 

0.1 51 10.2 23 76 l o.5 50 10.L 19 19 2 0.1 52 1.1 23 74 j 

.... -•-"'" -·-- -- - . 

• 4 M .4 iZ ,h 11-.,ep, .. 4 44 .41,1f\D:+"·'*'.•!~ 45. ,;;.;. _ 
;; I 3 €0 94,c 41 t .. -· :II, 
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Table 3 

Control Data for Table 2 

(These rats were not exposed to microwaves) 

Ident. No. Date Hemo- Reticulo- Hemato- WBC Differential White Blood Count 

~ 
-- globin cytes crit -- Percent --. thousands Neut,ro- r.ympno- ISOSinO- Other 

ll: % % % per cu 111111 phils cytes phils 

D• .l Feb. 5 13.4 0.3 S4 10.7 26 68 5 l Blast 

Feb. 26 13.2 0.2 55 10.6 26 13 l 

March le 13.2 0.2 53 10.1 20 79 l 

March 27 ll,7 O,l L9 9.5 )J 6(> 1 

April 9 12,7 0,1 Sh 13,4 23 7S 2 

April 21 12.9 0.1. ss ll,3 2; 13 2 

D• 2 Feb. 5 13.4 0.2 5~ 11,5 18 79 J 

Feb, 26 1).4 _ o.4 52 llo7 20 79 1 

March 18 1).4 0,2 56 13.6 23 77 

March 27 12.0 0.01 53 10.e 41 57 2 

April 9 12o0 0.2 53 13.6 25 73 2 Bia.at 

April 21 12.4 0.1 54 10.6 24 73 3 

D• .3 Feb. 5 11.1 0..6 52 10.8 25 71 4 
Feb. 26 13.9 loO 53 11.9 24 76 

March 18 13.4 0.1 53 9.6 35 6L 1 

March 27 12.0 0.3 52 - llo2 34 65 1 

April 9 13,4 0,1 57 13.4 2L 76 

April 21 12,7 0.,2 56 10,9 23 77 ·-

D- 4 Feb. 5 13,'.f 0.4 51 12.1 29 68 1 2 Blast 

Feb. 26 13.:?. 0.3 52 10.6 37 62 1 

March 18 12.9 0.1 I 50 11.9 36 64 

March 27 12.4 0,3 5c; 11,7 27 ' 72 l 

_April 9 12.0 0.1 52 11.l . 23 75 2 

April21 12.4 0.1 50 10.7 22 75 3 

..- -_..._...,,. ____ ___,._,, 
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Continuation of Table 3 

!dent. No. Date Hemo- Reticulo- Hema to- W B C Differential White Blood Count of Rat -- globin cyte15 crit --
Percent ·- - thousands Neu tro- Lympho- Eo15ino- Other - ~ % % % =r cu lllll phils cytes ohils 

D- l May 6 1).9 0 53 10.400 19 78 3 May 15 12.9 0.1 53 10.600 28 72 May 26 12.0 0.2 49 7.900 26 73 l 

D- 2 May 6 1).4 0.1 55 10.850 28 71 1 May 15 12.9 0.2 53 10.050 31 68 l May 26 1).6 0.1 54 12.450 22 76 2 

D- 3 May 6 .lJ.4 0.2 52 10.000 24 73 2 Stabs l May 15 12.9 o.4 53 10.750 36 61 2 Stabs l May 26 13.9 0.1 57 10.680 26 72 2 

n-.4 May 6 1).9 0 53 10.050 26 72 2 May 15 12.0 0.4 51 10.100 32 67 Stabs 1 May 26 12.9 0.3 49 10.050 29 69 2 

-~'-·---
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7 b. Exposure of Rats to 20 mw/cm2 for 7 .S Hours 

Previously published studie-s (J. of Cccup. Med • .!, 369, 1959) 

have shown that continuous exposure of a rat immobilized in a saran 

screen holder (24 rnw/cm2; 7 .s hours) induced a prompt increase in the 

number of erythrocytes and an elevation in the concentration of 

hemoglobin, but a decrease in total leukocytes. Recovery was prompt 1n 

regard to erythrocytes and hemoglobin (within 16 to 18 hours), but it took 

about one week before the number of total leukocytes had returned to the 

pre-experimental level. This experiment was repeated with seven rats 

(prone pMition) which were immobilized and exposed individually to 

~r 20 mw/cm2 for one continuous period of 7 .S hours, 

' Results: Examination of the tail blood immediately after exposure 

revealed a leukocytopenia-(dropped from 15 .o to 10. 7 thousands per cu · 

mm) with lymphocytopenia (dropped from 78 to 49%), and neutrophilia 

(increased from 21.0 to 50.3%) very similar to that previously reported. 

Effects on red blood cells (rise from 5 • 7 to 6. 5 million per cu mm) and 

hemoglobin (rise from 12 .1 to 13 .5%) also agreed with previous 

observations. (Tables 4, 5 and 6). The rectal temperatures of some of 

these rats rose 1°c. 
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Table 4 

Erythrocyte Count and Hemoglobin Concentration of Blood 
Taken from :!'.ale Osborne-Mendel Strain Rats Exposed 

Continuously for 7.5 Hours to 20 rrrw/cm2 

(Prone position; restrained and exposed individually, room temperature 24 ! 1°c, still air) 

Erythrocyte Count (reillions/cu mm) Hemoglobin (e:/100 ml) 
Imlllediately Immediate lz Before Exeosure After ExEosure Before Exposure After fiEosure 

5.55 6.30 12.2 13.4 
5.84 6.,34 11.5 12.7 
5.50 5.70 11.7 12.4 
6.06 1.10 12.7 14.,6 
5.86 6. 78 12.3 u.4 
5.84 6. 76 12.5 l.3.8 
5 • .34 6.60 11.8 14.0 -- -- -- -, 

Mean 5.71 6.51 12.1 13.5 

-, 
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Table 5 

Total Leukocyte Count of Blood Taken frOJ!I Male 
0sborne-~endel Strain Rats Exposed Continuously 

2 fer 7., Hours to 20 mw/cm 

(Prone position; restrained and ex~osed individually; room temperature 24 - 1°c, still air) 

Total Leukocyte Count (thousands/cu J11111) 

Immediately Before Exposure After Exposure 

11.6 10.6 

19.0 17.9 

13.9 7.8 

11.0 7.5 
11.5 10.8 

1.4.IJ 9.li 

14.7 ll.l 

-- -
Mean 15.0 Mean 10. 7 
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Table 6 

Differential Leukocyte Count of Blood Taken from Male Osborne-Hendel Strain Rats Exposed Continuously for 7.5 Hours to 20 mw/cm2 

(Prone position; restrained a.,d exposed individually, roam temperature 24 ! 1°c, still air) 

Polymorphonuclear Leukocytes Lymphocytes 
Immediately 

Immediately Before ExEosure After Exposure Before Exposure After Exposure Actual Actual Actual Actual Percent Number Percent Nuiiiber Percent Number Percent Number 
--- --- --- ---
cu mm cu l!llll 

CU llllll cu mm 
19 2780 39 4150 81 11820 57 6050 
17 3240 35 628o . 83 15700 · 65 11600 18 2502 44 3432 79 10981 56 4368 21 3570 56 4200 79 13LJ0 44 3300 22 2552 45 4860 78 9048 55 5940 20 2880 66 6204 80 11520 34 3196, 30 4410 67 7437 69 10143 32 3552 - -- - -- - -- - -·-21 3133 50.) 5223 78 11806 49 5429 

... 
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7 c. Further Studies of the Effect of R~diation (6 Ho.!,!!§ to 5 Minutes) 

on the Hematopoiatic System 

Eleven male, CFN rats of approximately the same body weight 

(220 - 240 g) were used. Each animal was restrained in the prone position 

and exposed continuously to 20 mw/cm2• Blood counts, using taU bl~d 

were again conducted ~efore and immediately after an exposure. 
I 

The exposure time was reduced with each succeeding rat. One rat 

was exposed for six hours, the remaining 'rats for S, 4, 3, 2, and 1 hour, 

and for 30, 15, 10, and 7 minutes, respectively. 

Results: All rats, whether exposed for six hours or for a seven 

minute period, ·demonstrated a rise in percentage and actual number of 

polymorphonuclear leukocytes , and a drop in the number and percentage 

of lymphocytes. In each instance, the total leukocyte count decreased, 

the number of erythrocytes increased. (Tables 7, ·a, and 9) 

--
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. Table 7 

Erythrocyte Count of CFN Male Rate Following S Min to 6 Hrs 

of Exposure to 20 mw/cm2 

(Rats restrained, exposed individually in the prone position, 

room temperature 24 ! 1°c, still air) 

Identification Erythrocytes (Millions oer cu 1111'11) 

Number Immediatelz 

of'. Rat Exposure Ti.me Control After Exeosure 

1 6 hrs S.84 6.76 

2 S hrs 6.00 .6.24 

3 4 hrs S.56 5.62 

·4 3 hrs 5.60 5.80 

s 2 hrs 6.00 6.24 

6 l hr 5.24 5.64 
---

7 30 min 6.00 6.16 

8 lS min. S.60 G.oo 

9 10 min. s.2a 5.32 
! 

10 7 min I 5.04 5.30 

' 

I 
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Table 8 

Effect of Radia~ion (5 Min to 6 Hrs) on the Number of Total Leukocytes 
in the Peripheral Blood of the Rat 

(CFN male r'ts (220 - 2u0 g) were exposed individually and continuously 
to 20 mw/cm. They were restrained in the prone position; room temper
ature 2u ! 1°c, still air) 

Leukocytes in thousands per cu JIU!I 
Identification Period I.1m1edia tely 

Number ~ Before Exposure After Exposure 
of Rat Exeosure ---

l 6 hrs 11o4 9.u 

2 5 hrs 16.5 1.u 
3 4 hrs 11.6 10.0 

4 3 hrs 11.6 9.8 

5 2 hrs 11.4 10.0 

6 l hr 9.1 1.5 
7 30 min 13.5 8.1 

8 15 min 12.u ll.O 

9 10 min 13.2 11.3 
10 7 min 9.7 

·-
7.9 

L ~ . ······· .. ···--··· --.... 
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Table 9 

Differential Leukocyte Count or CFN Male Rats Following 5 Min to 6 Hrs Exposure to 20 mw/crn2 
(Rats restrained in prone position, exposed individually; room temperature 24 ! 1°c, st111 air) 

Pol~orphonuclear Leukocytes Lymphocytes Immediately l.mmedia t.e ly _Control After Exposure Control After Exposure 
ExposurA Actual Actual ' Actual Actual Time Percent Number/cu mm Percent. Number/cu mm Percent Number/cu mm Percent Numoerlcii 11U11 
--
6 hrs 20 2880 66 6204 80 11520 34 3196 5 hrs 27 4455 60 44LO 73 12045 39 2886 
4 hrs 5 580 77 7700 93 10788 23 2300 
3 hrs 19 2242 72 7056 79 9332 27 2646 
2 hrs 33 3762 56 5600 67 7638 44 4400 
l hr 29 2639 44 3300 71 6461 55 4125 

JO min ll l.485 24 1944 (j9 12015 75 6075 
15 rn1n 17 2108 25 2750 BJ 10292 75 8250 
10 min 26 3432 38 4294 7J 9636 62 7006 
7 min 21 2oj7 28 2212 78 7566 72 5688 

t 
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7 d. Effect of 10 ~41nutes of Microwave Radiation of 20 mw/cm2 

on the Hemopo1ettc §¥stem. 

In view of the leukocytopenia produced by 10 minutes of exposure, 

it was decided to repeat this experiment with a sufficiently large group 

of rats permitting statistical evaluation cf the results. 

Each of 10 male CFN rats {220 - 240 g) was restrained and exposed 

individually (prone position) for 10 minutes to 20 mw/cm2 • Each of 

another group of 10 control rats was handled and restrained similarly, 

but not exposed to microwaves. As in previous studies, tail blood was 

er.amined bt':lfore and•immediately after an exposure • 

P.esu_lts: Tables 10, 11, 12 and 13 present the results obtained. 

Analrses of the data by the method of paired comparison revealed a 

statistically significant drop 1n the number of total leukocytes {p< 0.01). 

The leukocytes dropped from 12 .8 to 10 .6 thousands per cu/mm. There 

was a concomitant neutrophilia and lymphocytopenia. The neutrophila 

increased from 19 to 31%, while the lymphocytes dropped from 81 to 69%. · 

All rats demonstrated a rise in the number of erythrocytes per cu mm, 

(from 5 • 4 to S • 6 million per cu mm). 

- 23 -
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Since restraint without exposure (control rats) caused a RISE of the 

total leukocyte count in 7 of 10 rats, it might be concluded that micro-

wave exposure induced a more marked reduction in the leukocyte count 

than the results demonstrated. 

i? 
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Table 10 

Erythrocyte Counts of CFN Male Rats Exposed for 10 Minutes 
to 20 1flJ,l/cm2 

(Room temperature 24 ! 1°c, still air; ten rats per group. ExperiJrientals were exposed individually in the prone position. Control rats were restrained similarly but not exposed) 

Erythrocytes in Millions/cu IIDII 

ExperiJnental Rats Control Rat3 Exposea to Microwaves Not Exposed 
-Im!llediately 

Control After E!ieosure Control After Handling 

5 • .30 5.46 5.52 6.06 
5.31 5.18 6072 6.52 
5. 72 5.90 5,60 6008 
4.80 5.58 5. 76 6.04 
5.06 5.22 5.52 5.00 
5.30 5.60 4.68 4. 72 
5.26 5.65 5.78 5.22 
6.oo 6.02 5.72 5.84 
5.64 5.70 5.44 5.JO 
6.16 6.22 5.06 5-44 --. -- -- --5.44 Mean 5.65 Mean 5.58 Mean 5.62 
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Table 12 

2 Polymorphonuclear Leukoc;rtes of CFII Male Rats Exp)eed 10 Minutes to 20 mw/cra 

(Conditions were the same as given in Table 10) 

Experimental Rats Control Rat:, 
Exposed to Microwaves Not Exposed 

Control After- Exposure Control After Handlin~ 

Percent Actual Percent Actual Percent Actual Percent Actual --- !lwnber/cu mm --- Number/cu l1llll 
--- !lumber/cu mm Number/cu 1!1111 

23 28ai 36 LI.Lo 22 3L5L 39 6396 

29 28L2 37 3145 26 3536 23 3082 

15 1635 30 3360 26 3406 46 6210 

11 1892 36 4716 31 4309 31 3472 . 
22 3146 25 2775 21 2121 16 I 2544 

15 1995 29 3335 14 1540 31 5301 

12 1092 2) 1656 26 L576 15 2790 

28 3L4L 33 )696 26 3)02 35 5L25 

15 1635 30 2670 24 2424 34 5304 

31 4061 37 5217 - -- - -- - -- - -
Mean 19 2276 31 3277 25 3273 31 4574 



Mean 

Table 13 

2 ~phocytes of CFN Male Rats Exposed for 10 Minutes to 20 mw/cm 

(Conditions were the same as given in Table 10) 

Ex2eriJnental Ra ts I Control Rats 
Exposed to Microwaves Not Exposeil 

Control After Exposure Control After Handling ---
Actual Actual Actual Actual 

Percent Number Percent Number Percent llUJ11ber Percent iliiiiiber -- --- -- --- -- --- --cu JTllll cu mm cu lmll cu 111111 

75 9150 64 7360 78 12246 59 9676 

71 6958 63 5355 74 10064 75 10050 

85 9265 70 7840 74 9694 54 7290 

89 15308 64 8JcJ4 67 9313 69 7728 

78 11154 75 8J25 19 
. 
797', 84 13356 

85 J.1305 71 8' -'C'. .i.v_., 85 9350 67 11457 

88 8008 76 5L72 74 13024 82 15252 
72, 8856 67 7504 74 9398 6,3 9765 

85 9265 70 6230 76 7676 64 9984 

68 8906 60 8460 - -- - --· - -- - --81 9919 69 7182 75 9765 611 10)02 

- ----~-·---· .. __ ............. ··------... ·-··~- ··- -----------... -----~-·· ....... _ 
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8,_. Skin Cancer Study 
tf: 

On April 6, 1959, an experiment was started with 10 female Swiss 

and 10 female c
3
H mice. These animals have been painted twice weekly 

with a dose of 10 mg of a skin carcinogen identified as Esso MH-191. 
' 

In addition, they have been exposed to 25 mw/cm2 in the chronic 

exposure chamber (24°c ! 1, still air) for three hours per day on five 

days of a week. The exposure cage measures 14 x 29 cm in length and 

;Z 29 cm in height. A simH.:i.r group of 20 animals is treated with the 

carcinogen, but not exposed to microwaves. 

_Besults: After eight months, there are papillomas in the skin of two 

of the 10 Swiss control mice. There is also marked evidence of 

hyperkeratosi~ and scaling, indicating t:1at a papilloma may form in the 

skin of one of t!:a c3H control mice. Papillomas have not been noted in 

the r~dar-~reated group of mice. This exp:;riment is being continued, 

and a similar second experiment has been started. 

--
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9. Chronic Microwave Studies 

On December 11, 1958, chronic exposure to microwave radiation of 

20 mw/cm2 was initiated with the following animals: 

four beagle dogs • • (2 males and 2 females) 

six rabbits • • • • (3 males and 3 females) 

20 guinea pigs • • • (10 males and 10 females, and 

60 CFN rats . . . • (30 males and 30 females) 

·;, · An equul number of animals of each species is serving as controls. 

The experimental animals, placed on a turn:able which rotates at one 

RPM, are e,tposed for seventeen hours per day on five days of the week. 

The animals are placed on the table at about 1600 and exposed until 

0900 the following day. They are then taken to their respective animal 

rooms for feeding and watering. The room temperature in t~e exposure 

chamber is maintained at 24 :! 1 °c, the relative humidity ranged from 

55 to 60%. 

Since the experimental animals, while on the turntable, are denied 

access to food and water, food and water are also removed from the 

control animals for the same p2riod of time. 

- 26 -
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The turntable is divided into six wedge shaped sections. The 

placement of the animals 1s as follows: 

Section 1 - Male dogs 
Section 2 - Male rats 
Section 3 - Rabbits 
Section 4 - Female dogs 
Section S - Guinea pigs 
Section 6 - Female rats 

A sheet of corrugated Plexiglas separates the male and the female 

rabbits, and male and female guinea pigs. All animals are observed 

closely for signs of illness. The body weights are recorded monthly and 

complete blood counts (dogs, rats) arc carried out once a month. 

Results: After almost twelve months of exposure, there have been no 

significant changes in any of the experimental animals, with the exception 

of one rabbit. This animal (D-10113) was found dead on the turntable 

after 10 .s months of exposure. The gross patholog!ca.l examination 
/ 

/ 

revealed slight congestion in the-rig~.t ventricle and marked congestion 
# ' 

over a two cm length of ,trachea. This rabbit was apparently in good 

health when placed on the table the. night before. The cause of death is 

unknown, and believed to be unrelated to microwave exposure. 

While the animals are theoretically exposed to 20 mw/cm2 when their 

particular section of the table passes through the radar beam, they ar& 

actually exposed to a lower concentration. The primary reason for this 
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is that one animal, more or less, shields another. This is particularly 

true for the rats and guinea pigs. An attempt is being made, at the 

present, to calculate the actual exposure of these animals. 
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10. Observations on the Effects of Radar Upon the Embryonic Heart 

George H. Paff, William B. Deichmann, 
Benjamin Brauzer and Donna E .• Finerty 

In preliminary attempts to determine whether or not radar has a 

deleterious effect upon the embryonic chick heart it became apparent 

that the factor of heat must be controlled. Within the assigned frequency 

of 24,000 megacycles (1. 25 cm wave length} and with the exposure of 

50 mw /cm2 which we had arbitrarily selected, a situation intolerable to 

the heart was reached within a very short time. Was it caused by 

increased temperature, something inherent in radar, or a combination of 

the two? 

Since we planned to compensate for the heating effect of radar by 

cooling the hearts during exposure and since suitable data on the re

action of the embryonic heart to variations in temperature was not 

available, we first constructed curves in which heart rate was plotted 

against temperature. 

Construction of Heart Rate - Temperature Cuives 

Curve for Isolated Hearts in Blood Plasma: Three cuives involving 

three different types of preparations and the study of 448 hearts were 

constructed. For the first cuwe 2 08 hearts were dissected from chick 

embryos of 72 hours incubation age and planted in chicken blood plasma. 

Six hearts were studied at one time. Each was put in a separate drop of 
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plasma placed on the inside wall of a 32 ml cork-stoppered tube lying on 

its side. After clotting occurred the tube was positioned in a water bath· 

to permit microscopic observation and to allow for systematic temperature' 

changes between the extremes of 4 and so0c. Before immersing the tube 

in water a hypodermic needle was plunged through the cork and a piece of 

· spaghetti tubing was attached to the needle. This tubing was trailed 

over the side of the bath and served the purpose of equalizing air 

pressure between the interior of the tube and the atmosphere. Heart 

rates were taken at temperature intervals of not more than 2°c. From 

the 20 or more values obtained for each heart a rate-temperature curve 

was made (for each heart} and by interpolation a rate value for each 

degree of temperature rise was determined. From these values the 

average rates of beat of 20!! hearts were determined and plotted in a 

single curve. (Figure l) 

Heart Rate - Temperature Curve for Isolated Hearts in 'fyrode Solution: 

In constructing a curve for the rates of beat of 72 hour isolated hearts in 

Tyrode solution the method described above could not be used. This is 

due to two things: first, hearts in liquid media are more difficult to 

handle than hearts embedded in blood plasma; second, Tyrode solution 

will not support normal activity over an extended period of time. So the 

water bath was discarded and an aluminum stage, l" x 3" x 4" in size, 

was constructed. It had an internal system of channels connected to 

- 30 -
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inlet and outlet tubes and a separate hole for a thermometer. (Figure 2) 

Three or four hearts were transferred to drops of Tyrode solution on a 

No. 1 coverslip. This was placed on the metal stage and covered with· 

a small plastic box containing a roll of moist filter paper fitted in one 

end (moist chamber). Water at a desired temperature was run from a 

reservoir through the stage, and after a three minute equilibration 

period, the first rates were taken. The temperature was then elevated 

to the desired degree by running water from a second reservoir through 

the stage. Three minutes later heart rates were taken again. The heart! 

were then discarded and a new preparation was made. In each experiment 

only two readings were taken on a heart, i.e. one at a lower and one at 

a higher temperature. Reference to Figure. 1 and the rate-temperature 

curve for hearts in Tyrode solution will simplify the explanation. Note 

that each point ts s 0 from adjacent points except for 2 and 3° intervals 

at the higher temperatures. Each point represents the mean rate of beat 

for 30 hearts. Ir. all we used 180 hearts as follows: 

30 hearts for 10°c and 20°c points. 
30 hearts for 1s0 c and 2s 0 c points. 
30 hearts for 3o0 c and 40°c points. 
30 hearts for 3s 0 c and 42°c points. 
30 hearts for 3a0 c and 45°c points • 

...1Q. hearts for 4a0c 
Total 180 hearts 

Curve for Hearts in Situ: In constructing the curve for rates of 

hearts in situ sixty 72 hour chick embryos were used. To prepare an 

- 31 -
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embryo the yolk was floated out of the shell into a bath of Tyrode solution. 

The embryo with its membranes was then removed from the yolk after 

cutting along a line some distance from the sinus terminalis. It was then 

gently washed free of excess yolk and floated on to the surface of a 

coverslip. All wrinkles were eliminated, the excess fluid was removed, 

and small pie~es of filter paper were arranged around the periphery of 

the extra embryonic membranes to hold the preparation in place. Finally 

the coverslip with its embryo was quickly inverted, a drop of Tyrode 

solution was put on the side of the coverslip opposite to the embryo and 

this side was placed in contact with the bottom of an inverted staining 

dish. (The drop of solution holds the coverslip in place). Four embryos 

were prepared for study at one time. The inverted staining dish with its 

attached ccverslips was then completely submersed in a water bath whose 
I 

temperature was adjusted as desired. (Figure 3) Using a dissecting 

microscope the heart rates were taken for each of tbe--hearts at intervals / . 
\ ·' 

of 1 to 2°c and the mean values were plotted. (Figure 1) # 

An Evaluation of the Heart Rate - Temperature Curves 

The cu:ves have proved to be of value in experiments intended to 

obviate the effects of heat, e.g. when hearts are exposed to radar in the. 

near zone. The curves serve as a biological thermometer. There is one 

area, however, where· the curves fail to reflect the true picture of heart 

rate. As the temoerature is elevated above 42°c, sooner or lat'3r tha 
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rate accelerates to the point where it is impossible to determine visually 
the number of beats per minute. This period of acceleration is of short 
du.ration (seconds) and is suddenly replaced by a marked decrease in rate 
of beat. This last is indicated by the break in the curves to slower rates 
at high temperatures. (Figure 1) It is a forerunner to death of the heart. 

The Reaction of the Embryonic Heart to Radar 

Introduction: In preliminary experiments it was found that in our 
frequency of 24,000 megacycles (1. 25 cm wavelength) and with an 

_::t. exposure of 500 mw/cm2 that the isolated embryonic chick heart planted 
in blood plasma at room temperature (22°c) becomes seriously ·embarrassed 
within 10 seconds of time unless proper precautions are taken. Thls 

/embarrassment to the heart is expressed by a rate of beat too rapid to 
·count, and is followed within seconds by a sudden decrease in rate and 
complete inactivity within 1 to 3 minutes. It may be significant that 
reaction of hearts subjected to radar resembles that of hearts which have 
been damaged by excesstve heat. If this is so then we are dealing with 
an intensity of exposure capable of raising the temperature of the heart 
more than 20°c within 10 seconds I In the attempt to define the role of 
temperature and to detennine if there is a more subtle .harmful factor 
inherent in radar we planned two groups of experiments. In the first 
group the temperature was controlled by the use of the metal stage 
(figure 2); in the second group a plastic stage was used. 

..... 
_";. 

--·--· __ _. ~-,- ·----~· ···------~-.. ··- ·---···-·- ---· ·-· 
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Isolated Hearts on Aluminum Stage at Controlled Temperature.s: The 

experiments presented in this section were not well received by the radar 

specialists. Objections were raised to the use of a metal stage and 

glass coverslips. We shall therefore be brief. 

One to three isolated hearts were placed in a drop of chicken blood 

plasma on a No. 1 coverslip. After clotting occurred the coverslip was 

centered on the stage so that the hearts lay in line with, and directly 

exposed to, the radar beam. The desired temperature was maintained by 

running water of proper temperature into the inlet tube (Figure 2). In a 

series of six experiments involving 10 hearts each it was demonstrated 

that stage tem,eratures maintained at 10, 15, 20, 25, 30 and even 3S°C 

would apparently prevent radar damage to hearts if care was taken to 

hold evaporation to a minimum. As an example, we were able to keep 

hearts alive and beating during and after exposure to 500 mw/cm2 for 

four hours if fluid was added to the preparation. In adding fluid we 

placed a drop of Tyrode solution over the clot in which the hearts lay and 

immediately pulled off the excess by carefully touching the drop with a 

piece of filter paper. 

Isolated Hearts on Plastic Film, Exposed to Radar: The simple 

apparatus employed for ~hese experiments was designed for the purpose 

of exposing the. isolated he:uts directly to the radar beam without 

objectionable interference. It was made from a six inch square of 
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Saranwrap; a set of wooden embroidery hoops five inches in diameter; a 

plastic funnel four inches 1n diameter; and a source of cold air which was 

dried before it was led through plastic tubing into the stem of the funnel• 

Reference to figure 4 will simplify explanation. The Saranwrap stretched 

tightly over the two hoops. ts laid on the plastic funnel into which is 

directed a stream of air, dried .by passing through concentrated H2so4 

and chilled by passage through a copper coil surroun<:ied by dry ice and 

alcohol. 

In using the appar..:itus, 2 or 3 isolated hearts are pla~ed on the top 

surface of the 3;J.ranwrep in Just enough c:-.icken blood plas~a to hold 

th!'.lm securely in place. The hearts are centered under the radar antenna 

and the rates of beat are· recorded at room temperature before the radar 

. apparatus is turned on. Cold air is next permitted to flow gently into 

the funnel. When the heart rate becomes very slow (10 to 15 beats per 

minute) the radar is turned on. The heart rate immediately begins to 

accelerate but before this reaches a rate of 80 to 100.beats per minute 

more cold air is permitted to flow into the funnel. With experience we 

found it easy to keep the hearts beating in the range of approximately so . , 

to 85 beats per minute. Even so, the heart rate must be watched at aU 

times for signs of trouble; e.g., if one is careless enough to let the dry 

ice exhaust, the heart rate immediately increases to an alarming degree 

as the temperature of the air stream increases. 
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.. Mhearts? The answer to this question may be found in the next block of 

experiments • 

Isolated Hearts on Plastic Film, Not Exposed to Rai:lar: In the pre

.ceding group of experiments when heart~ were exposed to radar we not 

only reduced the temperature but offset e·.raporation by adding and 

removing a drop of Tyrode solution 9 times during the 30 minutes of 

exposure. Since manipulation, nowever necessary, tends to damage the 
isolated heart it seemed wise to control it. To that end we set up an 

experiment in which 6 groups of hearts were treated with Tyrode solution 
9 times as were those in the previous experiment but no radar was used. 

The results are given in Table 2. Finally, the average heart rates and 

the temperatures at which they were taken were used to construct a rate-

temperature curve for each of the 6 groups (Figure 6). Also is included 

a segment of the control curve from Figure 1. Note that here, as 1n the. 
. / radar treated hearts, there is a shift to the left (compare Figures 5 and· 6). > 

Discussion 

Of the three curves showing the relationship of heart rate to tempera
ture (Figure 1) we used primarily the one for isolated hearts 1n blood 

plasma. The ~urve for isolated hearts in Tyrode solution was made as an 

ai~ in determiJ'.ling whether or not the use of Tyrode solution during radar 
exposure woulp be harmful. The third curve, i.e. , that for hearts in situ. 
was made to check the slope of the cuIVes for isolated hearts. The 
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general simiiarity of these three curves convinced us that we had 

constructed an adequate heart rate-temperature curve satisfactory for 

use as a control curve. This is true especially within the range of 23 

to 36°c. (Figure 1) 

The reaction of the hearts to elevation of temperature toward so0 c 1s 

similar to that which occurs when isolated hearts are exposed to radar 

(500 mw/cm2). In both cases there is an extreme acceleration in rate 

~:- . 

·~~ followed by a sudden deceleration and stoppa~e. In the case of the 

radar ex_posure which we used, it is possible to obtain within 10 seconds 

an effect equivalent to that achie•,ed by raising the temperature more 

than 20°c. Before considering the experiments in which hearts were 

exposed to racar at controlled temperatures, it should be made clear 

that, if temperature is not controlled, exposura, at the intensity used in 

our experiments, will render the hearts useless within two minutes. 

Let us tum now to hearts exposed to radar while resting on a metal 

stage at controlled temperatures. During and after four hours of con

tinuous radar exposure we observed that hearts looked and behaved 

normally. This exposure was 120 times the amount required to render 

hearts hors de combat where temperature is not controlled •. Indeed using 

this technique, we have no reason to doubt that we could keep hearts 

· alive for days during uninterrupted radar exposure. As noted above, how• 

ever, those of our group who understand radar complatned about the use 
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of metal on the basis that reflection can cancel effective exposure. 

Since no technical objections were raised to the experiments in which 

plastics were used instead of metal, we believe the results summarized in 

Figures 5 and 6 are important. Considering first the curves for hearts 

exposed to radar (Figure 5) it is obvious that there is a shift to the left 

indicating that rhythmicity was depressed. The first reaction to this 

might be that something inherent in radar had affected the hearts since 

temp~rati.:re was reason::bly well controlled. That this impression is 

incorrect is indicated by the fact that the same fundamental shift .to the 

left was obtained in the absence of radar (f'igure 6). The greater 

variability among curves for radar-exposed hearts (com;iare Figures 5 and 

6) is probably due to the fact that we could not duplicate in the controls. 

the condition in which, c:!urin;r exposure to radrtr, on'3.side cf !he hearts 

was being heated an unknown amount while the opposite side was being 

chilled (Figure 7). 

Finally, the temptation to ascribe all damaging effects of radar to heat 
should not lead us to eliminate consideration of a more subtle injury factor 

inherent to radar. We hi:we literally hundreds of e_lectrical records from 

experiments (unrelated to these) which prove that damage to the embryonic 

heart, as shown on the E.C.G., can be present although it is not apparent 

to the eya. We plan ~o pursue this work to its logical conclusion, i.e., 

the study of simultaneous electro-cardiograms and myograms before, during 
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and after radar expcsum. 

Summary and Conclusion 

The isolated 72 hour embryonic chick heart was used throughout this 

work with only one exception. When using radar we worked with the 

assigned frequency of 24.'10D megacycles (1 .25 cm wave length) and with 

an exposure of 5 0 m1,..,/cm2 • Ot!r results show that: 

1. When exposed to radar the ernbr"Jonic heart can be seriously 

em!:>arrassed within 10 seconds as expressed by extreme acceleration or 

rate of beat. Within one to three minutes the heart can be killed. 

2. In the absence of radar the same effect can be obtained by 

heating the heart. 

3. Using radar one can subject hearts to four hours. of continuous 

exposure without apparent damage if temperature and evaporation are 

controlled. In doing thf.s we used a metal stage. 

4. Using radar it can be shown that one can also avoid apparent 

damage to the heart by the use of plastics (instead of m~tal) in preparing 

them for exposure • 

-40 -

I 

i 

l 
,-
1 

.. 

[ 



! -- . -
! . 

• 

- I . 5. Based on these experiments one must conclude that radar is 

damaging because of heat. If there is something inherent in radar, some

thing more subtle than heat, then it has failed to make itsalf apparent. 

6. To determine if a second factor inherent to radar exists, simul

taneous recordings of the electricd and mechanical activity of hearts 

before, during and following radar exposure ~hould be obtained. 
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Table 1 

Data for 6 groups of isolated hearts showing temp1?rature (Temp) and 
heart rates (HR) b,~fore radar c<.i::osure for 30 mim:tes and two different 
temperatures (Temp) and heart rates (HR) afi.cr radar exposure. 

Group Before Radar After Radar 
Temp HR Temp HR Temp HR 

26 .s0 c 68 26. 75°C 64 36°c 104 
76 64 76 

1 84 76 148 
88 76 148 
80 68 .111 

Ave 79 Ave 70 Ave 122 

26°C 72 2S°C 38 35°c 120 
72 56 96 2 68 42 144 
64 48 92 
76 56 144 

Ave 70 Ave 48 Ave 119. 

24°c 64 24°c -- 54 ·~ 34.·7S°C 140 
56 48 128 3 52 57 128 
52 48 I 66 
52 .il _§1 

Ave 55 Ave 51 Ave 105 

27°c 52 26,25°c 52 36°c 132 
52 56 124 4 52 60 128 
52 66 144 

Ave 52 Ave 59 Ave 132 
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Table 1 (continued) 

Before Radar After Radar ·temp HR Temp HR Temp 

21°c 76 26.S0°C 60 35°c 
80 66 
76 46 

Ave 77 Ave 57 

28°C 76 26°c 56 . 35°c 
88 60 
84 57 

Ave 83 Ave 58 

I ..,.i ~ -----·~~ ~- -- ----· ---·~·-. -~ 
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HR 

128 
123 
Ji 

Ave 97 

46 
122 
_g 

) Ave 11. t 
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Table 2 

Data for 6 groups of isolated hearts showing temperature {Temp) and 

-~···. 
heart rates (HR) before and after the addition and removal of Tyrode 

<' stlutign. Process repeated 9 times. 

.., 

.,. Before addition and After addition and 
··'f Group- removal of Tyrode removal of Tyrode 

(nine times) 

Temp HR Temp HR Temp HR 

~ 2S.S°C 70 25 .s0 c 62 35 .s
0

c 132 
68 58 82 

l 66 54 94 

. 62 so 110 
. 

Ave 67 Ave 56 Ave 105 

26° 54 25 .s0 c 52 35 .s0 c 118 
70 60 144 

2 66 54 82 

58 46 66 
66 58 126 

Ave 63 Ave 54 Ave 107 

24.S°C 64 24.o0 c 62 34 .s0 c 4 1S4 
60 56 80 

3 58 56 144 
50 38 44 

f ?':, ,;,,:- 60 48 ...§! 
!(¥ Ave 58 Ave ,52 Ave 98 
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Table 2 (continued) 

Before addition and After addition and 

Group removal of Tyrode removal of Tyrode 

·t i 
(nine times) 

.~·,: I 
. ,,~-

Temp HR Temp HR Temp HR 

2s0 c 70 25°c 58 3s.s0 c 126 

. ·w· ti1· 
72 64 134 

\}_:. 4 68 60 110 

70 62 122 
56 .il· ...ll 

Ave 67 Ave 57 Ave 106 

" 24 .s0 c 24 .s0 c 34.S°C 
:},l,· 64 56 92 l 

64 58 134 
,, 

1 • 

5 52 36 52 I 

64 56 116 ' i' 
64 §.§. ill 1.~ 

Ave 62 Ave 53 Ave 102 t; 

25 .s0 c 54 26.0°c 44 35.o
0

c 
i: 

82 
56 42 70 

6 70 64 138 
66 62 136 
§! 60 130 

Ave 63 Ave 54 Ave 111 
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11. The Effect of Microwave Radiation (24,000 Megacycles! on 

Morphology and Function of Rat Testis 

Samuel A. Gunn, M. D. , Thelma Clark Gould, Ph.D., 
and W. A. D. Anderson, M.D. 

Imig et al1 have reported that exposure of the testis to microwave -- . . 

radiation (3,000 megacydes) of 12 cm. wave length produced varying 

degrees of testicular damage confined to the seminiferous tubules, the 

interstitial tissue being apparently unaffected. Schwan and Li2 have 

stated that microwave radiation in excess of 3,000 megacycles has an 

effect mainly on the skin. . The purpose of this present study was to 

determine the effect of microwave radiation (24,000 megacycles) of 

1.25 cm wave length on the morphology and function of the rat testis. 

In the course of studies on the rat prostate it has been shown that 

administered zn65 concentrates to a high degree in the dorsolatetal 

lobes of the prostate, 3 paralleling the rich natural zinc content of the 
/ 

gland. 4 More recent ex~riments have demonstrated that the amount of 

zn65 taken up by the dorsolateral prostate is under the control of the 

male hormone. 5 16 In the present studies the zn65 uptake method was 

used to determine whether or not exposure to microwave radiation would 

produce any dysfunction in the pituitary-testis-prostate endocrine chain. 
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Materials and Methods 

Mature 16-week old male Wistar rats weighing 350 to 400 gm were 

· used in these studies. Three groups of animals, consisting of 30 to 40 

rats per group, were anesthetized with ether and exposed to microwaves 

(24,000 megacycles; l. 25 cm wave length) a distance of 7. 6 cm from the 

antenna (power density O .250 •.vatts/cm2). The microwave-generating 

equipment used was described in a previous report by Deichmann fil al. 7 

The exposure was such that the scrotal-testes area was the only area 

being radiated. The experiments were conducted in a 1,130 liter ex

posure box equipped with a 3/4 ton air conditioner so that the tempera

ture in the chamber was maintained at 2.1°c :t 1 °c. Each group of 

animals was the same distan-.::e from the ante.r.;1a and was exposed to the -.. . 

·. same power output. The only variable was the length of time of expost:re. 

One group of animals was exposed to micro·waves for 5 minutes, another 

group for 10 minutes and the third group for 15 minutes. Intratesticular 

temperatures were taken with a YSI Thermis Temp Telethermometer 

(Yellow Springs Instrument Company) during and after the periods of 

exposure. Various time intervals after exposure to microwaves zn65 

studies were undertaken on these animals to determine the functional 

state of the dorsolateral prostate. (Tubles l and 2 ) 

Five-?vfinute Exposure Group: The 5-minute exposure group was 

divided into 3 sub-groups, consisting of l O rats per sub-group. One 

- 43 -
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sub-group was administered zn6S intracardiacally (O .04 pc/gm) 5 .. days. 

post-exposure to microwaves, and the other 2 sub-groups were admin
istered the same dose of zn65 12- and 45-days post-exposure, respec

tively. In all cases 24 hours following the Zn 65 injections the animals 
w;~e sJcrmced. One dorsolateral prostate from each animal was 

dissected, dried, weighed and counted for radioactivity, as described 
in previous publications. 8 , 9 The opposite dorsolateral prostate and both 
teltes (rem each animal were removed for histopathological study. The ."_/.J 

tissues were fixed in l O per cent neutral formalin, cut at 7 micra, and 
stained with hematoxylin and eosin.· 

:,> Ten~Minute Exposure Group: The ten-minute exposure group was 

divi.ded into 4 sub-groups, consisting of 10 rats per snb-group. Each of . ( . 
the 4 sub-groups was administered zn65 5-, 12-, 19-, and 28-days post
exposure, respectively. Twenty-four hours later the dorsolateral 

prostates were removed for counting as described previously. Dorsolateral 
prostates and testes for histopathological study were also taken. 

Fifteen-Minute Exposure Group: Thei 15-minute exposure group was 
divided into 2 sub-groups, consisting of 15 rats per g·roup. Each of the 

~~ 
. sub-groups was administered znu" 5- and 28-days post-exposure, 

respectively. Twenty-four hours later the dorsolateral prostates were 
removed for counting as described previously. Dorsolateral prostate and 
testicular tissues were also taken for histopathologlc.al study. 
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The results of the preceding experiments necessitated repeating the 

microwave exposure studies with hormone administration. Two more 

groups of animals were exposed to microwaves as described above (30 

rats per group). One group was exposed for 5 minutes, the other group 

for 10 minutes. (Table 3) 

Five-Minute Exposure Group: The 5-minute exposure group was 

divided into 3 sub-groups, consisting of 10 rats per sub-group. Six-days 

post-exposure to microwaves 2 of these groups were given hormones, the 

other group serving as an untreated exposed control. One hormone group 

was administered 1 Lu. of chorion le gonadotrophin* daily for 6 days. 

The other honnone group was administered 200 pg of testosterone 

propionate** daily for 6 days. Twelve-days post-exposure zn65 was 

administered to all 3 groups, and 24 hours later the dorsolater.:11 prostates. 

were removed for counting as described previously. Dorsolateral 

prostate and testicular tissues were also taken for histopathological 

study. 

*Administered in 0.2 ml physiological saline subcutaneously. 
Supplied by Parke, Davis and Company. 

**Administered in O .2 ml sesame oil subcutaneously. Supplied by 
th~; Schering Corporation. 

- 45 -

·- . -- .. ..:._ ----~ ~--·-- - . -··-· ·--· ··- . ... . -- --·- --· . . 

--



L 

.,,.. + --~- - ----........ 

Ten-Minute Exposure Group: The IO-minute exposure group was 

divided into 3 sub-groups, consisting of 10 rats per sub-group.. Thirteen

days post-exposure to microwaves 2 of these groups were given hormones, 

the other group serving a·s an untreated exposed control. One hormone 

group was administered 1 i. u. of chorionic gonadotrophin daily for 6 days. 

The other hormone group was administered 200 pg of testosterone 
/ 

propionate daily for 6 days. Nineteen-days post exposure zn65 was 

administered to all 3 groups, and 24 hours later the dorsolateral prostates 
were removed for counting as described previously. Dorsolateral prostate 
and testicular tissues were also taken for histopathological study. 

Whenever microwave-exposed animals were given zn 65 and sub

sequently sacrificed, an unexposed control group of animals of the same 
age and size was given zn65 and sacrificed by the same techniques. 

Dorsolateral prostates and testes from unexposed control animals were 
also prepared for histological study. 
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Pathological Studies 

Five-Minute Exposure Group: Six-day Sacrifice. Most animals 
showed no damage to scrotal skin. A few animals showed small second 
degree bums. The testes were slightly enlarged with marked pallor. 

Micrcscopicaily all testes showed moderate to severe edema. Most 
testes showed no tubular damage. A few testes showed small areas of 
tubular degeneration. Interstitial tis sue was a;:,parently unaffocted. 

Thirteen-day Sacrifice. Scrotal skin was normal, and testes 

appeared normal. Microscopically there was slight to moderate edema. 
The tub•Jles and interstitial tissue were normal appearing. 

Ten-Minute Exposure Group: Six-day Sacrifice. · The scrotal skin 
showed small areas of third pegree bum. The testes were small with a 
few opaque areas. Microscopically the testes showed foca! areas of · 
coagulation necrosis. The majority cf tubules showed moderate to severe 

/ degeneration with only occasional normal tubules present. Of marked 
RJ' > interest was the apparent normal appearance of the interstitial tissue. 

•,1·-' 

.. ___ ,,_ --- .. -

. 
. 

Thirteen-day Sacrifice. Scrotal skin bums were healed. The testes 
were small with opaque areas present. Microscopically the process of 
repair was in progress. Tubuler debris was not present. Tubules were• 

showing regeneration of cellular elements with active spermatogenesis 
present. Interstitial tissue showed hyperplasia with normal appearing 
cellular elements. 
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Twenty and Twenty-eight day Sacrifice. Essentially same as 13-day 
! • 

sacrifice. 

Fifteen-Minute Exposure Group: Six-day Sacrifice. There were 

. extensive third degree burns of the scrotal skin. The testes showed many .:..::::..- r- , ··~ - ~.i{ . .. ~ 

\ .·•·:---·,_/ 

opaque areas, hemorrhage and collapse. Microscopically there was ex

. tensive coagulation necrosis of the seminiferous tubules, interstitial 

tts~ue .and vascular tissue. 

Twenty-nine day Sacrifice. The scrotal skin was healing. The testes 

_; · were fibrotic and reduced in size. Microscopically the tubular outlines 

were devoid of germinal epithelium. The interstitial tissue had 

r;generated and appeared normal. 
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Summm 

Pathological studies showed that exposure of the scrota of rats to· 
microwaves (24,000 megacycles; L25 cm wavelength) a distance of 7 .6 
cm from the antenna (power density 0.250 watts/cm2) for 5-, 10- and 
IS-minutes resulted in minimal, moderate and severe testicular damage, 
respectively. The experiments also showed that following exposure to 

microwaves androgen levels were diminished as indicated by the failure 
of the dorsolateral prostate to concentrate zn65 at normal levels. In the 
experiments conducted to data the zn 65 uptake levels had not returned to 
normal values as long as 29-days post-exposure to microwaves. In the 
studies on S -minute exposure the cause of the diminished androgen out
put appeared to be due to a lack of sufficient gonadotrophin (LH) ou_tput 
by the pituitary, since zn 65 tiptake by the dorsolateral prostate was 
restored "to control levels by the administration of either testosterone 
propionate or chorionic gonadotrophin (LH). In the studies on 10-minute 
exposure the cause of the diminished androgen output appeared to be two-· 
fold: (1) a lack of sufficient gonadotrophin (LH) output by the pituitary, 
and (2) a failure of the interstitial tissue (leydig cells) of the testts to 
respond fully to whatever trophic hormone was being elaborated. The 
experimental evidence for this was that although the Zn65 uptake by the 
dorsolateral prostate was returned to normal levels by the administration 
of testosterone there was no increase in zn65 uptake following the 
administration of chorionic gonadotrophin. 
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Table l 

Intratesticular temperatures developed in the rat after 5- and 10-
minutes of exposure to microwaves (power density 0.250 watts/cm2), 
and the pattern of receding temperatures after termination of exposure. 

----------r- --·-·---· ·----·-·-----·-··-

Time in 
Minutes 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

i Intratesticular Temperature in °c 
'-------------------' ! 
! 5-Minute 10-Minute 

Exposure Exposure 
-----·---------------

<35 .o 

36.1 

37.5 

38.7 

39.8 

f<35 .o 

MICROWAVES- - - - - OFF 
38.7 

36.1 

37.5 

38.7 

39.8 

40.8 

41.8 

42.9 

37.8 

37.1 

36.5 43.7 

35.9 44.4 
MICROWAVES- - - - - OFF 

35.1 40.8 

<35.0 39 .2 . 

38.0 

37.2 

36.6 

36.0 

35.6 

35.2 

(35.0 

r .. 
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Table 2 

The effect of 5 - , 10-, and 15 -minutes of exposure to microwaves 

(power density 0 .250 watts/cm2) on the weight and zri65 uptake of the 

dorsolateral prostate (D. L. P.) of the rat. 

l• 
!! Weight of D.L.P. Total zn65 Uptake by D.L.P. lr·••·••···•·······--r···•··• .. ·····•··:•·················, ............ .. 

No. days/! ! Significant I ! Significant Exposure post- !! Percentage of! Difference j Percentage of l Difference Time i Exposure!! Control Value i from Control I Control Value ! from Control r- -- ____.;____ . . j - ---·-•· -I ~ . ---
--·- ---- ----- ·7- - -~ - --- --! ---------t ------ -------

1 6-daysl' 97.4% I -- I 64.9% I P<0.001 
5-Min. 13-days. 96. 2% I - - I . 61. 6% 1 P <.O .001 I, I I I 

! 46-days ii e x p e r i m e n t I n' p r o g r e s ; 

·····t.······ 11···· ·····l·· · ····1····· ·· ··i ············· 
6-daysll 84.0% I . 52.1% i P <0.001 I I 

1 13-days 82.7% ! P <O.l 44.1% 
10-Min. I I 

l. 20-days 1 79.7% P <0.02 41.3% 
I . I 

I 29-d:iyS 1 71.0% ! P (0.1 43.3% P <".0.01 . i · I . 
·•··········J·.··········· ................... l ................. ~ ....... ~ ... : ....... ••· ............... . I I ' I I 6-days 75. l¾ . P <O ~02 28 .8% l P <O .001 15-Min. i 

P <0.001 

P <0.01 

1 29-days 
I . I i • · · I 

·•••••• .................................................................................................... 4' ........................................ :" .................. . 

80.8% 23.6% P .(0.01 

~~'---------·~·---··-- ........ . 
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Table 3 

The effect or Chorionic Gonadotrophin (GT-1 i. 11.) and Testosterone 

Propionate (TP-200 pg) on the weight and zn65 uptake of the dorsolateral , 

prostate (D.L.P.) of the rat following 5- and 10-minutes -::,f exposure to 

microwaves (power density 0.250 watts/cm2). The value for the 5- and 

10-minute microwave exposed rats not treated with hormones are also 

shown. 

., I 

i! I · 
11.. ... ~~-~~.~~ .~!}~: ~~-~ ~·······1?~~~.1 .. ~~~~-?~~~~-:.~~.~ ... ~:~: I I - · l! l Significant : Significant 

Exposure Hormone jiPercentage of j Difference ! Percentage of Differance 
Time Treatmentj!control Value I from Control I Control Value from Control . ti·. --------

1 i 
Untreated/ 96.2% 61.6% P <(0.001 

5-Min. GT-1 i.u.l 130.8?~ P <0.01 107.7% 
/ I . :: 

TP-200 P~j 122 .0% I P <O .OS 108. 7% - - - # · I . . 

:~~~:~: ~:~::~:~1- --···::·i:: --, 1 
.. -~~ ~ -~ ~~ .. - .. ---··:: i:: ... -i --: -: : ~ :: : ----

: TP-200 jl~ 105 .5% i - - - 89 .9% I - - - · I ii j I I .................................. ,, ............................ ~ ............................. :. ........... ~ ................... _ ........................ ~ . 
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12. Effect of Microwaves on Mammalian Cells Grown in Vitro 

M. M. Sig_el, Ph.D., T. Burnstein, Ph.D. 

· Preliminary experiments were designed to test the effects of micro
wave exposure on monolayers of embryonic monkey kidney (EMK) cell 
cultures grown in plastic petri dishes in a room maintained at 24°c ! 1 
(still air). Following exposure to various dosages of microwaves, cells / 

were examined for viability as measured by microscopic appearance, 
tinctorial properties, and capacity to multiply. 

Methods: Monolayers cf sheeted EMK cells v,;ere dispersed by 
trypsin and cell counts were made. Cells were planted into specially 

. designed 60 · mm plastic petri dishes in concentrations calculated to show 
in 7 days: (a) a monolayer ot cells covering the entire surface of the 
dish; (b) numerous clones covering the dish, each consisting of about 
15-20 cells. Growth medium consisted of 90% Eagles medium and 10% 
calf serum. Petri dishes were placed in a special designed chamber and 
incubated at 37°c in an atmosphere of 95% air and 5% carbon dioxide. 

For exposure to microwaves, media was removed from dishes and the 
· covered dishes were placed on the exposure rack at distances which 
would give exposure of 300 or 700 mw/cm2 of radiation. Following 
exposure media was added back to dishes and the cells were examined 
subsequently for effects. 
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Viability of cells following treatment was determined by staining 

with trypan blue to stain for dead cells, neutral red for viable cells, 

and tetrazolium chloride for the reduction of the salt by dehydrogenase 

with the production of a red color. 

Results: Following exposure, complete sheets (1 million) of cells 

were trypsinized and examined for destruction zones and stained with 

'trypan blue. Cells were counted for percentage of viability. 

NO. 

1 

2 

3 

4 

5 

·6 

7 

EXPOSURE 
in mw/cm2 

300 

300 

300 

55 

) 
55 

55 

Controls 

TIME VJABIU'IY 
in minutes in per cent 

1.5 75% 

3 75% 

.75 80% 

10 54% 

25 49% 

45 43% 

None 80% 

Based on trypan blue counts, plates No. 4, S and 6 showed a higher 

percentage of stained cells. Either this could be explained by the in

creased permeability of living cells due to exposure of microwaves or 

that stained cells were simply nonviable. 
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Cells were exposed for varying periods of time at either high or low 

density and observed microscopically at selected time inteIVals after 

exposure. Criteria for microw~ves were zones of cellular necrosis as 

shown by lack of staining with neutral red in plates receiving high density 

rays and inhibition of clonal development in plates re·ceiving low density 

exposure. 

MICROWAVES ON COMPLETE CELL SHEETS 

Exposure (mw/cm2) 
Effects of Microwave 

Minutes Exposure 

300 

300 

300 

None 

3 

5 

7 

Micrqscopically Neutral Red* 

Few rounded cells none 

Small zone rounded 
cells slight 

Large zone rounded 
cells distinct 

Normal cells none 

*Presence of central 2.one of 
unstained (non-viable) cells. 

MICROWAVES ON CLONES OF CELLS 

· Exposure (mw/cm2) Minutes No~ of Cells in Clones on days* 

1 3 s 

ss 15 30 85 )200 

55 30 40 120 )200 

Controls 0 36 100 )200 

*After exposure 
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A preliminary experiment was conducted in which complete cell 

sheets exposed to 300 mw/cm2 for 10 minutes were tested for 

dehydrogenase activity by the tetrazolium reaction. A final concentration 

of • 2% tetrazolium chloride was added to plates, which were then 

returned to the incubator. Plates were examined microscopically at 15 

minute intervals. At approximately S hours, red gL"anules were noted in 

normal appearing cells and were absent in cells which appearad abnormal. 

When held up to the light, a clear zonal effect was observed, i.e., a 

central zone of unstained cells surrounded by an area of stained cells. 

,, 
Conclusions: If any conclusions can be drawn from the above 

experiments, it would a_ppear that exposure to 300 mw /cm2 can destroy 

cells. It is important to point out that even though the room temperature 

was kept constant (24°c : 1), the temperature of our preparations was 

not controlled and it is probable that the destructful effect was one of 

heat. The zones can be explained by the fact that the proximity of the 

plates to the antenna was such that only the central area of the plates. 

received t'.vice as much exposure as the edge of the plate. 

The plates which received the lower density exposures (55 mw/cm2), 

were placed at a distance calculated to allow the complete plate surface 

to receive more uniform exposure • Indications are that ceUs expo~ed to 

these densities were essentially unaffected by microwaves, as measured 

by the parameters of growth of cells and tinctorial properties. It ls 
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possible, however, that exposed cells are altered in other ways, e ,g., 

susceptibility to virus infections, malignancy, antigenic make-up, etc. 
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13. Effects of Exposure to· Microwave Energy and Infrared upon the 

Behavior of Rats 

Robert B • Tallarico and John Ketchum 

The chief purpose of the behavioral studies reported herein was to 
provide information of the effects of microwaves on the behaving organism. 
Since the morphological and behavioral studies were being performed 

concurrently in the laboratory, the latter followed the microwave-energy 
conditions of the former. 

The microwave-energy equipment, infrared equipment, and initial 

exposure harness that were used in these studies have been described 

fully by Deichmann, Stephens, Keplinger, and Lampe (1959). The radar 
apparatus had a frequency of 24 ~ooo megacycles (wave length 1.25) that 

was emitted by a pulsed magnetron. The infrared source was a 250 watt 

General Electric heat lamp. The equipment used to control the thermal 

effect of heat in the exposure chamber has been described by Deichmann, 
Bernal, and Keplinger (1959). Unless specified as otherwise, t.'le 

temperature of the laboratory environment for these studies was 

23°c ! 2°c: it was maintained by an air conditioner. 

Stµdy No. 1 -- Immediate Effect of Radar on a teamed Habit 

The execution of the exploratory work began in Apnl. 1959. At that 
time, the initial exploration was the selection of the lever-preaatnQ 
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response in a modified Skinner Box as an independent variable. 

Animals: Eight male hooded rats were used. By their appearance the 
tats were judged to be normal healthy animals of about the same weight, 
and approximately 2 00 days old. 

Care and Maintenance Schedule: .l\11 rats in the studies reported were 
housed in individual cages where they had free access to water. In this 
study each rat received 10 grams of Purina Lab Rat pellets in addition to 
what he could eat during a 15' period in the modified Skinner Box. Each 
food tablet obtained in the Skinner Box weighed 45 mg. The animals were 
not worked on weekends. Consequently, each rat in all the studies 
received 30 grdms of food which was to last from 1600 hours Friday to 
0900 Monday morning at which time training was resumed. The tempera
ture of the environment was approximately 22°c ! 2°c. 

Apparatus: A modified Skinner Box was utilized, the chamber of which 
consisted of one cubic foot in size with a common dimension of 12". The 
Jnnennost walls of the chamber were constructed of white styrofoam 
insulation which was covered with fiber glass. Through the front wall of 
the box, a transparent plexiglas lever extended about 1 1/2" into the 
chamber; the lever was 1,'Z" wide and 1/4" thick. It had the shape of a 
"T". The hole in the front wall was slightly larger than the dimensions 
of the lever. Also inside the box was a transparent plexiglas cup; the 
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bowl of the cup was 3/4" wide and 3/4" deep. The:cup was cemented to 
·~ .:.:;: .<;, . 

the floor and against the front wall Just to the le(t :of the lever./ Nothing 
' .. 

else was ~n\11{cha~ber. 1
· When a rat w~s in the·'iJk, hard~~re)clothWaJ:(· . ~ : ' jl :.· ;. . . C I l . '... . . Ii~· . l;,~·, 

.,, .· ·. :. · _::: 

·:!·:_~:;:;t ;, .,':: i·., 
A. ~, 

• "f, L' J'' }1'_': ,> •,", ,, I \t:~~- •:• ·:..., ' 'ti!" 
. .' .. · .. ·.' · .. j~· \.~~.'~. ·.·,., .. ,'•, . ~-- :4 {'•~ ~ ; 1· .,&:'_ • '!f • ' ,·,1 ,f : ,,· - . ..· ··•·,.,, Procedure:" A 1 :1 fixed ratio of food tablet per'press '\vas used'. ~ter · ; .. ,. "&' 

•• 
' '.•;{ ):: ". _1_ •• " ,:,•'::~ ' ._.: ··/ :f· . • 

the rats:.were' trained to perform the lever-pressing response as/a means .. ·<· :r) .:;:.: ,._ .• ,: . . .,··.. , . .>:. ,_ - . 
of obtaining '.°f~od ,. members of the Department of fharmacology suggested ,. . ,'/{ .:i: t" " 

that a sedes/of microwave-radiation conditions that· varied in the· duration, . . . : 
! , : ' ·: 

power density, and repetition of exposua·e should be· used to test their 

effect upon th~·acquired habit of lever-pressing. i-The animals were ' " : 
'\. ~. .,. ' 

·' . . 
divided after training into four groups; with each group of two animals 

'." :..',; '/l,,t • ,. 

receiving ~ne' of the following conditions for three,.;i'~ccessive' days: 
.;, . , ~ 

109 mw/cr!i2 ,for, 15', 109 mw/cm2 for 30', 30 mw/?'n,t2 for 60'; and no 
'. • ; 1~~- ''i "''" r· ~t · ~ -i,, • i. ,:1 . 11'< ;.~ .. ~:\k.1;,·.~1h~ 

exposure- at all • .- 1 ' 1 ' ' ';-, j.~Jt ·: ., ·· , 
~ 'i' ; ; . < ~-5.~, : ·,) ' ;;· . . . ' ; ;, ~ i~( t f ~ ~ ' ' . : 

1· ;~~r,, ' .~~ .. ,J t. .. 
- , , .,~ Result"sdTne results of the study pointed up fy,9 possible-phenome'na: 

-~ ·)J> > ·, •• £ ' g ~ { ' ; it- : . 
(lLth~ ~~irais -~h<? had received the 30' conditio~~t~~ who _were_ the o?ly 

ones placed immediately in the bcx after exposure showed a marked delay 
. . ·• , ' -, . ~ i.: . ~: ';: . 

. ..:'.r_prior,t.P adyan'.:cing to the lever and depressing it; (?.),there was·an ,. . r ,· -~ •i, ,~, j ri, ! ·~· . ,, ,, •. •'iii i •· 
! i l i. 1,; ' 

:_ ,( ~bs_e~td d~cie1ent in the rate of responding for \~f the ~ exposed 
! .: . • ,i Ml : ~ I · • ~-. ' · .,. ,::'animals compared to their own performance on the.'previous non:..exposure 

,.;. ;. , . . , ·. · · . -- · .. " \{:Zl, . ''. i;<;· J : 
· day. Further decrements were observed a'fter eacli"'day of exposure 'for 

'\ . ,.-.~.·.'.·;.,?_i;·\'}·t:.'-.:.r- · <!.. !•~- ·\! .~ .. _ .. ~-·,;t.t·'--\~ ·~, . three suc.c~ss~ve days. (Table 1) ;:r 
;;· 

'\~l \).I• . /' ·• 
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Conclustons: These effects could have been due to a thermal effect, 
an athermal effect, an after-effect of the restraining harness, or to 

unknown extraneous variables. However, the lever-pressing response 

revealed effects that might be due to radar • 

Study No. 2 -- Effect of Radar on the Retention of a I.earned Habit 
In June, 1959, exploratory studies were resumed. It became a 

relatively simple matter to gain some insight into the retention of an 
acquired habit.after exposure to microwaves. 

A,nimals: Seven of the eight animais of Study No. l were still avail
able in June, 1959. During the break between the two studies the rats . 
had no direct contact with the experimental apparatus. On the four days 
prior to the retest day, the rats were returned to a limit of 15 grams of 
food a day. During. these four days, it was possible for these rats to 
hear tha sound from the food mechanism of the modified Skinner Box while 
other animals were being trained in it. On the fifth day these animals 
ware placed singly back into the box. Two of the seven animals had not 
received any prior exposure to microwave radiation, and consequently, 

· served as some semblance as controls. 

Results: The results as measured by the number of responses emitted 
durtrig the 15' food-obtaining experimental period -- after an absence of 
one month -- were indicative of good retention ln both the control and 
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exposed animals irrespective of the duration, power-density, and repeti

tion of the previous microwave exposure. 

Conclusion: Retention of a well-established acquired habit by the 

radar exposed animals was not different from the control animals. 

Study No. 3 -- Control of the Thermal Effect of Radar and its Effect upon 

a Learned Running Response 

The initial study involving the development toward thermal control of 

microwave energy saw also the introduction of the runnh,g response as a 
I 

dependent variable. This response was chosen for a number of reasons: 

(1) the Junior author r.ad a great deal of experience and knowledge of how 

normal healthy rats behaved on a narrow, elevated, and interrupted run

way, (2) the animal's equilibrium and its sense of direction could be 

observed, and (3) the running response can indicate delay, disorientation, 

and can vary between fast and slow running times. 

Animals: Three CFN male rats, all approximately 100 days old, were 

used. The feeding schedule was coincided with the successful completion -

of the daily running response. In the case of all runway-trained rats, a 

single Purina Rat Lab pellet was placed at the goal (end) of the runway~ · 

Upon arrival at this point, the rat was picked up and returned to its home 

cage tcgether with 15 grams of food. 

Apparatus: Two sections of runway were used, each of which was 
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16" in height, 16" long, and 3" 1n width, constituting open, elevated 
running surfaces. A strip of two-inch white tape was placed down the 
middle of the wooden surface and formed a pathway effect. The pathway 
was interrupted by a 2" gap. A 9" x 9" card which contained alternating 
1/2" diagonal black and white stripes was pinned to the wall at the end 
of the runway. 

Immobilization in all the studies to be reported hereafter was 

managed with a modified body harness. The outside of the harness 
consisted of a rectangular frame made of 3/8" plywood. Fitted within 
this frame was styrofoam insulation material constructed in the shape of 
a wedge. The overall length was 12". The inner wedge began with an 
entrance which was 3 1/2" wide and tapered in width to 3/4". The 
wedge was 2" high. Small blocks of styrofoarri insulation were used to 
secure the rat once it had entered the wedge; then a heavy twine was 
laced across the rear of the wedge to hold the blocks firmly into place. 
A plastic screen covered the top of the wedge • 

Procedure: The animals were trained to perform the running response 
on the runway. Each animal was placed on the end of the runway facing 
away from the direction to the goal and the diagonal striped card. The 
response was made once daily until the behavior became near asymptotic. 
Running time was measured from initial placement on the runway· to the 
moment the rat touched the pellet of food at the other end. 
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All animals rer.;eivJ~: -~xposure to nr~1.:rowa·-~e energ~ of 250 mw/cm

2 

for 15', a 1/15 hp. blower directed air onto the animal (outlet velocity 

· 3230 ft/min, volume 140 cu ft/mLl'l at zero pressure). Immediately 

following exposure, each animal was placed directly from the expost:!·e 

harness into the running situatlon. 

Results: The daily testing of these animals revealed no apparent 

deficit in their running behavior, and no delays in running. From the 

standpoint of running times, all rats performed ~11oer!o!"l/ co the behavior 

which they haa :; hown prior to the radar exposure. Fourteen days after 

the first exposure, the animals were subjected singly to 250 mw/cm2, 

· intermittent radar 1:1 ratio, 11 ON, l' OFF, for 30'. The temperature in 

the chamber was 24°c :!: l 0 c; and the blower was directed at the animal. 

Again, there were no observable deficits incurred from this second 

exposui; c•rer the remaining six days ln which the response was studied. 

Table 2 shows the typical running times of these animals over some of 

the period <:>f observation. 

Conclusion: It was tentatively concluded that no apparent effects 

occurred to prevent the animals fo.)m operating efficiently on a narrow, 

elevated, interrupted runway. There appeared to be no noticeable delay 

in which the animai revealed its ability to perceive and to maneuver. 

Under the conditions of this experiment, the reaction was rapid and was 

executed wlth apparent total ~~lar control. 
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. . Momentartl}fit was decided to explore briefly the opposite end of the 
. contt.nuum from an acquired skill, that is, an innate reflex. -~vhat effect 

.. 

· :. v,ould microwave radiation have on a complex behavior pattern controlled 
. by tpe "older;'-bra.in centers? Such a reflexive response meant a saving . . 
in training. time; consequently, two studies were desfgned to obtain 
further-observations .related to kind of radar: continuous as opposed to 
intertnlttent microwave .radiation • 

. Continuous Exposure: The first study used four 100 day old CFN · '-m:~le'.tats·. The- animals were test-dropped after exposure at the same 
. ,,,·.·. -:- ;;,· 

·- -, . ~~' 

~tin'.ieJf;?ach day for a period of seven days, with three drops occurring each 
,., ,. __ .' ~:,' . : ~. 

·· . day/-: The animals were held by the legs upside down, released, and 
:~ilo~ed to drop about 18" onto a cushion. The reflex is incrediably 

~.,,~ .• ,,-.;,,;•••O•.' ;,cc; . . :' ,:· •.·;.• _.~· . • .:;· , 

... , .. ,f . 
',q~t,c~:,: a,nqusuc1lly occurred within 3" but sometimes extended to 6". 

- ... _;. "!'' -. •, ,.- ~ 

, '" 

. Ea~h animal was immobilized by a wedge-shaped holder that insured . : ::~lhe l~~~fion of exposure (250 mw/cm2 for 15") ~n the dorsal side, the 
f . : cervical vertebrae and higher. The exposure chamber was air-conditioned , ,, a'nd a 1/15 hp. blower was directed at the animal. The temperature in 

~ ,the charaber was 24°c ! 1 °c. Each animal was given the usual three 
:, ., 

test-drops within one minute of being taken from the exposura chamber. 

Results: The results indicated that three of the four animals displayed 

, . . . · .. /.~ 

. •• .: - __ ..... ~ . - J. -
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no observable impairment of the righting reflex. One animal, however, 

showed behavior which was suggestive of possible impairment -- the 

.·· hind quarter and tail dropped more rapidly than the upper portion of the 

body. On the third drop, however, this deviant behavior was not dis

played. 

Intermittent Exposure: The second study consisted of identical 

e:xp1::rim6i1tal procedures, except for kind of exposure. The microwave 

exposure was intermittent l:l ratio, l' ON, 1° OFF, 250 mw/cm2 for 15', 

30', and 40' respectively. Room temperature and air currents ware like 

those described under "Continuous Exposure". Six 100 day old CFN 

male rats were studied. Three animals were used as normal controls, 

and one animal was exposed to each of the above conditions. The 

animals were observed for five days. · 

Results: The results indicated, with :the possible exception of one 

/ 

animal, the exposed animals did not differ from the controls. The rat 

# 
exposed to the 40' intermittent condition always made the righting reflex, 

but on two occasions showed the same atypical behavior as the deviant 

animal in the previous study. 

Conclusions: The results of both studies suggest the conclusion 

that under the conditions of this experiment (continuous and intermittent 

· microwave radiation) the righting reflex was not impaired. 
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Study No. 5 -- Effect of Radar upon the Body Weight of Rats 

Intermittent ExpostJre: The availability of the 6 CFN rats from the 

, . • · . righting reflex study on intermittent microwaves offered an opportunity 

io observe another facet of the behavior of rats: the effect of intermittent 

· radar upon body weight. The daily body weights of the animals were 

- · · recorded for a period of 55 days. For about the first terl days of this 

l :'; .,'.' ·· }nterval, the animals received a food inta}:e of approximately 15 grams of 
•.• ,· • ..i 

. : Purina Lab Rat pellets. 

· Results: It was observed that the three control animals (those that 

had received no microwave exposure) were considerably heavier (355 to 

:-: 375 grams) than were the three animals which had been exposed (300-340 

. grams). Additionally, the microwave animals, themselves, were 

·. distributed along the bod}' weight continuum according to the amount of 

e_xposure each had received. The lightest animal was the one that had 

received the most intermittent exposure. 

For the remaining 45 days of the period of observation, all animals 

were placed on an ad libitum diet. Their relative position on the body 

weight continuum did not change during this long interval. 

Continuous Exposure: A second study was done in which six 90 day 

old Holtzman male rats (200 to 230 grams) were prepared for study. After 

·. one week of careful body weight observation, two animals were exposed 
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to 250 mw/cm2 for 15'. At this time the microwave equipment was set for 

continuous radiation. Two additional animals were placed along side the 

exposed animals in the chamber recejving the same 1/lS hp. blower and 

air-condition3d environment (24°G :t 1°c) as the radar-exposed animals. 

The two remaining animals received no alteration in their daily treatment. 

These six rat~ were observed for a iurfoer period of two weeks on a 

daily diet of 20 grarns, because .no guin in weight was observed on 15 .. 

grams for 4 days. 

Results: The results showed no discernable difference in the sub-

sequent individual hanc'!.:.ing of, body weights, regardless of treatment. 

Conclusions: Unfortunately, the righting reflex study had not allowed 

for pre-exposure data on body weights; consequently, no conclusions were 

drawn from the observations on body weight of the intermittent exposed 

animals. 

In summary, the strain, age, and change in amount of diet together 

with the kind and duration of exposure, may or may not have provided an 

adequate retest for the possible effects of exposure upon the metabolic: 

processes. 

Study No. 6 -- Effect of Infrared upon the Running Response 

Part I: Twelve CFN male rats approximately 130 days old, ranging 
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in body weight from 285-330 grams at the beginning of the study, were 

trained in the runway situation. The running response became perhaps 

"overleamed" as a result of the 24 day pre-exposure training period. On 

the 25th day, the animals were divided into two groups. One group 

-received exposure conditions which consisted of 5' of infrared at an 

intensity of 250 mw/cm2 • The second group received the same exposure 

but in addition a blower was trained on the air space between the reduc- -

tion screen and the top of the body harness. The blower was placed 

behind the animal at a distance of 18". 

Results: The observations of the two exposed groups were taken over 

a period of 16 days at the end of which there appeared to be no statistical 

difference (analysis of variance) between either the pre- or post-exposure 

running times for each group. (Table 3) 

Part II: A szcond study was done utilizing 10 Washington male rats, 

approxir.i.ately 90 days old with a range in body weight of 180 to 210 grams. 

It was felt that a replication of the results of the initial study would be 

advisable, particularly if there appeared to be no differences in• the effect 

when the age and strain difference were introduced. 

The animals were trained in the running response; and the pre

exposure training period consisted of 12 days. On the 13th day, the 

animals were divided into 2 groups and were given the same treatment _ 
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as ln Part I. The post-exposure period consisted of observations which 
i ' 

were maintained over 9 days. 

R9sults: Again, although these animals were younger, of a different 

strain, and less thoroughly trained in the running response, there were ,.·. 

no statistically significant differences (analysis of variance) found be-, 

tween the pre- and post-exposure running times for each group~ (Table 4) 

,. 

Part III: A third study was conducted in which six CFN rats approx-

imately 60 days old with a body weight range of 190 to 235 grams, were 

trained and exposed in the same manner as were the animals in the two 

above studies. The training p'3riod consisted of 8 days 01_1ly. On the 9th 

day, the animals were divided into two groups.· One group was composed 

of the three fastest runners, the other group was made up from the three 

slowest runners. Only the duration of the exposure condition was altered: 

an increase of one minute to a total of 6 minutes. The prediction was 

made that the slower group would become fast under infrared only, where

as the fast group would slow down under infrared plus blower. No 

speculation was made as to the number of days over which this phenomenon 

might continue. 

Results: On the day of exposure, after exposure, the prediction was 

upheld. However, the animals were observed over a period of five days 
\._: 

with no statistically significant differences (analysis of variance) being 
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observed between pre- and post-exposure periods for each group. (Table 5) 

Study No. 7 -- Effect of Infrared on the Lever-Pressing Response 

The final infrared study was conducted with the use of the familiar 

lever-pressing response in the modified Skinner Box. 

Animals: Eight CFN male rats approximately l30 days old, ranging· in 

body weight from 370 to 415 grams, were trained to obtain food by pressing 

the lever. The feeding schedule was 15 grams of food a day. The training 

period was sporadic ovar a two months period; however, the animals 
. . 

appeared capable of maintaining a near asymptotic behavior between in- · 

active periods of the training period. 

Procedure: The final pre-exposure training period was begun five 

days prior to infrared exposure. Detailed records were kept of the total 

number of responses made in the 15' work period, and the total length of 

time each animal actually spent depressing the lever. An electrical time 

clock was connected to the lever. 

On the 6th day, the animal; were divid~d into two gcoups: one group 

received infrared only, 250 mw /cm2 for S '; and the other group received 

the same exposure plus the blower. The post-exposure period consisted 

of 6 days. 

Results: No statistic?llY significant differences (analysis of 
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variance) were obtained between the pre- and post-exposure scores on 

either variable for each group. Table 6 reports the data on number of 

lever-pressi.ngs. However, a curious effect was seen in the animals 

which did not receive the benefit of air from the blower. Each animal 

evidenced a deficit in the economy with which it had previously estab

lished in the rhythm of its lever-pressing behavior. (Figure l) 

Conclusions 

To date, with the possible exception of Study No. 7, neither micro

wave nor infrared exposure conditions indicated results which would 

definitely suggest t:i.at the doses and conditions of exposure (temperature 

and air currents) as were used in the above studies produced any 

detrimental effects to rat behavioral patterns -- whether acquired, innate, 

or cognitive. 

It is believed possible that certain methods which were employed 1n 

the infrared studies indicated a possible excitatory reaction in the CNS 

of exposed animals. In particular, it was observed (Study No. 7) that 

animals engaged in the lever-pressing response and which received 

infrared only, exhibited a noticeably different post-exposure pattern as 

indicated by the total time spent actually depressing the lever. The 

excitatory reaction interferred with the highly precise (in terms of least 

effort) execution of the lever press. 
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Additionally, it was observed that 10 of the 14 animals used in the 

runway studies and which received only infrared, exhibited 'running times 

on the day of exposure, after exposure, which were faster than their 

mean running time over the next few days • On the other hand, only four 

of the 14 runway animals which were exposed to infrared and the blower 

showed a similar speeding up of the runway response. Whether or not 

this activity is a further reflection of excitation of the CNS remains to be 

determined in further experimentation. 

In spite of the lack of sufficient microwave data with which to 

parallel the infrared studies, it would appear that, should there be any 

atherrnal effects operating in the reported exposure conditions and over 

the periods of observation, such effects do not appear to be operating to 

the detriment of the behavior of the animals • Furthermore, by minimizing 

the immediate thermal effect by maintaining a brief period of exposure 

might allow any athermal property of exposure to manifest itself. That is, 

excessive heat might mask an atherrnal effect • 
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Table 1 

Mean Number of Lever-Pressing Responses 

During 15' in a Modified Skinner Box 

. C, .• 

{N=8 rats. Microwa'le conditions varied, see text) 

Experimental Sessions 

Pre-Exposure Post-Exposure 
• ----------

3 _2 1 0 1 2 
--,·-------·----------· -=--===== -· 

Mean 95.0 103.9 116.1 87.0 84.8 75.5 

12.2 11.2 6.4 15.1 10.3 15.1 

·' 
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Table 2 

Mean Running Times ln Seconds on an Elevated, Interrupted Runway 

(N=3 rats. Expos•..;rcs were 14 days apart. 

See text for exposure conditions.) 

Successive Trials 

Pre;_ Post- Pr0 2nd Post-Exposure Exposure Exposure Exposure ·----3 2 1 0 1 2 s 4 3 2 l 0 l 2 3 

Mean 32.8 38.4 8.7 8.6 8.2 6.1 3.0 3.5 2.7 4.1 2.8 4.9 6.2 7.7 3.5 
SE 

M. 
13.S 16.7 5.4 3.8 S.l 3.9 1.6 1.5 0.9 2.1 0.7 0.9 3.5\ 1.9 1.7 
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Table 3 

Mean Running Times in Seconds on an Elevated, Interrupted Runway 

(N:6 rats per group. Exposure was infrared, 
~SO mw/cm2 for 5'. A stream of air from a 1/15 hp. blower 

was directed in addition at. one grouµ.) 

--· 
Group 

Successive Trials 
-·--·---Pre-Exposure 

Post-Exposure 

Infrared 

And Blower 

Only 

Infrared 

Mean 

SE . 
M 

Mean 

s 4 

23.0 25.0 

11.0 12.7 

' 
11 .o , ·, 7. 7 

3.6 2.7 

3 2 l 

57.5 75.0 30.9 

20.l 36.l 10.l 

32.7 21.8 10.4 

11.4 6.7 4.7 

8RuMing times: 2.2, 2.9, 908, 13.7, 41.l, and 193.2 

0 l 2 3 4 

23.7 42.6 S7.4 61.6 39 .6' 

6.2 11.9 14.0 14.0 15.5 

43.Sa 29.5 14.0 14.8 15 ~5 
. 30.4 7.7 6.3 3.7 3.3 
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Table 4 

Mean Running Times in Seconds on an Elevated, Interrupted Runway 

(N=S rats per group. Animals younger and di!fe:~nt strain 

than animals of Table 3. Same conditions os Table 3 .) 

----
Group 

Successive Trials 

Pre-Exposure Post-Exposure 
s 4 3 .2 l 0 l 2 3 4 

Infrared Mean 83.0 93.2 87.0 60.l 76.2 61.8 82.3 66.5 so.a 52.9 
And Blower SEM 20.2 25.6 31.6 19.4 27.9 16.6 22.4 22.8 12.7 16.2 

Only Mean 85.0 71.9 45.4 44.6 31.6 22.5 48.7 31.1 30.2 35.5 
Infrared · SEM 38.6 29.8 15.2 16.6 10.4 4.8 16.8 12.5 a.o 6.7 
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Group 

Infrared 

And Blower. 

Only 

Infrared 
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Table S 

Mean Running Times in Seconds on an Elevated, Interrupted Runway 

(N:3 rats per group. Infrared expo~ure was 250 mw/cm2 for 6' 
Slow runners grouped and deliberately given 

Only Infrared condition) 

Successive Trials 

Pre-Exposure Post-r;xposure 
4 3 2 l 0 l 2 Mean 28.1 23.l 15.0 13.1 21.0 15.4 12.2 

SEM 9.4 6.6 2.0 1.7 5.3 3.0 1.0 

Mean 39.9 31.4 27.5 32.2 10.9 22.0 19.8 
SEM 4.5 8.3 5.1 11.4 3.8 1.0 4.4 

3 

14.6 

3.1 

39.3 

8.0 
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Group 

Infrared 

And Blowor 

Only 

Infrared 
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Table 6 

. Mean Number of Lever-Pressing Responses During 15' in a 

Modified Skinner Box ..... 

(N=4 rats per group. Infrared exposure was 250 nr..v/cm2 for S') 

Experimental Sessions 

:-:':''.•I 

_______________ .....,.. _______ _ 
Pre-EJ,posure _ Post-F;xposure 

s 4 3 2 l . 0 1 2 3 4 ·--··--·-- -·----· Mean 170.3 176.0 183.5 185.5 145.8 1.;s.a 177.5 187,5 192,8 14S,O 
SEM 12.2 15 .3 . lZ .4 11.6 10.8 19 .1 12,8 12,4 13,9 a.s 

Mean 163.S 171.0 185.8 189.3 149.6 161 .-o 184.8 191.8 188.S 153.8 

SEM 16.6 13.2 7.0 7.9 12.2 3.6 10.5 6.7 6.6 6.6 
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10,000 
INFRARED AND 

BLOWER 
9,000 

8,000 
,, 

7,000 . ·.: 
ONLY 

. '• •• .. 
Ei,000 . . . 

INFRARED . . . . .. . 
• 

5,()00 •······• • . . . . . 
• . 

4,000 0 

: 5 4 3 2 0 2 3 4 
EXPERIMENTAL SESSIONS 

. Fig. I MEAN TOTAL DURATION Or LEVER-PRESSING 

RESPONSES OF 4 RATS DURING PRE- AND POST
EXPOSURE DAYS. INFRARED CONDITION WAS 250 
mw/cm. 2 FOR 5~ SAME RATS ANO SESSIONS AS 
TABLE 6 . 
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