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One Hundred guinea pigs and 100 rabbits were irradiated in 
an anechoic room with continuous or pulsed microwaves in the 
10 cm wa✓e band at 3.5 mW /cm power density for 3 months, 
3 hrs/daily. Peripheral blood, bone marrow, lymph nodes and 
spleen were examined. Increases in absolute lymphocyte counts 
in peripheral blood, abnormalities in nuclear structure and 
mitosis in the erythroblastic cell series in the bone marrow and 
in lymphoid cells in lymph nodes and spleen were observed. 
These changes are a cumulative result of repeated irradiations. 
The underlying mechanism seems difficult to explain in terms 
of thermal effects. Extrathermal complex interactions seem to 
be more probable. 

THE EVER ENLARGING FIELD of microwave 
generator applications and their increasing power 

output necessitate a careful appraisal of the possible 

TABJ;E I. RBC, WBC, GRANULOCYTES AND LYMPHOCYTES 
IN GUINEA PIGS BEFORE AND AFTER A 3-MONTHS PERIOD 
OF IRRIDIATION WITH 10 cm BAND MICROWAVES AT 3.5 
mW/cm2, CONTINUOUS /C.W./ AND PULSED WAVE /P.W./. 
MEAN ABSOLUTE COUNTS/cm ± S.E. 

Granulocytes Lymphocytes 
RBC X106 - WBC X 103 X 103 _ X 103 

Before 
irradiation 4.98±0.09 10.39 ± 0.56 4.30 ± 0.35 4.95 ± 0.31 
After C.W. 5.09 ± 0.07 16.16 ± 0.32 3.55 ± 0.32 10.76 ± 0.53 
Before 
irradiation 4.87 ± 0.06 10.28 ± 0.56 4.02 ± 0.40 5.05 ± 0.34 
After P.W. 4.97 ± 0.05 15.57 ± 0.64 4.15 ± 0.59 10.27 ± 0.54 

TABLE II. BONE MARROW COMPOSITION IN CONTROL AND 
IRRADIATED GUINEA PIGS /3 MONTHS, 3 HRS. DAILY, 10 cm, 

3,5 mW/cm2/. PERCENT, MEAN VALUES. 

Myeloid Reticulum 
Erythroblast Cells Lymphocytes Cells 

Control 26,7 63,3 4,6 5,4 
After C.W. 20,5 62,4 8,0 9,1 
After P.W. 19,6 61.3 8.2 10,9 
1 month after C.W. 21,5 57,6 10,0 10,9 
1 month after P.W. 18,1 58,8 11,8 10,6 

1196 Aerospace Medicine •<'November, 1971 

r/2--(11)!!17 C -ttJ 

hazards both to the professionally exposed personnel 
and the general popula,tion. Untoward effects of 
chronic microwave exposure on the blood and blood
forming -system were stressed by certain investiga
tors1•3•5•11·12•14 and repudiated by others.6•7•13•15 It seemed 
worthwhile to attempt an e:x;perimental verification of 
this question, not only because of its theoretical in
terest, but also from a purely practical point of view, 
hematologic methods being one of the best suited for 
routine mass examinations.7,8,9 

METHODS 

One hundred guinea pigs and 100 rabbits were ir
radiated in an anechoic room in nylon mesh wooden 
cages with microwaves of the 10 cm wave band, 50 
of each species with continuous wave (C.W.) and 50 
with pulsed waves (P.W.). The power density, meas
ured in air, was 3.5 mW/cm2 and controlled periodically 
during the experiment.. If the disturbance in the electro
magnetic field by the irradiated animals is omitted, the 
exposure dose in air /power density/ was determined 
and constant wHh an accuracy of + 15%. The -animals 
were irradiated along the long body axis, i.e., im
mobilized with the head towards the antenna, 3 hrs. 

JO 

i 
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Fig. 1. Absolute lymphocyte counts in guinea pigs during 
various periods of experiment- cell number x 103/cmm. On the 
left the initial value before irradiation, subsequent histograms 
show the values immediately after a 3 month irradiation period 
and during 4 consecutive weeks after its termination. 
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CONSEQUENCES OF APOLLO FLIGHT DIET-HANDER ET AL. 

with the subjects fasting. Laboratory exarµmations, in
cluding a complete blood count, serum ~lectrophoresis, 
selected serum chemistries and endocrine parameters, 
were performed on each sample. In addition, body 
fluid volumes were determined both pre- and post-diet. 
Total body water, extraceUular fluid, plasma volume, 
and -red cell mass were determined using 3H water, 35S 
sulfate, 125I human serum albumin, and 51Cr N:a;Cr04 

respectively. 
Exercise response was determined for each subject 

_ both pre- and post-diet using a bicycle ergometer. 
Cardiova,scular efHciency, pulmonary efficiency, me
chanical efficiency, and metabolic function were deter
mined. 

RESULTS 

A detailed analysis of each of ·the parameters meas
ured is included in Tables I through IV. The values 
shown are mean values for all six individuals considered 
as a population unless otherwise noted. Determination 
of significant variation from control (pre-diet) was 
made using an unpaired t-test with ·the significance 
limit set at .01. All significant variations from control 
values are marked with an asterisk ( 0 ) in the tables. 

Table I ·includes all values for serum and blood for 
pre-diet, third day of -diet, and post-diet samples. There 
were no significant variations from control values noted. 

Table II includes all values for 24-hour urine analysis 
for one day pre-diet and for each day of ;the diet. As 
will be noted, a significant variation in, phosphate ex
creHon was observed on the last three days of the diet. 
No other significant variations were observed. 

Table III includes ail values for extravascular body 
fluids · and blood volume as determined pre-diet and 
post-diet. There were no significant variations noted. 

Table IV includes all values for exercise response 
tests as determined both pre- and post-diet. A signifi
cant variation will ibe noted in the respiratory exchange 
ratio during exercise in the metabolic function column; 
no other significant variations were observed. 

DISCUSSION 

In all but a few parameters measured the variations 
noted were well within the fluctuations noted in the 
population during the control determinations. Even in 

the few cases of significant variations, the values stayed 
well \vithin the limits considered normal. 

The significant variations noted can be explained 
from .the diet analysis. Phosphate excretion was ele
vated on the last ·three · days of the diet, probably in 
response to an elevated in:take. The only other signif
icant variation observed was in the respiratory exchange 
ratio ( RER) during exercise. The diet consumed con
sisted of 50% carbohydrates, 32% fat, and 18% p:mtein. 
The elevation of the RER is therefore thought to be 
due to a change to a high carbohydrate diet. 

Dietary interference with the analysis for certain 
hormones which had been mentioned as a possible con
sequence of th_e diet was not apparent.4 

SUMMARY AND CONCLUSIONS 

From the abqve data it appears that the changes ob
served in space Hight are due to some factor or factors 
other than the ,type of diet consumed. A remarkable 
stability of values has been demonstrated for normal 
individuals consuming the diet for five consecutive 
days. There were no significant variatrions noted in 
serum electrolytes, endocrine values, body fluids, or 
hematologic parameters. 

It should be pointed out that in the Apollo program 
flight crews have not sustained as high a caloric intake 
on this diet as did the subjects in this study. The Hight 
crews also remain on the diet for a period of 10 days, 
twice the period of this study. It is felt however, -that 
any significant or important changes in the parameters 
of interest would be manifest after a period of five days. 
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EFFECT OF MICROWAVE IRRADIATION ON BLOOD FORMING-BARANSKI 

daily, during 3 months ( Sundays excepted), i.e., a 
total of 228 hrs. Room temperature was 18-20°C. In a 
control series of animals the temperature was measured 
after a 3 hrs. irridiation session at various body points 
- skin, subcutaneous tissue,· body cavities, internal 
organs. After individual irradiation sessions rectal 
temperature was controlled periodically. No increase 
over 0.5°C over the initial temperature was found in 
any instance. Fifty guinea pigs and 50 rabbits served 
as controls. · 

In guinea pigs RBC, WBC and differential count were 
determined before ,the irradiation ,period, immediately 
after its termination and 1, 2, 3 and 4 weeks later. In 
each group, C.W. and P.W,; bone marrow, spleen and 
lymph nodes were examined immediately after .the 
termination of the irradiation period (20 animals) and 
4 weeks later ( 20 animals). In 10 animals of each group 
mitotic indexes ,after colcemide administration 1.2 mg/ 
kg body weight were determined using the balanced 
field ,count. An additional group of 10 guinea pigs was 
irradiated for 4 months and the mitotic indexes de
termined. In rabbits only WBC and differential count 
before .and after the irradiation period were examined. 
A more detailed description of the methods used may 
be found in previous publioations.1•2•

4 

RESULTS 

Table I presents the peripheral blood picture in 
guinea pigs. RBC was not influenced by irradiation, 
WBC increased significantly. Differential counting 
demonstmtes that this was caused by a marked 
lymphocytosis, the number of granulocytes remaining 
·at the same level. The peripher,al blood picture in 
rabbits behaved in the same manner. The RBC re
mained unchanged.· WBC increased from the mean 
initial value of 6,500/cmm to 13,200 after PW and 14,-
000 after CW on the mean. As shown on Figure 1 the 
lymphocyte number increased slightly during the first 
two weeks after the termination of the irr,adiation period 
and from ,the third week showed a tendency to normali-

Fig. 2. Mitotic and nuclear chromatin structure abnormalities 
in a spleen imprint preparation. 

zation. 
As seen from Table II no significant changes in the 

procental composition of the bone marrow was found 
to occur. Cytologic ·analysis demonstrated however 
profound qualitaitive changes in the erythroblasts. 
Abnormal chromatin structure in nuclei of these c.ells, 
karyolysis and fragmentation of nuclei were present. 
The abnormalities in nuclear structure consisted in the 
presence of hyperpycnotic chromatin clumps in a pale, 
understained nucleus. A similar phenomenon was seen 
in mitotic chromosomes which had pycnotic segments 
a1ternating with chromatic gaps. Many mitoses were 
abnormal, showing clumping of chromosomes, chromo
somal bridges and splitting off of chromosomes. It may 

~·---"'"' ' 

Fig. 3. A metaphase plate with abnormal chromosome struc-
ture ( hyperpycnotic regions) in a lymph node imprint prepara
tion. ' 

·, 
' 

•J 
Fig. 4. A chromatin bridge between two daughter erythro

blasts ( bone marrow) . 

Aerospace Medicine • November, 1971 1197 



EFFECT OF MICROWAVE IRRADIATION ON BLOOD FORMING-BARANSKI 

be noted here that identical abnormalities were also 
seen in lymphocytes in imprint preparations of the 
spleen and lymph nodes. These phenomena are illus
trated in Figures 2-5. In view of this a more detailed 
analysis of the erythroblastic system was made. As 
seen in Figure 6 immediately after the irradation peri
od with PW a marked depression in proerythroblasts 
and basophilic erythroblasts exists, the maturation 
curve being shifted to poly- and orthochromatic ery
throblasts. The same is seen after C.W. but in a lesser 
degree. One month later (Figure 7) normalization oc
curs. 

Fig. 5. Karyorhexis in an erythroblast ( bone marrow). 
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Fig. 6. Maturation curve of erythroblasts in guinea pig bone 
marrow immediately after termination of a 3 month period of 
irradiation with pulsed or coi:itinuous microwaves, as compared -
with controls. M - mitosis, Pro-E proerythroblasts, BE - baso
phylic erythroblasts, PE - polychromatic erythroblasts, OE -
erthocromatic erythroblasts. 

1198 Aerospace Medicine • November, 1971 

The mitotic index in the erythroblastic system de
creases after 3 months irradiation, even more after 4 
months. One month after the termination of irradiation 
with C.W. the mitotic index returns to normal and afte.r 
P.W. hypercompensation is seen, the ~itotic index 
being nearly twice the control value. These shifts are 
illustrated by Figure 8. No significant changes in the 
mitotic index of the granulocytic system were observed. 

In imprint preparations of lymph nodes and spleen 
a marked increase in lymphoblasts and reticulum cells, 
as compared with controls was seen. Abnormalities of 
nuclear structure and mitoses were analogous to that 
seen in the erythroblastic sy,stem. The overall picture 
was of stimulation of the lymphoid tissue. In histologic . 
sections loss of structure and signs of proliferative stim
ulation were observed in lymph nodes. Tahle III 
presents changes in mitotic indexes. 
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Fig. 7. Maturation curve of erythroblasts 1 month after ter
mination of irradiation, same animals as in fig. 6. 
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Fig. 8. Mitotic index of erythroblasts, six hours after colce
mide administration. 
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Heart rate and respiration rate response to para huting: Phys
iological studies o.f military parachutists via FM/F Telemetr,f-
Il. Aerospace Med. (11): 1200-1207. 1971. / 

Physiological and force-field data have been telem tered ;{rom 
18 military parachutists during 88 free-fall parachute J mP,s from 
5 types of aircraft with egress altitude varying from z(ooo to 
35,000 feet MSL. The heart rate profile exhibits a dou 'le peak
ed curve with the highest values near parachute qep oyment 
(157.7 BPM) and the second-highest rates near landing (155,7 
BPM), compared with baseline values of 77.4 BPM 1-hou pre
jump. The data indicate that egress, parachute deploy ent, 
and landing are the three most critical psycho-physiolo 'cal 
events during free-fall parachuting. Novices have higher he rt 
rates than experienced parachutists. Heart rate decreas s 
in a given subject as experience increases. The type of parachut 
equipment used has a significant effect on the heart rate re
sponse to free-fall parachuting. Respiratory rate values more than 
double during the jump (mean 32.1 BrPM at deployment) when 
compared with baseline conditions ( 15}i Br PM). The goal of 
this study is to enable better human el}gineering of new genera
tion egress and retardation hardware and to contribute to know
ledge of the psycho-physiology of dy,i'iamic environments. 

' - / 
/ 

/ 
A CONTINUING STUDY was initiated at the Naval 

Aerospace Recovery F~·tility in 1969 for simultane
ously acquiring multi-pararheter physiological and force 
data . from- military test/ parachutists . during free-fall 
parachuting. The primary objective of this study is to 
acquire and correlate P,hysiological and environmental 
parameters from parac~utists, so that engineers in the 
recovery system field qan design, develop, and put into 
the cockpit more Sc\->tisfactorily "human engineered" 
personal protective and survival equipment. A second
ary objective is to f~{rther our fundamental knowledge 
of the human psychp-physiological response to environ
mental stress. Azore complete rationale and back-

Donald H. Reid, Ph.D. ( LCDR MSC USN) and Hulen D. 
Doshier are wit\t1 Naval Aerospace Recovery Facility. Joseph 
E. Doerr is wit\;u,he USAF 6511th Test Group (Parachute). 
David G. Ellertson, M.D. (LT MC USNR) is a Flight Surgeon/ 
Test Parachutist attached to Naval Air Facility, El Centro. 
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ground to these experiments has been presented by 
Reid and Doerr.8 

METHODS AND MATERIALS 

Eighteen military parachutists ( 14 USN, 4 USAF), 
between 18 and 40 years of age, and with experience 
levels ranging from zero to 1,350 jumps, have partici
pated in 88 successful (physiological data obtained) pres 
meditated parachute jumps conducted between May 1969 
and 25 February 1971, at the Department of Defense 
Joint Parachute Test Facility which is at sea level ele
vation. Ten additional tests failed to yield usable data 
due to partial, or complete, telemetry failure. Over 35 
more tests were cancelled because of drop aircraft 
problems or adverse weather conditions. 

Electrocardiographic ( 3 electrodes/ actives placed 
isternally), respiratory rate (oxygen mask thermistor), 

a celeration ( linear accelerometers in signal condition
in unit), riser forces · ( 350-ohm str-ain gauges bonded 
to odified male Koch riser quick-release hardware), 
even marker (hand-held button), and jumper's voice 
( IRI 'E'), are the data routinely obtained with two 
parach tist-borne 9-channel FM/FM ,telemetry physio
logical/ ~ce-field data acquisition systems. These 
second g eration systems weigh nine pounds each and 
ar.e sandw'ched between the reserve parachute and the 
chest-abdo en area. RF transmitters (2-vVatts nominal 
output) use~ . with these 9-·channel units have been 
either "P" bat ( 220.0MHz) or "L" band ( 1485.5MHz) 
types. Since I~ December 1970, two third generation, 
15-channel telemeters, designed and fabricated at the 
Naval Missile Center for a study to define man's physio
logical response and tolerance to high speed through
the-air tow by operational aircraft, have been used in 
addition to the 9-channel units. In addition to the 
parameters monitored by the 9-channel •telemeters, the 
1.5-channel units are capable of obtaining four channels 
of body temperature data via thermistors ( 1 rectal 
probe; 3 skin sites) and one channel of barometric 
pressure ( 0-15 psia) with the sensor mounted on the 
oxygen mask suspension kit ( Figure 1). Rugged, ad-

-l 
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DISCUSSION 

The above-presented results may be summarized 

shortly that following chronic irradiation with micro
waves a marked stimulation of the lymphocytic system 

occurs as evidenced both in peripheral blood changes 

and the lymphoid ,tissue. Profound disturbances in 

erythropoiesis were seen in the bone marrow; never
theless sufficient compensation existed to conserve a 

normal peripheral red cell picture. In, other experiments 
it was shown that shorter periods up to 2 months of 

irradiation are insufficient to provoke significant 

changes.1 It is difficult to speculate what would happen 
if the ir1:adiation period were prolonged over 4 months. 

It should be pointed out that at least in this experi
mental system cumulative effects of repeated 3 hrs. 

irradiation sessions were clearly demonstrated. No 

significant ·temperature increases were observed in the 
irradiated animals and moreover the changes observed 
cannot be explained reasonably by repeated thermal 
stress. It seems noteworthy that nuclear structure and 
mitotic abnormalities were observed only in the ery
throblastic and lymphocytic cell series, the granulo
cytic series remaining normal. All these facts indicate 
that the underlying mechanism is a complex one. Any 

speculations as to its nature seem premature. It may 

be concluded, however, that erythroblasts and lympho
cytes seem ·to be a very interesting model for the study 
of interaction of microwaves with living cells and the 
underlying molecular and biophysical mechanisms. In 

this context it should also be pointed out that the 
results of the described experiments demonstrate similar 
interference of microwave irradiation with mitosis and 

DNA synthesis as in cells cultured in vitro.4•10016 An 

analysis of microwave irradiation effects on mitosis iri 
vitro and in vivo performed at our institute demon
strated that in vitro effects are even more conclusive, 

probably because of dying-off of abnormal daughter 
cells and preferential normal cell clone selection in 
vivo.4 Using tritiated thymidine for the analysis of 

DNA synthesis in lymph nodes of irradiated guinea pigs 
it was possible to demonstrate that this process is also 

influenced by chronic. microwave irradiation.2 A de
tailed analysis of effects on the lymphoid ·tissue is 
published elsewhere.2 

As ·to practical implications of the above findings it 

seems that lymphocytosis allied with the appearance 
of atypical cells of this series may be indicative of 
microwave overexposure. Changes in the bone marrow 
and lymph nodes may precede shifts in peripheral 
blood .. It follows that WBC and differential count de
termination are useful in health surveillance of micro
wave workers. Careful cytologic examination of the 

bone marrow may be helpful in clinical observation of 
cases suspect of microwave overexposure and unclear 
symptomatology. This last assumption needs, of course, 

confirmation on a statistically sufficient series of 

patients. 

TABLE III. MITOTIC INDEXES IN LYMPH NODES AND 

SPLEENS OF CONTROL AND MICROWAVE IRRADIATED GUINEA 

PIGS. 0/oo SIX HOURS AFTER COLCEMIDE ADMINISTRATION. 

Lymph Node Spleen 

Control 0.6 0.2 

After 3 months C.W. 3.5 0.6 

After 4 months C.W. 2.6 1.2 

I month alter 3. months C.W. 0.9 1.3 

After 3 months P.W. 2.2 0.4 

After 4 months P.W. 2.1 0.9 

I month after 3 months P.W. 0.7 0.5 
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