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above a , O O O  feet. 

Indians) were brought down t o  sea level f o r  adaptation studies, and others 

who had lived f o r  a number of years a t  8ea level were taken t o  an altitude 

above &,OW fee t  where the same type c l M c a l  work-up w a s  made. A nmnber 

of small, separate investigations on a c c h t l z e d  Indians were in pro- 

A t  various times, some of  these individuals (Peruvian 

gress - 
Carbon Dioxide Absorbers. Different methods f o r  removing carbon 

dioxide from sealed capsules w a s  under study. 

and purification of waste water in &ed l i fe  support systems waa also 

The recovery, recycling 

being attmpted. 

New Contracts. Three new contracts were in effect, tasks 7756-l.45, 

7758-132, and 7758-133 

Tasks Terminated. Five t a s k s  were bmina ted ,  as follows: 7752- 

10, "Field Test on the Uptake of Zarbon Honoxide by Tissues,t1 7758-72, 

"The Effect of Acclimatization on Enzyme Reaction Rates," 7758-73, 

The Physiological Effects of Czone," 7758-76, "Adaptation t o  Hypoda 

Stress at the Tissue and 7758-77, "The Effect of Great In- 

ternal Cold in Man.# 

Department of RadiobioloRy 

In addition t o  its f ac i l i t i e s  a t  Randolph, this Department staffed 

and operated the Radiobiological Laboratory, Balcones Research Center, 

Austin, Texas. This Laboratory w a s  established in March 1950, and was  

a jo in t  undertaking between the University of Texas  and the School of 

Aviation Hedicine. 
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The following tasks were under study by t h i s  Department in support 

of the biomedical e f f ec t s  of  atomic weapons and nuclear propulsion 

systems: 

7757-3 

7757-5 

7757-19 

1757-20 

7757-23 

7757-32 

7757-35 

7757-36 

7757-37 

7757-38 

7757-39 

7757-41 

Effects of Ionizing Radiation Upon Physio- 
logical and Psychological ,%ctions of 
Various Species (Contract with University 
of Texas) 

Biological and Medical Aspects of Ionizing 
Radiation (Contract with University of  
chicago) 

Effects of High Temperature aad Ionizing 
Radiation on Metabolism and hngevi ty  of the 
Wte Rat (Contract u i t h  Washington University) 

Swtahed  Observations of Occrarence of Latent 
Effects i n  h ~ o s  S u m i v i n g  300-500 r Total- 
Body Gamma Radiation (Joint Project with U. s. 
Atomic Energy C o d s  sion) 

Effect of 2adiation on Neurons and G l i a l  Cells 
by Tissue Culture Method (Contract with Uni- 
versi ty  of Texas) 

Analysis of Radiation Hazards in Operational 
Employment of  Atomic ileapons (In-horn e ) 

Effects of Ionizing . W a t i o n  and other Stresses 
of Importance in Air Force Operatiom (In-houm) 

Methods of Rapid Diagnosis and Prognosis in 
Acute and Chronic Radiation InJury (In-house) 

Physiological Aspects of Ionizing Radiation 
(In-house) 

Relative Biological Effectiveness of Different 
Ionizing Radiation (In-house ) 

Application of Doslmtric Techni ues and Equip- 
ment in  Biological Dose Studies s In-house) 

Analysis of Ionizing Radiation Hazards t o  Air- 
crews in  Operation and Maintenance of Nuclear 
Propelled Aircraft ( In-house) 
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7757-&2 

7757-43 

7757-50 

7757-51 

7757-53 

7757-51r 

7930-9 

9s 

Biological Effects of Cosmic Rays at Extremely 
High Altitude Air Force Operationa (In-house) 

The Mechanism of Action of the Thiouronium Class 
of Radiation Protective Agents (Contract wlth 
Albert E i x x t e i n  Medical Center) 

Effect of T o t a l  Body and h c a l  Irradiation on 
the Metabolism of the Hematopoietic Sgstem in 
Humans (Contract with University of  T e x a s  
Medical Branch) 

Radiation Biological Effectiveness Studies on 
Delayed Biologic Effects of Exposure t o  Fast 
Neutron versus Gamma Radiation (Contract with 

,Atomic Energy Commission, transfer of funds) 

Phannacolugy, Toxicology, and Biochemistry of 
Protective Compounds for Aircrews (In-house) 

4 

The Study of Radiation-Induced Radicals i n  
Chemical and Biological System (Gontract with 
Southwest Research Ins t i t u t e ,  San Antonio) 

Radiobiological Effects of Simulated Primary 
Cosmic Radiat ion (Contract with Yale University) 

The devwlopment, mdntenance, and employment of manned and unmanned 

nuclear weapons systems, the requirements of space travel, and the possi- 

b i l l t i e s  of nuclear power, presented the A i r  ?orce with a hos t  of-radio- 

biologic problems uhich were not yet sul'ficiently defined and understood. 

Continued analysis of antici2ated radiation hazards led t o  the SAM 

investigations of acute and chronic effects.  I n  certain instances 

long term cUnical  observation w a s  reqvbed before delayed radiation 

effects could be completely revealed. 

mnts were the continuing e f fo r t s  t o  collect ,  evaluate, and correlate 

biomedical data on nuclear accidents and the Japanese casualties. 

Corollary efforts were devoted to a characterization of radiation 

Complementing the animal experi- 

. 



'L 

L 

SAM- 28 96 

sickness and injury. New emphasis was placed on the search f o r  com- 

pounds which would protect  against o r  modify rad ia t ion  e f fec ts ,  mthoda 

and means of v i t a l  dosimetry, and ra t iona le  ar.d evaluation of  post- 

i r rad ia t ion  t r e a t m n t  technics. 

The varied types, ratios, energies, and schedules of nuclear 

r ad ia t ion  demanded f o r  research represented an array of experimsntal 

r ad ia t ion  sources beJTond the capab i l i t i e s  of any given in s t a l l a t ion  

or f a c i l i t y .  Consequently, the challenges of the SAM program uem 

nmt by u t i l i z i n g  a combination of in-house and contract  studies,  by 

collaboration between Air Force and Atomic Ensrgy C o d s s i o n  faci-  

lities, and through par t ic ipa t ion  a t  the Nevada and Pacif'ic Proving 

Grounds. The following is a resume' of the SAM program in radio- 

biology: 

The Mechanism o f  Action of the Thlouronium Class o f  Radiation 

Protective Agents. The development o f  protective drugs against 

rad ia t ion  injury w a s  an important task i n  nuclear propulsion oper- 

a t ions  and in development of effect ive kLandllng of an atonic disaster .  

The mechanism of these d r u g s ,  t h e i r  toxici ty ,  and the i r  protective 

form and s t a b i l i t y  were of paramount importance. 

llr, Bernard Shapiro, Albert Einstein X e d l c a l  Center, was investi- 

gat ing the mode by which thiouronium salts (AI?, protected animals 

against the damaging action of radiation. Such information would 

greatly f a c i l i t a t e  the discovery of  drugs more effect ive in pro- 

tecting agalnst  radiat ion damage and a l s o  which had less  tox ic i ty  

than the currant agents (amineothylisothiuronlm sa l t s ) .  Also this 
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research had the potent ia l  t o  yleld basic Information on the mechaaism 
L 

by which radiation produces its ill effects  on animals. 

Effect of Radiation on Neurons and GUal Cella by Tissue C u l t u r e  

Dr. C ,  M. Pomerat, University of Texas Medical School, Methods. 

searched f o r  m r e  Wonnation on the effect  of radiation on the neutron 

and gUal  c e l l s  of the central  nervous system. 

area of  radiobiology which had not been adequately explored, 

pose of Dr. Pomerat's work w a s  t o  grow neurons and g l i a l  c e l l s  by 

tisstle culture and study the effect  of irradiation on the cella as a 

This w a s  an important 

The pur- 

-9 3 

means of better understanding basic mechanlmm. 

Considerable progress was made toward maintaining the neutron 

and g l i a l  c e l l s  using a newly developed cellophane as a cover. 

logical changes result ing from irradiation were being studied with 

Cyto- 

L 
special  reference t o  giant c e l l  formation. 

Methods of Rapid Magnosis and Prognosis in Acute and Chronip 

Dr, Herbert Gerstner, under an in-house subtask Radiation Injury . 
ent i t led,  "A Study of the Acute Radiation Syndrome in Man," accom- 

pushed an irqportant piece of research. 

accumulated &ta on the HFroshima-Nagasaki SUrviPIvors, the group of 

Dr. Gerstner studied the 

Marshall Islanders accidentally exposed in 195& t o  a thermonuclear 

dedce,  and the case h is tory  comparisons of the Los Alamos, Argonne, 

Japanese, and Russian accidents. From this material, together with 

the findings obtained on 263 cancer patients exposed t o  known doses 

of therapeutic whole-body x-wadiat ion a t  the M. D. Anderson Hospital, 

L 
fIotrstOn, Texas, Dr. Gerstner described the four  dis t inct  stages of 

typ ica l  acute radiation s i chess .  
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of Hiroshima and Nagasaki were conducted and the subjects were beins 

observed for  long term effects  of ionizing radiation. 

symptoms as well as long term effects were t o  be compared with the data 

f r o m  the A t o m  Bomb Casualty Commission. 

E a r l s  c U c d  

Another subtask under 7757-36, en t i t l ed  "The Val- of the White 

Blood Cell for  Magnosfs and Prognosis of Radiation r_n3tq,* was 00 

being accomplished by Dr. Gerstner. 

nuclear powered vehicles and weapons r e a r e d  that crews and main- 

tenance men be repeatedly exposed t o  appreciable doses of  ionizing 

radiation. Themfore, it became necessary t o  determine the effects  

of previous exposure on human tolerance t o  subsequent radiation. 

first approach t o  t h i s  w a s  t o  expose rabbits t o  x-ray doses between 

100 roentgens (r's) and 500 r, and t o  run daily white blood c e l l  counts. 

Then after complete recovery, the animals 'Liere re-exposed t o  the saam 

doses, and uhen reaction t o  the second radiation exposure w a s  followed 

by complete recovery, a t h i rd  exposure w a s  perfornred. 

showed that repeated radiation exposure t o  relatively high doses would 

not lead t o  enhanced damage (as indicated by the white bhod c e l l  

count) when the interval between exposures vas long enough t o  a l low 

complete recovery of the bone rnarrou. 

several chedca l  agents was in progress. 

Operation and mdntenance of 

The 

The resu l t s  

21 
New experimentation with 

21. Gerstmr, H. B., and A. A. Gorman, "Effect of Repeated Whole- 
Body ](-Irradiation on the Peripheral White Blood Cell Count 
of Rabbits," SAM Report 59-52, February 1959. 

c 
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Bffect of Tota l  Body and Local I r r ad ia t ion  on the Metabolism of 

t h e  Hematopoietic System in Humans. 

T e u  Medical School, investigated this problem. 

D r .  U. C. Levin, University of 

If the biological  

response i n  man t o  ionizing radiat ions uas t o  be more accurately 

understood, it could only come from measuring that response in man. 

The use of whole-body radiat ion therapeut ical ly  offered one such 

means of adding t o  t ha t  understanding of human response, especially 

since in this case the dose could be measured with all desirable 
C' . 

. accuracy. 

Whole-body x-irradiation was used therapeutically at  the M. D. 

Anderson HOSpital, Galveston, Texas, in cer ta in  cases of cancer, such 

83 leukemia and metastatic tumors. lttenty pa t ien ts  had been treated 

with either 175 r or  200 r whole-body i r radlat ion.  Data on t h e i r  

hematologic response and ini t ia l  reaction we8 near completion. 

Bffect of Ionizing Radiation and Other Stresses  of Importance In 

A i r  Force Operations. 

normally not  encountered i n  ground operations. 

PlyLng involved many Conditions of stress 

It was important t h a t  

the Air Force know which of these physiological conditions were detri- 

mental o r  beneficial when combined K'th ionizing radiation. It was 

known t h a t  fa t igue,  cold, heat, noise, hypoxia, fasting, and the 

absence of noise had an effect  on aircrew performance. These combined 

with radiat ion may have caused loss of crew efficiency. 

Studies were done t o  determine the e f f e c t  of hypoxia, cold, one 

hundred percent oxygen, prolonged simulated f l i g h t s ,  and fastings on 

survival and performance before and after exposure t o  ionizing 
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radiation. Animals acclimatized t o  18,OOO f e e t  simulated a l t i t u d e  for 

six months survlved 880 r of x-irradiation. 

t i z a t i o n  s tudies  were a l s o  performed. 

atomic clouds a t  a l t i t udes  of 30,000 f e e t  t o  study the e f f ec t s  of 

internal versus ex terna l  radiat ion and the differences between in- 

Carbon monoxide a c c U m a . .  

Monkeys were droned through 

halat ion plus ingest ion of radioactive materials. 

on mtaboUSla p lus  rad ia t ion  under conditions o f  cold were done. 

Furthermore, studies 

Biomedical Support of R o J s c t  Mercury. Experimental animals uere 

very probably going :a be used as passengers in e x t r a t e r r e s t r i a l  

vehicles. 

it w a s  deeided t h a t  the monkey should be Integrated in to  this re-  

Inasmuch as the  satellite program was great ly  accelerated, 

search as rap id ly  as possible Fn order t o  have the animals available, 

trained, and baselined i f  the opportunity t o  par t ic ipate  i n  a space ’ 

flight inrolving experimental animals presented i t s e l f .  

Accordingly, several  monkeys were i n  t ra ining for t h i s  purpose 

and a program had been i n i t i a t e d  ( j o i n t l y  w i th  the Department of 

Physiology) in which answers t o  the following questions uere being 

obtained: (1) Uhat are  the minimum ca lor ic  and f lu id  requirements 

f o r  a maintenance s i tua t ion?  ( 2 )  What is the  best method of con- 

fining a monkey f o r  an extended period of t i m ?  (3) What I s  the 

oxygen requirement per un i t  time? 

t o  feed himself under zero gravity conditions? 

method of waste disposal under zero gravi ty  conditions? 

( & I  C a n  a monkey be conditioned 

(5) What is the best 
22 

Effects  of High Temperature and Ionizing Radiation on Metabollsm 

and hng-ty of the White Rat. Metabolic changes, mortality, and 

22. “Prhtes in Space,” Bioastronautics, Advance8 in Research, 
Speczip1 SAM Report, Much 1959, 58-72. 
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histologic81 changes resulting from or associated v i th  gamma i r radiat ion 

a t  l o w  dose rate a t  constant environmental temperatures were important 

in nuclear planning. 

ducted a study designed t o  determine the effect  of a re lat ively large 

dose of gama radiation on airoreus that had previously received back- 

ground i r radiat ion i n  nuclear powered aircraf t .  

mice t o  daily low doses of ionizing radiation, then challenged t h e m  

w i t h  larger doses in order t o  observe the i r  response. 

Dr. L. D. Carlson, University of Washington, con- 

He exposed rats and 

AppliQation of Dosimetric Technics and Equipment i n  Biological 

Dose Studies. 

m a  the  acmrate comelation of  biologic response with physical dose. 

St.ndordia8tion of dosimetry w a s  begun i n  1956 a t  the School of 

Aviation Medicine. A l l  biological experiments at  the 1958 bomb tests 

in Nevada were monitored by physical dosimetry provided by the School 

of Aviation Medicine. Methods of single and two-phase chemical S ~ S ~ O I M  

fo r  different ia l  gamma ray and neutron doslmetry were developed a t  the 

School. The temperature dependence, sensit ivity,  s tabi l i ty ,  and reli- 

a b i u t y  of these chemical dosimeters w a s  such that  they were the method 

of choice for  gamma dosimetry in the f i e ld ,  and probably i n  the labora- 

t o ry  also. A portable, field-type spectrophotometer dose-reader had 

been pa r t i a l ly  developed. 

neutron dor imtry  uti l ized by the Oak Ridge National  Laboratory Group, 

these systems provided neutron and gamma r 4  dosimetry f o r  almost any 

situation. 

Alamos Scientific Laboratory. 

O f  extreme importance in determining radiation damage 

Coupled wi th  the fission f o i l  system of 

SAM dosimetric development ups coordinated with the Ins 
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Relative Biological Effectiveness of Different  Ionizing Radiatlonr. 

For SO= time it had been real ized tha t  d i f fe ren t  types of r ad iauon  

produced a d i f fe ren t  degree of biological responses over the same 

identical time period with the same dose of radiation. Because a l l  

types of radiat ion could be eqected i n  most Air Force operations, it 

was imperative tha t  the r e l a t i v e  biological effects of each of these 

rad ia t ions  be w e l l  defined. T h i s  was of pa r t i cu la r  importance I n  

nuclear propulsion f o r  manned systems since shielding character is t ics  

would be d i f fe ren t  f o r  various radiation en-onments, and ala0 for  

ground handling construction and fo r  any nuclear power program. 
60 

Monkeys were exposed t o  fast neutrons, thennal neutrons, Cobalt 

gamma rays i n  acute s i tua t ions  and a mixture o f  Cobalt and PoBe for 

chronic long tern exposures t o  various neutron and gamma rat ios .  This 

pro jec t  involved the  long term collection of data and would l a t e r  be 

extended t o  include the f i ss ion  products, ur,fissloned materials, as 

w e n  as the  prompt radiations associated with reactors  and nuclear 

dsvices . 
Biological Effects of Cosmic Rays i n  htremely High Altitude A i r  

Force Operations. 

able  as a laboratory device, it was believed possible t o  simulate the 

Although a primary cos.nic ray source was not avail- 

same tissue effect using other high energy sources. Prelhlnarywork 

was under way in the  Departments of Radiobiology and Microbiology and 

the Tacaa Nuclear Corporation. A neutron generator had been acquired 

L 
pnd w a s  i n  use. 

the laboratory the effects of energetic heavy par t i c l e s  in cosmic radia- 

Investigators planned t o  use microbeams t o  simulate in 

t ion.  
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Monitorship of a contract w i t h  Yale University t o  study, “Radio- 

biological Effects of Simulated Primary Cosmic itadiation,” w a s  

transferred from Holloman Air Development Center t o  the Department 

of Radiobiology. 

The Effects of Ionizing Radiation on Biochemical, Physical, and 

Psychological Functions i n  Various Species. 

dose chronic radiation designed t o  support permissible levels of exposure 

in excess of Atomic Energy Conmission established limits, long term 

In the development of low 

effects were of controlling importance. A large scale, thorough animal 

husbandry program obviously became a prime requirement. Accurate base- 

line data on normal animals were necessary so tha t  subtle changes 
\ 

following radiation exposure could be measured. 

A t  the Austin laboratory, the care and management of animals had 

produced a colony of over 700 monkeys Fn various stages of post 

radiation recovery. The monkey was chosen as the experimental animal 

because the findings could be more readily extrapolated t o  man. 

The animals were trained t o  take performance t e s t s  in order t o  

determine radiation effects  on the i r  coordhation, sensory perception, 

learning abi l i ty ,  color discrimination, behorlor action time, and 

fatigue. 

ups demonstrated t h a t  a dose equal t o  tha t  expected i n  normal nuclear 

Even though subtle and interest- changes uere noted, it 

operations did not cause a performance decrement o f  significance t o  

thwart, accomplishing the flying mission. Biochemical studies en- 

compassed every phase of the radiation exposures. A biologic dosimeter, 

such as changes in the enzyme system, blood, or tissue, vas sought. 
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The follow-up of  such a large primate colony of both normal and 

irradiated animals l e n t  tremendous value t o  the rad ia t ion  s tudies  in- 

volving Japanese casual t ies  of Hiroshima-Nagasaki and furnished 

excellent prediction da ta  f o r  accidents which were expected t o  occw 

In the ever expanding nuclear industry. 

Suat-d Observations of Occurrence of Latent Effects in Burros 

Surviving 3Oo-500 r Total  Body Gamma Radiation. 

surviving t o t a l  body i r r ad ia t ion  by a gama source were being main- 

tained at  t h e  University of Tennessee-AEC Form. 

Fifty-nine burros 

Under a jo in t  agree- 

ment, SAM was allowed t o  par t ioipate  in these studies. Some of the  

animals were irradiated in 1951, and others in 1953. The c l i n i c a l  

h i s t o r y  of these burros, including records of  i r radiat ion,  progressive 

hematological values, many biochemical masurements, and ophthalmic 

examinations, was careful ly  maintained. 

Biological and Medical AsPects of Xordzinn Radiation. D r .  K. P. 

Dubois, University of Chicago, was engaged in research on the develop- 

rnent.&Z evaluation of radiat ion protection compounds. 
-6 =-.’ 

For a number 

of pars various investigators had tes ted a myriad of chemical com- 

pounds f o r  their  eff icacy i n  preventing o r  t reat ing acute radiation 

disease. No compound per - se had been successful i n  preventing the 

syndrome if given after i r radiat ion,  but several  compounds gave s o w  

measure of protection i f  administered pr ior  t o  exposure. 

st&,ling new group of chemical agents had been found. 

However, no 

Dr. Dubois a lso traced the  effects  of  low dose gamma and fast 

neutron i r rad ia t ion  on the l i f e  span of  the mouse. Preliminary 
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findings indicated fast neutrons were s o m  four t o  f i v e  times more 

ef fec t ive  in causing ce r t a in  aspects of radiat ion damage. 

Attemptiong t o  f ind  a biological  dosimeter, Dr. Dubois observed 

the effects of ionizing radiat ion on the biochemistry of mammalian 

t i s sues .  Enzyme changes vere noted, but no single system adequate 

f o r  msasuring r ad ia t ion  injury was f m d .  

Anolysb of Ioniaing Radiation Hazard8 t o  Alrcrevs in Operation 

and Maintaqmce of Nuclear Propelled Systems. The application of 

nuclear energy in a i r c r a f t ,  rocket, or s a t e U t e  propulsion subjected 

A i r  Force personnel t o  cumulative doses of radiat ion (through nonnal 

operation and maintenance, crashes, meltdowns, e t c .  ) The probabi l i ty  

of operating under existing levels  o f  permissible exposure recommended 

by t he  National Committee of  Xadiation ?rotection was extremely low. 

Consequently, it was mandatory that biologic endFoints of performance 

be establ ished and the  threshold doses determined. Data from acci- 

den ta l  exposures c l ea r ly  defined the areas of concern. 

neutron, Cobalt 

radiat ion,  f a l lou t ,  radiation, and selected f i ss ion  products were all 

being irnrestigaked. 

Fast and the& 
60 ..I- -. 'I) 

gauuna, bomb and reactor mlxt.Jres oTAeutron-g-a 

A b w i c  radiobiology guide of mission dose schedules, gmund 

handling doses os vel1 as inhalation concentrations under various 

conditions of release was published in 1956. 

were continued, with correlation of  hazards, developments, and us- 

Study and evaluation 

requirements. 


