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Monday, 29 March 1971 

0800 - 0830 
0830'- 0835 

0835 - 0840 

REGISTRATION 

WELCOME - D r .  G .  A. Andrews 
Oak Ridge Associated Un ive r s i t i e s  

AIMINISTRATIVE DETAILS 
D r .  C. C. Lushbaugh 

Dr. Eugene Saenger, University of Cincinnat i  - Chairman 

0845 - 0920 

0920 - 0945 

0945 - 1000 

1000 - 1020 

1020 - 1040 

1040 - 1100 

1100 - 1120 

1120 - 1140 

1140 - 1200 

1200 - 1300 

SYMPTOMATIC AND HEMATOLOGICAL EFFECTS OF 300 RADS TOTAL 
BODY IRRADIATION 

W. Rider &&& 3 0  -7L-7 
REPORT OF A RECENT RADIATION ACCIDENT 

G. A. Andrews and H. Vodopick h l B e  j J zm -p\, 
A 

Coffee Break 

D r .  Gould Andrews , ORAU - Chairman -&+A% 
CLINICAL TOTAL BODY IRRADIATION EFFECTS 

Helen Vodopick and C. Lowell Edwar 

MULTIFACTORIAL ANALYSIS OF HUMAN BLOOD CELL RESPONSES 
CLINICAL TOTAL BODY IRRADIATION IT/ b e d  705- - 

J. M. Yuhas, T. R. Stokes and C. C .  Lushbaugh 

A CLOSED SYSTEM FOR MARROW 'EUNSPLANTATION 
E. B. S i l b e r s t e i n ,  B. Friedman, S. Tole r ,  and 
E. L .  Saenger 

HUMAN MARROW CHANGES AFTER TREATWENT W I T H  LOW-DOSE-RATE 
TOTAL - BODY IRRADIATION 

F. Goswi tz ,  B. Nelson, H. Vodopick and C. Lushbaug 

EFFICIENT TESTING I N  LARGE ANIMAt EXPERIMENTS 
S. G. Levin 

WSZMETRY FOR TOTAL-BODY IRRADIATION STUDIES 
W. L. Beck 

Lunch 
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Monday, 29 March 1971 

.. . .  .. . . . . :. . .  

1620 - 1640 

1640 - 1700 

1700 - 1720 

1720 - 1740 

SERUM IMMUNOGLOBULIN (IgG, IgA, IgM) , COMPLEMENT ( C ' 3 ) ,  
AND TRANSFERRIN LEvEtS AFTER TOTAL-BODY IRRADIATION 

G. Char les  Kingdon and S t u a r t  Chaskes 

SERUM AND URINARY AMYLASE ACTIVITIES I N  IRRADIATED CASCER 
PATIENTS 

I. W. Chen, E. B. S i l b e r s t e i n ,  B. Aron and 
E. L. Saenger 

ILTRAVIOLET-ABSORBING COMPOUNDS I N  URINE OF TWO IRIWDIATED 
CANCER PATIENTS AS DETERMINED BY HIGH-RESOLUTION COLUMN 
CHROMATOGRAPHY 

I. W. Chen, E. B. S i l b e r s t e i n ,  and E.  L .  Saenger 

ACELYLCHOLINESTERASE ACTIVITY I N  SYNAPTIC VESICLES OF THE 
MEDULLA OF RATS EXPOSED TO HIGH DOSES OF GAMMA-NEUTRON 
RADIATION 

Anthony A .  Rene: John H. Darden, and Joe L. 
Par  ke r 

6 3  0 
7: 3 0-  

No h o s t  c o c k t a i l s  and d i n n e r  a t  Oak Ridge Country Club. 



Tuesday ,  30 March 1971 

Colonel E. J. Euycke, HQ, DASA - Chairman 

. . . .  . .  . . .  , 

0900 - 0920 

0920 - 0940 

0940 - 1000 

1000 - 1020 

1020 - 1040 

1040 - 1100 

1100 - 1120 

1120 - 1140 

1140 - 1200 

* 
1200 - 1300 

1300 - 1320 

THE PERFORMANCE OF MMKEYS FOLLOWING GAMMA-NEUTRON 
IRRADIATION AT DOSES FROM 500 Ttl 16,000 RADS 

Donald Barnes ,  C h a r l e s  R. Curran ,  and William 
F. Davis 

PERFORMANCE DECRE4ENT AND EEG CHANGES AFTER PULSED 
IRRADIATION 

W. L. McFarland and  W. F. Davis 

FISSION NEUTRON RELATIVE EFFECTIVENESS FOR PERFORMANCE 
DECRPlEMl I N  THE MINIATURE PIG 

R.  E. George,  R. L .  Chaput,  D.  M. Verrelli 

PREVENTION OF EARLY PERFORMANCE DECREMENT/INCAPACITATION 
FOLLOWING 4000 RADS OF MIXED GAMMA-NEUTRON RADIATION 

J. E. Turns 

Coffee Break 

Colonel H. B.  M i t c h e l l ,  AFRRI - Chairman 

THE RELATIONSHIP OF NAUSEA AND VOMITING TO RADIATION DOSE 
E. L. Saenge r ,  E. B. S i l b e r s t e i n ,  and J. G .  
Ke t ia kes 

EFFECTS OF RADIATION ON HUMAN ABILITIES 
Aaron Wolfgang 

MEASUREMENT OF PERFORMANCE DECREMENT BY IMPEDANCE PNEUMOGW 
DURING CONTROLLED EKERCISE AND TOTAL-BODY IRRADIATION I N  ME 

Robert  C. R i c k s ,  C. C. Lushbaugh and Edward Frome 

AN APPROACH TO ESTIMATING THE COMBINED IMPACT OF HUMAN 
AND HARDWARE VULNERABILITIES ON SYSTEM PERFORMANCE 

Gera ld  P. Chubb 

Lunch 

D r .  John B. S t o r e r ,  ORNL - Chairman 

TOTAL-BODY IRRADIATION EFFECTS I N  SELECTED ANLMAL SPECIES 
E. J. Ainsworth 
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0920 - 29 Mar 
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REPORT OF A RECENT RADIATION ACCIDENT 

G. A. Andrews and Helen Vodopick 
Oak Ridge Associated Un ive r s i t i e s  

On February 4, 1971, a ,32-year -o ld  male employee was exposed 

a c c i d e n t a l l y  t o  a s i n g l e  l a rge  source of 6oCo i n  an Oak Ridge r e -  

s e a r c h  i n s t a l l a t i o n .  

in a per iod  of 40 seconds. 

waist level gave a reading of 260 R e m ;  t h i s  was believed t o  be close 

t o  t h e  h ighes t  dose rece ived  except f o r  t h e  hands, which might have 

rece ived  considerably more. 

average bone m a r r o w  dose was estimated a t  about 118 r ad .  

The major p a r t  of the exposure probably occured 

A thermoluminescent dosimeter worn a t  

On t h e  b a s i s  of phantom s t u d i e s  the  

The p a t i e n t  had c h a r a c t e r i s t i c  vomiting s t a r t i n g  2% hours a f t e r  

t h e  acc ident  and continuing i n t e r m i t t e n t l y  through the  afternoon and 

evening. After t h a t  he had no d e f i n i t e  symptoms but  l a t e r  repor ted  

s l i g h t  discomfort and numbness i n  the  r i g h t  hand. 

He showed cytogenet ic  abnormalit ies compatible wi th  the  es t imated  

dose. 

sugges t ing  a slightly g r e a t e r  degree of i n j u r y  than a n t i c i p a t e d  from 

dose measurements. As of this writing, 29 days after exposure, he 

had 37,000 p l a t e l e t s  and a white count of 3,600 cu mm. 

H i s  hematologic p i c t u r e  has demonstrated sequen t i a l  changes 
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1000 - 29 Mar 

CLINICAL TOTAL BODY IRRADIATION EFFECTS 

Helen Vodopick and C. Lowell Edwards 
Oak Ridge Ibsoc ia ted  Un ive r s i t i e s  

Thi r teen  t reatments  were given in the  low-exposure-rate 

i r r a d i a t o r  during 1970 bringing our t o t a l  t o  37 s ince  the f a c i l i t y  

was opened i n  1967 (C. L. Edwards, G. A. Andrews, Helen Vodopick, 

R a n c i s  A. Goswitz, C.  C. Lushbaugh, and R. M. Kniseley).  Table 

t a b u l a t e s  the  1970 exposures by diagnosis,  age and sex of p a t i e n t ,  

exposure, symptans and response. Only one p a t i e n t  has experienced 

nausea and vomiting while being t r ea t ed  with LETBI, a 48-year-old 

woman wi th  chronic granulocyt ic  leukemia (CGL). She cons i s t en t ly  

has shown good responses t o  the  total-body i r r a d i a t i o n  

r a t e  irradiah(METB1) , LETBI, and f rac t iona ted  METBI and sp len ic  

i r r a d i a t i o n ,  b u t  has experienced g a s t r o i n t e s t i n a l  symptoms with 

each. 

a f e e l i n g  of weakness and m i l d  anorexia, but no nausea or  vomiting. 

Experience from previous years indicated t h a t  exposures of 

250 R i n  LETBI were probably too  much f o r  many p a t i e n t s  except poly- 

cythemia ve ra  p a t i e n t s  w i t h  very high p l a t e l e t  counts o r  those w i t h  

very high leukocyte counts due t o  chronic granulocyt ic  Leukemia, 

n e i t h e r  group having received previous suppressive t reatment .  

sequent ly ,  only two p a t i e n t s  were t r ea t ed  with 250 R i n  1970. 

p a t i e n t s  had untreated chronic granulocytic leukemia with t o t a l  

leukocyte counts g r e a t e r  than lOO,OOO/cu mm. 

medium-exposure- 

Other p a t h n t s  occasional ly  have complained of l e thargy  or  

Con- 

Both 

Both experienced 
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1020 - 29 Mar 

MULTIFACTORIAL ANALYSIS OF HUMAN BLOOD CELL 

RESPONSES TO CLINICAL, TOTAL BODY IRRADIATION 

J. M. Yuhas, T. R. Stokes, and C. C .  Lushbaugh 
Biology Division, Oak Ridge National Laboratory, 

and Medical Division 
Oak Ridge Associated Univers i t ies  

Due t o  the  he te rogenei ty  of r ad ia t ion  exposure regimens used 

i n  therapy  it is o f t en  impossible t o  define a s e r i e s  of exposure 

groups i n  the  hope of cons t ruc t ion  dose-response r e l a t ionsh ips .  

This d i f f i c u l t y  may be overcome by employing a m u l t i f a c t o r i a l  an- 

a l y s i s  which can determine the  r o l e  of exposure l e v e l ,  dose r a t e ,  

f r a c t i o n  s i z e  and number, and t o t a l  t i m e ,  independently of one 

m o t h e r .  Such an ana lys i s  allows the  construction of a v a r i e t y  

of cuxves i n  which response i s  p lo t t ed  as a func t ion  of one of 

these  v a r i a b l e s  with the  o the r s  held constant.  

This approach has been applied t o  the hematologic records of 

more than  1000 p a t i e n t s  subjec ted  t o  t o t a l  body r a d i a t i o n  therapy 

f o r  va r ious  d isorders ,  w i th  t h e  nadi r  concentration of white blood 

cells and/or platelets ,  f o r  example, used as the  measured response. 

Disease groups include various leukemias and other blood dyscras ias  , 

as well as d i seases  which do not a f f e c t  t he  blood forming t i s s u e s  

d i r e c t l y .  The c o e f f i c i e n t s  of multiple correLation have been de- 

termined and range from 0.5 t o  0.8, i nd ica t ing  t h a t  t he  r e s u l t a n t  

equat ions  provide an e x c e l l e n t  f i t  of the raw data. 
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A CLOSED SYSTEM FOR MARROW TRANSPLANTATION 

S i l b e r s t e i n ,  E. B., Friedman, B., Toler ,  S.,  and Saenger, E. L. 
Universi ty  of Cincinnati 

We have employed marrow auto,  iso- and a l lo t r ansp lan ta t ion  t o  

a t tempt  r e s t o r a t i o n  of normal marrow depressed by i r r a d i a t i o n  or  

drugs. 

Our technique involves 8 closed system of m a r r o w  s torage ,  

f i l t r a t i o n  and infusion,  with no f u r t h e r  processing necessary 

once the marrow is t r ans fe r r ed  fran the a sp i r a t ing  syr inge t o  

the s torage  bag. 

vents s i g n i f i c a n t  f a t  o r  bone emboli t o  the lungs, as ind ica ted  

by autopsy specimens f r a n  a p a t i e n t  dying 3 hours pos t  t ransplan ta-  

t ion of a pre-exis t ing  overwhelming necro t iz ing  pneumonitis. 

r e s u l t s  of mamow t r ansp lan ta t ion  with th i s  technique w i l l  be com- 

pared t o  those i n  the  l i t e r a t u r e .  

A double stainless steel  f i l t r a t i o n  system pre -  

The 

. .  . .  
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HUMAN MARROW C-ES AFllER TREATMENT WITH 

LW-DOSE RATE TOTAL-BODY IRRADIATION 

F. Goswitz, B. Nelson, H. Vodopick, and C. Lushbaugh 
Oak Ridge Associated Univers i t ies  

.. . .  

. .  . .  

. .  . 
. .  

. . .  

. - . .  . 
. . .  . .  

Marrow changes i n  man a f t e r  continuous i r r a d i a t i o n  in the low- 

dose-rate  of 1.5 R/hr have not  been reported.  Our s p e c i a l l y  designed 

i r r a d i a t i o n  f a c i l i t y  d i r e c t s  cobalt-60 te le therapy t o  t h e  subjec t  

from e i g h t  corner sources.  

July 1967, w e  have followed the bone marrow changes a f t e r  36 t r e a t -  

Since the  f i r s t  pa t i en t  w a s  t r e a t e d  i n  

ments i n  p a t i e n t s  with these hematologic disorders :  

g ranulocyt ic  leukemia (CGL), 7 polycythemia vera  (PRV),  4 primary 

14 chronic 

hemorrhagic thrombocythemia (PHT) , 4 lymphosarcoma (LS) , 3 lympho- 

sarcoma-cell  p o s t i r r a d i a t i o n  changes approximately 18 days a f t e r  

the  s t a r t  of treatment i n  marrow c e l l u l a r i t y ,  f a t ,  GE r a t i o ,  e ry th-  

r o i d  maturation, granulocyt ic  maturation, number of lymphocytes, 

megakaryocytes, and p l a t e l e t s ,  and the concentration of i r o n  i n  

h i s t i o c y t e s  were compared t o  the  marrows before treatment.  

36 t reatments ,  13 t reatments  were given with exposures of 100 R, 

Of the 

13 with  150 R, and 10 with exposures of 250 R. The 36 t r e a t n e n t s  

were divided among 26 p a t i e n t s  with four  t r ea t ed  two times and three 

t h r i c e .  
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1120 - 29 Mar 

EFFICIENT aESTING IN LARGE ANPIAZ, EXPERPIENTS 

S . G. Levin 
Anned Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 

. .  . .  

.. :. . . .  
. .  

Large-Animal experiments are expensive and time consuming. 

S t a t i s t i c i a n s  have shown t h a t  sequent ia l  type designs are  almost 

twice as e f f i c i e n t  under sme conditions.  

quire the outcome of the test m the  previous animal i n  order to 

determine the t e s t  condition of the subsequent animal. If the t e s t  

sequence permits t h i s ,  then of ten savings of almost ha l f  the number 

of animals can be e f f ec t ed ;  a l t e r n a t e l y ,  more p rec i s ion  i s  "pur- 

chases" f o r  t he  scrme number of animals committed t o  an experiment. 

Three sequen t i a l  designs t h a t  a re  appropriate  f o r  d i f f e r e n t  

Sequent ia l  designs re -  

condi t ions w i l l  be discussed. The "s ta i rcase"  and " s tochas t i c  

approximation" methods obtained when the EDfjO is requi red ;  the 

Wald sequen t i a l  test i s  appropriate when the experimenter wants 

tests of hypotheses. 

i 
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DOS'IMETRY FOR TOTAL-BODY IRRADIATION STUDIES 

W. L. Beck 
Oak Ridge Associated Un ive r s i t i e s  

I n  the Oak Ridge Associated Un ive r s i t i e s  therapeut ic  total-body 

(TBI) program th ree  d i f f e r e n t  i r r a d i a t o r s  are used: t he  Oak Ridge 

Associated Un ive r s i t i e s  LETBI and METBI f a c i l i t i e s  and t h e  UTAEC 

Variable Dose Rate I r r a d i a t i o n  F a c i l i t y  (VDRIF). The f a c i l i t i e s  

provide  uniform TBI a t  exposure rates of 1.5 R h r  (LETBI) , 1.5 

R/min (METBI) and 40 R/min (VDRIF). 

Because of d i f f e r e n t  source-patient geometric and gamna r a y  

ene rg ie s ,  t h e  patient 's  depth dose d i s t r i b u t i o n  is not  t he  same i n  

each i r r a d i a t o r .  A series of dosimetry experiments us ing  a he te r -  

ogenous phantom and thermoluminescent dose measurement technique have 

been done t o  determine the complete dose d i s t r i b u t i o n  i n  a p a t i e n t  

g iven  TBI in t h e  t h r e e  i r r a d i a t o r s  used in our s tud ie s .  

d a t a  of these s t u d i e s ,  w e  have estimated the  average dose t o  the  

major organs of the body, e.g., bone marrow, intestines,  l i v e r ,  

b ra in ,  l enses  of eyes, e t c .  

From the  

The importance of using absorbed dose as the b a s i s  of com- 

pa r i son  is c l e a r  frau our da ta ;  i.e., i f  two p a t i e n t s  were given 

sn exposure of 100 R, one i n  LETBI and the other i n  VDRIF, the  VDRIF 

p a t i e n t  would rece ive  a 20% g r e a t e r  marrow dose but h i s  dose t o  the  

l enses  of t he  eyes would be 20% smaller than tha t  of the  LETBI 



- . 

1300 - 29 Mar 

CHROMOSaME ABERRATIONS AS A DOSIMETER OF WHOLE BODY IRRADIATION 

. .. . . . .  .... 
.. . 

.. 
.. 
. .  

S i l b e r s t e i n ,  E. B., E w i n g ,  C., Donovan, J., Kereiakes, J. and Saenger, E. L. 
Universi ty  of Cincinnat i  

Numerous attempts have been made t o  employ chromosome aberrat ions 

as a r a d i a t i o n  dosimeter. Since the appearance of r i n g s  and d i cen t r i c  

chromos anes i n  lymphocytes following i r r a d i a t i o n  is  not  d i f f i c u l t  t o  

d e t e c t ,  these  aber ra t ions  have been r e l a t e d  t o  whole body i r r a d i a t i o n  

i n  doses of 100 or 200 rads for 6 p a t i e n t s  where accura te  dosimetry 

is  ava i l ab le .  Althoughthe p a t i e n t s  all had me tas t a t i c  cancer,  there  

was no evidence of hematologic abnormality other  than occasional 

m i l d  anemia. 

Considerable ind iv idua l  v a r i a t i o n  was found between pa t i en t s  

rece iv ing  the  same i r r a d i a t i o n  dose and dose-rate.  

t he  increment i n  the t o t a l  of r ings  p l u s  d i c e n t r i c s  per  c e l l  follaw- 

ing 200 rads  mid-line absorbed dose ranged from 0.04 t o  0.34. 

of the  problems inherent  in using t h i s  system w i l l  be discussed. 

For example, 

S w e  

. :>:.. .. . 
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PAIRED MINIATURE IONIZATION CHAMBERS FOR THE 

MEASUREMENT OF NEUTRON AND GAMMA DEPTEI 

DOSE COMP@NESTS I N  PULSED REACTOR FIELDS 

D. W .  Shosa 
Armed Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 

Pai red  i o n i z a t i o n  chanbers with naninal volumes of 0.05 cm3 

are i n  use at AFRRI t o  measure neutron and gamma components of depth 

dose d i s t r i b u t i o n s  i n  s t eady- s t a t e  and pulsed TRIGA f i e l d s .  The 

rerponse of the  "neutron-sensit ive" chamber, which has a w a l l  of 

t i s sue-equiva len t  p l a s t i c  and i s  f i l l e d  with a t i s sue-equiva len t  

gas  mixture, i s  found t o  s a t i s f y  the  requirements of the Fano 

theorem and has a response equation 

(1) Q/Q,  = ( 0 . 9 8  * 0.03) :N + (1.04 * 0 . 0 w - w  

where Q is  the  charge ( cu r ren t )  measured i n  the  mixed f i e l d  and Q, 

is t h e  charge ( cu r ren t )  measured in a 1R Co60 f i e l d .  

neut ron  and g a m a  a t t e n u a t i o n  co r rec t ions  and depend on the exper i -  

mental conf igura t ion .  N and are r e spec t ive ly  the  neutron and 

gamma doses ;in r ads - t i s sue .  

"neutron-insensit ive" chamber wi th  a magnesium w a l l  and C02 c a v i t y  i s  

3 and 11 a r e  

A similar response equation for the  

(2) Q/Q,  = K3N + (1.04 f 0.01) 
where IC is  es t imated  t o  be 0.06 f 0.02 f o r  f r ee - in -a i r  measurements and 

0.04 f 0 . 0 2  for measurements i n s ide  a moderator. 



- 
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COMPARISON OF DOSE PATllERNS IN A MINIATURE 

PIG EXPOSED TO NEUTRON AND TO GAMMA WXATION 

D. M. Verrelli, D. W. Shosa 
Armed Forces Radiobiology Research ' 

I n s t i t u t e ,  NNMC, Betherd8 
Maryland 20014 

. .  . .  
.-...: : . . .. 
. .  . 

. .  .. . . .. . 
. .  

. .  

- . .  . .  . 
- .  . 

. .  . .  .. . .  .. . . .  . .  . 

U40-29 Mar 

The ob jec t ive  of t h i s  research e f f o r t  w a s  t o  cha rac t e r i ze  the  
. *  I 

r a d i a t i o n  f i e l d s  from a nuclear r eac to r  and t o  canpare depth dose 

p a t t e r n s  f o r  s i g n i f i c a n t l y  d i f f e r e n t  mixtures of i nc iden t  r ad ia t ions .  

I n  an unmodified configuration, the r a d i a t i o n  f i e l d  fran the  

AFRRI-TRIGA r e a c t o r  i s  charac te r ized  by a neutron-to-gmna r a y  t i s s u e  

kerma, free-in-air, of 0.4. An enhanced neutron r a d i a t i o n  f i e l d  

w a s  obtained using a cadmium-gadolinium absorber f o r  thermal neutrons 

coupled wi th  6 inches of lead sh ie ld ing  t o  decrease the ganrma ray  

component of the f i e l d .  A gamma r a y  f i e l d  was obtained using 5 inches 

of water sh ie ld ing  and the same cadmium-gadolinium absorber. Neutron- 

to -gama  r a y  r a t i o s ,  f r ee - in -a i r ,  of 10 and 0.06 were obtained f o r  the 

neut ron  m d  gamma r a y  f i e l d s ,  respec t ive ly .  

Dose d i s t r i b u t i o n  patterns i n  a miniature p ig  cadaver were measured 

f o r  neut ron  and f o r  gamma r a d i a t i o n  f i e l d s  f r a n  the AFRRI-TRIGA reac tor .  

Determination of t h e  r a d i a t i o n  components across  the b r a i n  was performed 

employing t h e  pa i red  chamber technique. 

0.05 cm 

The pa i r ed  chambers used were 

3 cy l ind r i ca l - sphe r i ca l  Shonka chambers, one of t i s s u e  equivalent 

p l a s t i c  f i l l e d  with t issue equivalent gas and the  o the r  of magnesium 

f i l l e d  wi th  carbon dioxide gas. 

c a d m e r  was v e r i f i e d  by roentgenology and by d i s s e c t i o n  of the specimen. 

Placement of the  dosimeters w i th in  the  
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A COMPARISON OF THE GASTROINTESTINAL RESPONSES OF MINIATURE PIGS 
TO FISSION NEUTRONS AND TO GAMMA RAYS 

S .  R.  Jones, J. E. West, D .  M. V e r r e l l i ,  and R. E. George 
Armed Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Mary land 2 00 24 

To determine the r e l a t i v e  e f f ec t iveness  of f i s s i o n  neutrons i n  pro- 

ducing l e t h a l i t y  from g a s t r o i n t e s t i n a l  t r a c t  (GI) in jury ,  young adu l t  

miniature  pigs were b i l a t e r a l l y  i r r a d i a t e d  i n  a neutron f i e l d  or  a garmna 

ray  f i e l d  ( incident  neutron/gamma r a t i o s  of 5 and 0.06, respect ively)  

obtained with the AFRRI-TRIGA r eac to r .  Midline t i s s u e  doses from the 

neutron and gamma ray f i e l d s  ranged from 360 t o  1970 rads and 605 t o  2630 

r ads ,  respec t ive ly .  

depth dose measurements indicated the i r r a d i a t i o n s  were uniform ( c l a s s  A) 

t o  the i n t e s t i n a l  t r a c t .  Bio logica l  end points  measured included l e t h a l -  

i t y ,  su rv iva l  time, gross and microscopic pathology, weight loss, and 

p r o l i f e r a t i o n  of b a c t e r i a l  f l o r a  i n  se lec ted  t i s sues  a t  necropsy. Using 

a 7.5 day surv iva l  time a s  the l e t h a l i t y  end point ,  the  LDs0 f o r  G I  

death w a s  ca lcu la ted  by probi t  ana lys i s  a s  430 rads f o r  the neutron f i e l d  

and 870 rads f o r  the gamma ray f i e l d  (a r e l a t i v e  e f fec t iveness  of 2.0 

f o r  the neutron f i e l d ) .  Using least squares f i t t e d  regression l i n e s ,  

midline t i s s u e  doses corresponding t o  7.5 day su rv iva l  time were found 

t o  be 430 rads f o r  the neutron f i e l d  and 920 rads f o r  the gamma ray  f i e l d  

(a r e l a t i v e  e f fec t iveness  of 2 . 1  f o r  the neutron f i e l d ) .  

segmental G I  r ad iosens i t i v i ty  of both neutron- and gamma-irradiated p i g s  

All doses were del ivered a t  250 rads/min and the 

The r e l a t i v e  
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ACTIVE BONE MARROW DOSES IN WHOLE BODY AE;D PARTIAL BODY EXPOSURES 
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The University of Cinc inna t i  College of Medicine has a program for  

whole body exposure and f o r  p a r t i a l  body exposure ( e i t h e r  upper body, low- 

er  body, o r  complete trunk) of p e t i e n t s  for  the  treatment of cancer. The 

r a d i a t i o n  is del ivered  b i l a t e r a l l y  by a Cobalt-60 te le therapy  u n i t .  The 

a i r  exposure a t  t h e  loca t ion  of the p a t i e n t ' s  midline t o  provide a de- 

s i r e d  midline absorbed dose i n  rads is  spec i f ied .  

The f u l l  q u a n t i t a t i v e  cha rac t e r i za t ion  of dose and dose e f f e c t  r e l a -  

t i o n s h i p  are necessa r i ly  more complex fo r  non-uniform than f o r  uniform 

doses.  With non-uniform exposures, it has been d i f f i c u l t  t o  normalize 

a dose parameter (as midline a i r  exposure, midline absorbed dose, e x i t  

dose, i n t e g r a l  dose or average dose) w i t h  observed e f f e c t s .  This study 

a t tempts  t o  i n v e s t i g a t e  "ac t ive  bone marrow dose" a s  a parameter f o r  

whole body 8nd p a r t i a l  body exposures. Thermoluminescence dosimetry 

( l i t h ium f l u o r i d e )  was used t o  determine t o t a l  a c t i v e  bone marrow doses 

i n  a t i s sue-equiva len t  human phantom (Alderson Rando) exposed under s i m -  

i l a r  condi t ions  a s  p a t i e n t s .  (For the  various phantom exposure conditions,  

t o t a l  a c t i v e  bone marrow doses, and dose equivalents (using r e l a t i o n s h i p s  

between animal and stem cel l  dose-survival curves) were determined. 

Exposure Active bone marrow-dose Dose equivalent 
cond i t ion  g. rads per R midline a i r  per R midline a i r  

Whole body 9 13 0.674 rad 

Upper body 436 0.276 rad 

Lower body 558 0.354 rad 

Complete t runk  685 0.451 rad 

expos ure  exposure 

i 
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OXIDATIVE SwEI;LING AND PHOSPHORYLATION IN RAT LIVER MITOCHONDRIA: 
CWINED EFFECTS OF LINOLEATE,- STARVATION, GLUCOSE, AND X IRRADIATION 

Skidmore, W. D. and Catravas, G. N. 
h e d  Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 
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The objec t ive  of t h i s  study was t o  determine the  e f f e c t s  of 

whole-body x i r r a d i a t i o n  on s t r u c t u r a l  and func t iona l  i n t e g r i t y  of 

r a t  l iver  mitochondria. 

t h e  ob jec t ive  by intercomparing e f f e c t s  of (a )  e t h y l  l i n o l e a t e  i n  

the d i e t ,  (b) s t a r v a t i o n ,  (c) i n t r a p e r i t o n e a l  glucose,  and (d) whole- 

body x i r r a d i a t i o n  on oxida t ive  swelling and Oxidative phosphorylation. 

The inves t iga t ion  w a s  designed t o  approach 

- -  Iron-induced mitochondrial swelling assoc ia ted  wi th  l i p i d  oxidation 

was used au an index of i n j u r y  t o  t h e  s t r u c t u r a l  i n t e g r i t y  of the 

o u t e r  membranes. Oxidative phosphorylation with succ ina te  as sub- 

strate was se l ec t ed  as an index of the func t iona l  i n t e g r i t y  of t he  

inner membranes. I n  rats exposed t o  1000 R, the lag  time f o r  mi- 

d a t i v e  swelling was found t o  be decreased below t h a t  f o r  cont ro ls  24 

hours postexposure m d  t h e  e f f i c i e n c y  of Oxidative phosphorylation 

was increased  above the  con t ro l s .  

s t r u c t u r e  cannot be r u l e d  out,  t he  d a t a  of t h e  present  study s t rong ly  

impl i ca t e  an i n d i r e c t  e f f e c t  of radiation-induced s t a rva t ion ,  p a r t i -  

Although d i r e c t  e f f e c t s  on molecular 

c u l a r l y  as ind ica t ed  by t h e  assay f o r  ox ida t ive  swelling. 

support  t h e  conclusion t h a t  whole-body x i r r a d i a t i o n  induces a s t r u c t u r a l  

The r e s u l t s  
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ALPHA-AND BETA ADRENERGIC ACTIVITY OF' "HE DOG 
CARDIOVASCULAR SYSTEM DURING THE DEVELOPMEm 

OF THE G.I.  RADIATION SYNDROME 

J. Kahal and S. J. Baum 
Armed Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 . . .  .... . . ..... 
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The objec t ive  of t h i s  study was  t o  measure the alpha-and beta-  

adrenergic  a c t i v i t y  of the  dog cardiovascular system during the devel-  

ment of the G . I .  r ad i a t ion  syndrome. Dogs were exposed t o  1500 rads 

(midline t i s s u e  dose) of mixed gamma-neutron rad ia t ion .  Hemodynamic 

parameters of an i n  s i t u  i n t e s t i n a l  loop were measured i n  response t o  

systemic adminis t ra t ion  of norepinephrine and isoproterenol  and t o  grad- 

ual bleeding-reinfusion.  Autoregulatory disturbances were manifested 

. . . . . .  

beyond 48 hours pos t i r r ad ia t ion .  

humoral-imbalance was detected.  La ter  a t  72 hours, the inherent  vaso- 

compensation t o  sudden blood pressure changes de t e r io ra t ed  markedly. I n  

add i t ion ,  ca rd iac  hemodynamic parameters were measured a f t e r  epinephrine 

adminis t ra t ion .  A t  72 hours pos t i r r ad ia t ion  s i g n i f i c a n t  changes i n  

card iac  output  and per iphera l  res i s tance  were observed. 

i nd ica t ions  f o r  r a d i a t i o n  induced adrenergic receptor  blocking a c t i v i t y .  

A t  48 hours pos t i r r ad ia t ion ,  a neuro- 

There were no 
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THE EFFECT OF 6 MEV X-RAY I N  SUPRALETBAL DOSES 
ON THE MAINTENANCE OF SERUM GLUCOSE LEVELS 
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Capt Fred N. Beclanan, Maj Dan J. Craig,  
Dr. Marc A. Nathan, Maj Ear l  L. Kinsley 

School of Aerospace Medicine 

Serum glucose changes as a funct ion of 6 Mev x-rays del ivered a t  approx- 

imately 170 r/min. were measured in  s i x  chloralose anethet ized rhesus mon- 

keys. The t o t a l  dose was 10 Krad de l ivered  i n  1 Krad increments. Two pre- 

i r r a d i a t i o n  serum samples were drawn t o  e s t a b l i s h  f a s t i n g  blood glucose 

l e v e l s .  Following each 1 Krad increment a succeeding blood a l iquo t  was 

taken. I n  addi t ion,  two unanesthet ized animals were s imi l a r ly  exposed and 

blood samples taken. 

Glucose leve ls  i n  chloralose anethet ized animals were noted t o  be s i g -  

n i f i c a n t l y  lower than previously reported normal f a s t i n g  glucose. Serum 

glucose i n  these i r r ad ia t ed  animals remained constant o r  increased s l i g h t l y  

u n t i l  7 Krad when a s i g n i f i c a n t  hypoglycemia a s  compared t o  cont ro ls  was 

noted. Awake unanesthetized prepara t ions ,  however, demonstrated a moder- 

a t e  t o  marked hyperglycemia i n  the  3-7 Krad range. 

Chloralose anesthesia  appears t o  block t h e  r i s e  i n  serum glucose seen 

in the  unanesthetized prepara t ions .  

blocks hormonal funct ion of t h e  adrena l  medulla. Hyperglycemia in  exper i -  

mental animals exposed t o  ion iz ing  r a d i a t i o n  has been a t t r i b u t e d  t o  a con- 

ve r s ion  of amino ac ids  t o  glucose w i t h  a following rap id  clearance of r e -  

ducing substances.  It may be t h a t  t h e  rate of rise or  f a l l  of the l eve l  

of serum glucose i n  whole body i r r a d i a t e d  animals depends upon the r a t e  

of conversion of amino ac ids  t o  glucose and upon glycogenolysis--an 

epinephrine dependent reac t ion .  

It has been shown t h a t  chloralose 
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PROGNOSTIC SIGNIFICANCE OF CONCENTRATIONS OF FOUR CLASSES OF 
PROTEIN-BOUND CARBOHYDRATES IN THE SERUM OF DOGS 

M e l b e r t  S. Evans 
Armed Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 

To e s t a b l i s h  c r i te r ia  f o r  assessment of continuing prognosis of an 

ind iv idua l ,  t e s t s  should be selected which measure changes d i r e c t l y  pro- 

por t iona te  with the g rav i ty  of h i s  condition. To make the tes t ing  proce- 

dure ob jec t ive ,  numerical boundaries should be e s t ab l i shed  so tha t  cross- 

ing from one range t o  another i s  indicat ive of changes i n  the probable 

course of the p a t i e n t .  

Four c l a s s e s  of protein-bound carbohydrates were examined i n  the 

serum of dogs a t  i n t e r v a l s  a f t e r  i r r ad ia t ion ,  and t h e i r  changes were 

r e l a t e d  t o  observed c l i n i c a l  condition of the animals and t h e i r  ult imate 

f a t e  (survived o r  d i ed ) .  Moderate t o  marked f luc tua t ions  were seen during 

the  t e s t i n g  period i n  the protein concentration (mg CH0/100 mg protein) 

of n e u t r a l  hexoses, s i a l i c  ac id ,  and hexosamines. The pro te in  concen- 

t r a t i o n  of n e u t r a l  hexoses gave the c l e a r e s t  warning of unfavorable prog- 

nos i s  i n  the animals which died and exhibited t h e  g r e a t e s t  s t a b i l i t y  i n  

those which survived. No s ign i f i can t  changes i n  the concentrat ion of 

protein-bound fucose were seen i n  any of the dogs. 

Numerical ranges of protein concentrations of n e u t r a l  hexoses a re  

proposed t o  ind ica t e  good, guarded, and poor prognosis f o r  t h i s  species .  

These t e n t a t i v e  ranges were tes ted  i n  15 add i t iona l  dogs and found to  be 

e f f e c t i v e  f o r  pred ic t ion .  
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SERUM piMuNoGLOBULIN ( IgG , IgA, I@), CCPIPLEMENT (C '  3) 

AND TRANSFERRIN LEVELS AFTER TOTAL-BODY IRRADULTION 

G.  Charles Kingdon and S tua r t  Chaskes 
Oak Ridge Associated Un ive r s i t i e s  

The e f f e c t  of total -body gamma i r r a d i a t i o n  (TBI) on serum 

immunoglobulin, canplement (C'3) and t r a n s f e r r i n  leve ls  was s tudied 

in 29 pa t i en t s .  Tota l  exposure ranged from 100 R t o  500 R given as 

a f r ac t iona ted  dose of 30 R/day a t  a dose r a t e  of 1.5 R/hr or 1.5 

R/min, or as  a s ing le  exposure of 500 R del ivered a t  a dose r a t e  of 

45 R/min. 

a f t e r  an exposure of 100 R t o  250 R; C'3 and t r a n s f e r r i n  l eve l s  

a l s o  &creased. A 20% o r  g r e a t e r  reduct ion i n  I&, IgA, or IgM 

l e v e l s  occurred in 46%, 57% and 43% of the p a t i e n t s  respec t ive ly .  

Decreases of 40% or  more i n  IgG, IgA or IgM were seen i n  3.5%y 21.5% 

and 18% of the  pa t i en t s .  P a r t i a l  and of ten  complete recovery of IgG, 

C'3 and t r a n s f e r r i n  l eve l s  was observed by 6 weeks; IgA and IgM l e v e l s  

o f t en  remained depressed longer. Irmnunoglobulin l eve l s  of the p a t i e n t  

exposed t o  500 R began a progressive f a l l  14 days a f t e r  i r r a d i a t i o n  

and reached a l e v e l  of l e s s  than 20% of pre-treatment values by 121 

days. 

t h i s  was not  s u f f i c i e n t  t o  account f o r  the l a rge  innnunoglobulin de- 

c reases .  

l e v e l s  died with bacteremia. 

g lobu l in  l e v e l s  may i n  p a r t  expla in  the increased infec t ion  r a t e s  i n  

p a t i e n t s  exposed t o  TBI. 

Immunoglobulin depression began between 4 days and 21 days 

T o t a l  serum pro te ins  a l s o  decreased approximately S O X ,  however, 

Three p a t i e n t s  having severely depressed immunoglobulin 

These da ta  suggest t h a t  a l t e r e d  immuno- 



.. . . . .  

. .  

1640 - 29 Mar 

SERUM AND URINARY AMPLASE A C T I V I T I E S  

IN IRRADIATED CANCER PATIENTS 

I. W. Chen, E. B. S i l b e r s t e i n ,  B. Arm, and E. L. Saenger 
Univer s i t y  of Cincinnat i  

Amylase a c t i v i t i e s  i n  serum and urine of p a t i e n t s  i n  the various 
..... 

cancers  were s tudied  before  and a f t e r  they received whole body and par- 

t i a l  body 60Co-irradiation. S ign i f i can t  increases  i n  serum amylase 

a c t i v i t y  were observed in 8 out of 11 pa t i en t s  20 t o  24 hours a f t e r  

whole body i r r a d i a t i o n .  The average increase f o r  5 p a t i e n t s  receivsng - 
13.9-fold, whereas t h a t  f o r  4 p a t i e n t s  rece iv ing  100 & was 

4.8-fold. The serum anylase was not e levated s i g n i f i c a n t l y  i n  a l l  of 

p a t i e n t s  rece iv ing  r a d i a t i o n  t o  t h e i r  Lower bodies (excluding head) 

wi th  t h e  except ion of one p a t i e n t  who gave a 3.2-fold increase a f t e r  

rece iv ing  p a t i e n t  with 300 upper body ( including 

head) shuwcd a 20-fold increase  i n  the serum amylase a c t i v i t y .  

c r eases  i n  u r ina ry  amylase a c t i v i t y  ranging from 10.1 t o  2.4-fold were 

Preliminary 

s t u d i e s  with agar e l ec t rophores i s  ind ica te  t h a t  the  serum amylase pro- 

duced after i r r a d i a t i o n  or ig ina ted  from s a l i v a r y  glands.  

of dogs and rats d i d  not  r e s u l t  i n  increased amylase a c t i v i t y  i n  ur ine 

In-  

observed i n  a11 p a t i e n t s  rece iv ing  whole body i r r a d i a t i o n .  

I r r a d i a t i o n  

o r  serum. 

I 
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ULTRAVIOLET-ABSORB= COPIPOUNDS IN URINE OF TWO IRRADIATED 

CANCER PATIENTS AS DETERMINED BY BZGH-RESaUTfON COLUMN 

CBROMATCGRAPHY 

LW. Chen,' E. B. S i l b e r s t e i n ,  and E. L. Saenger 
Univers i ty  of Cinc inna t i  

_ _ . . _  . . .  

Urinary exc re t ion  of u l t rav io le t -absorb ing  canpounds by two 

cancer p a t i e n t s  before and after r a d i a t i o n  therapy was s tudied  by 

t h e  use  of high r e s o l u t i o n  anion exchange column chromatography. 

The f i r s t  p a t i e n t  s tud ied  was a 14 year o ld  male wi th  Ewing's 

Sarcoma t r e a t e d  wi th  100 Rddo t o  t he  whole body. Chrmatograms 
6 

of h i s  pre- and p o s t - i r r a d i a t i o n  u r ine  samples showed no s i g n i f i c a n t  

change wi th  the  exception of t h e  peak corresponding t o  hypoxanthine. 

Da i ly  exc re t ion  of hypaxanthine was 0.02 mg per  Kg body weight before 

i r r a d i a t i o n  and 0.06 mg/Kg after i r r a d i a t i o n .  

was a 58 year o ld  female wi th  carcinoma of colon, who received 300 k& 
The second p a t i e n t  

t o  her lower body. 

from 0.04 t o  0.23 mg/Kg. 

t o  0.11 mg/Kg, pseudo-uridine from 0.70 t o  1.90 mg/Kg, and u r a c i l  

from 0.006 t o  0.18 mg/Kg. 

Daily exc re t ion  of hypoxanthine a l s o  increased 

I n  addi t ion ,  Xanthine increased from 0.03 

Five o the r  un iden t i f i ed  u l t rav io le t -absorb-  

Ing compounds fn p o s t - i r r a d i a t i o n  u r ine  were e l eva ted  a t  least 10-fold 

as compared t o  those i n  p r e - i r r a d i a t i o n  ur ine .  (Supported by Contract 

DASA-01-69-C-0131 of t h e  Defense Atomic Support Agency.) 
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ACETYLCHCZINESTERASE ACTIVITY IN SYNAPTIC VESICLES OF THE MEJJULLA 

OF RATS EXPOSED TO HIGH DOSES OF GAMMA-NEUTRON RADIATION 

Reng3 Anthony A. , Darden, John H., and Parker ,  Joe L. 
Armed Forces Radiobiology Research 

I n s t i t u t e ,  NNMC, Bethesda 
Maryland 20014 
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- .  . Sprague-Dawley r a t s  were subjected t o  a whole-body dose of 15 

m a d s  of mixed gamma-neutron rad ia t ion .  A t  2 and 24 hours following 

i r r a d i a t i o n  14 animals from the i r r ad ia t ed  group and 14 unirradiated 

con t ro l s  were s a c r i f i c e d  by replacing the blood in t he  bra in  c i r cu la -  

t i o n  with a perfusion of a sucrose-eserine so lu t ion .  

acc t ion  of the  bra in  was removed, homogenized and prepared f o r  u l t r a -  

cen t r i fuga t ion  and sucrose densi ty  dradient separa t ion .  

synapt ic  v e s i c l e s  were assayed f o r  pro te in  and ace ty lchol ines te rase  

(ACHE). 

a g r e a t e r  decrease 22 hours l a t e r .  

also seen 2 hours a f t e r  i r r a d i a t i o n  but there  was no fu r the r  decrease a t  

24 hours. 

i n  animals undergoing the  Central  Nervous System (CNS) syndrome. 

The medulla 

The separated 

A decrease i n  p ro te in  was found 2 hours a f t e r  i r r a d i a t i o n  with 

A decrease i n  ACHE a c t i v i t y  was 

These r e s u l t s  w i l l  be cor re la ted  wi th  vascular  changes found 
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TBE PERFORMANCE OF MONKEYS FOLLOWING GAMMA-NEUIRON 

IRRADIATION AT DOSES FROM 500 To 16,000 RADS 

Donald Barnes, Charles R. Curran, William F. Davis 
Armed Forces Radiobiology Research 

I n s t i t u t e  

The a b i l i t y  of monkeys t o  perform learned t a sks  following exposure 

t o  a s i n g l e  pulse  of mixed spectrum r a d i a t i o n  w i l l  be reviewed. 

d a t a  to be presented includes s t u d i e s  from t h e  School of Aerospace 

Medicine with doses from 500 t o  5000 r ads  and from the  Armed Forces 

Radiobiology Research I n s t i t u t e  with doses from 2000 t o  16,000 r a d s .  

The v a r i a t i o n s  i n  performance observed a t  t h e  two l abora to r i e s  

and poss ib l e  causa t ive  f a c t o r s  r e s u l t i n g  from d i f f e rences  i n  rad ia-  

t i o n  source ,  exposure geometry or  experimental procedure w i l l  be 

discussed .  

The 
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PERFORMANCE DECREMEKT AND EEG CHANGES 

AFTER PULSED IRRADIATION 

W. L.  McFarland and W. F. Davis 
Armed Forces Radiobiology Research 

I n s t i t u t e  

Six adu1K male rhesus monkeys were used t o  i n v e s t i g a t e  t h e  r e l a t ion -  

s h i p s  between behavior and EEG a f t e r  a pulsed 2500 r a d  dose of mixed 

g a m - n e u t r o n  r ad ia t ion .  Monkeys were implanted with s t a i n l e s s  s t e e l  

recording e l ec t rodes  on the  dura and then t r a ined  on a v i s u a l l y  cued 

shock avoidance t a s k  r equ i r ing  both response and i n h i b i t i o n  of  response 

t o  appropr i a t e  s t i m u l i .  

and a power spectral  d e s n i t y  a n a l y s i s  of s e l e c t e d  10 second epochs 

c a r r i e d  out  on a computer. 

of perfornrance, he was exposed t o  a 2500 rad  pulse .  

were monitored f o r  an  hour af ter  t h e  pulse and p e r i o d i c a l l y  u n t i l  death.  

Maximum incapac i t a t ion  i n  t h e  p o s i t i v e  response category appears 5-15 

minutes af ter  pulse ,  whereas maximum dis t rubance  i n  i n h i b i t i o n  of 

EM; d a t a  on magnetic tape  was la ter  d ig i t i zed  

A f t e r  t h e  monkey reached a s t a b l e  leve l  

Behavior and EEG 

response appears 15-30 minutes after pulse. 

from t h e  normal low vo l t age  fast a c t i v i t y  t o  a high vo l t age  slow wave 

p a t t e r n  c l o s e l y  followed t h e  onse t  of behavioral i ncapac i t a t ion .  There 

was a r eve r s ion  of t h e  EEG p a t t e r n  t o  a normal frequency spectrum con- 

comitant w i th  behavioral  recovery. The r e s u l t s  i n d i c a t e  t h a t  the EEG 

can be used as an  index of r a d i a t i o n  induced behavioral  impairment. 

A s h i f t  i n  EM; spectrum 
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FISSION NEUTRON RELATIVE EFFECTIVENESS FOR PERFORMANCE DECREMENT I N  

. - .THE MINIATURE PIG 

. . . . . . .. . . . -  - -  - I . .. . .  . .' 
- , , . - 1 -. . I - 1  . .  

R. E. George, R. L .  Chaput, D. PI. Verrelli 
Armed Forces Radiobiology Research I n s t i t u t e  
; '  - . 

. .  . .  . .  :: I,, L r . ,  : . .  ' . . 

Miniature .pigq, t r a ined  t o  c ros s  a .shut t lebox on cue, were 

oupra le tha l ly  i r r a d i a t e d  i n  a nuclear  reactor-produced neutron f i e l d ;  

their:  p o s t i r r a d i a t i o n  performance.uas compared t o  t h a t  o f  pigs  s i m i l a r l y  

i r r a d i a t e d  i n  e i t h e r  a g a m  ray  f i e l d  or  -a mixed gamrna-neutron f i e l d  

prqduced..with t h e  same-reactor.  -The neutron f i e l d  consis ted of approx- 

imately 90 . .  percent neutrons and 10 percent g a m a  rays;  the  gama  f i e l d  

was about , _  . 5 percent  neutrons and 95 percent gamma rays ;  the  mixed 

f i e l d  was about 30 percent neutrons and 70 percent  ganma rays.  Since 

i t  had been shown t h a t  r a d i a t i o n  damage t o  head s t r u c t u r e s  was the  

cause of e a r l y  permanent i ncapac i t a t ion ,  ea r ly  t r a n s i e n t  incapac i ta t ion  

( E T I ) ,  and e a r l y  dea th  i n  these  p igs ,  dose t o  the  middle of the b ra in  

was used as t h e  re ference  f o r  comparisons. The dose r a t e  a t  t ha t  
. .  

point  was approximately 2000 rads/min f o r  a l l  i r r a d i a t i o n s  and doses 

ranged from 1500 t o  over 36,000 rads.  D i s t r ibu t ion  of dose across  t h e  

b ra in  and ra t io  of midbrain t o  mid t runk doses d id  not vary g r e a t l y  

among the  neutron, g a m a  and mixed f i e l d  i r r a d i a t i o n s  

The miniature  p ig ' s  response t o  the  f i s s i o n  neutron f i e l d  was 

q u i t e  d i f f e r e n t  from i t s  response t o  similar doses from the gamma ray 

f i e l d .  Early performance decrement, including ET1 and ear ly  permanent 

i ncapac i t a t ion ,  occurred following much lower doses from the g a m a  
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PREVENTION OF EARLY PERFORMANCE DECREMENT/INCAPACITATION €DLLOWING 

4000 RADS OF MIXm GAMMA-NJ3UTRON RADIATION 

J. E. Turns 
Armed Forces Radiobiology Research I n s t i t u t e  
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r-mkeys @. mulatta) were t ra ined  t o  perform a d i s c r e t e - t r - s l ,  cued 

avoidance task .  Femoral ca the t e r s  were then placed, under sodium 

pen toba rb i t a l  anes thes ia ,  t o  record blood pressure  va lues ,  and the  

animals  were i r r a d i a t e d  3 days postoperatively.  Each animal received 

4000 r ads  of  mixed gamma-neutron r ad ia t ion  de l ive red  as a s ing le  pulse .  

Ten animals were t r ea t ed  with norepinephrine in fus ion  following 

i r r a d i a t i o n .  There was no conr i s t en t  c o r r e l a t i o n  between blood pressure 

and p o s t i r r a d i a t i o n  performance. Some performed poorly even though 

blood pressure  was maintained a t  normal or  near normal levess:  one 

animal,  however, performed s a t i s f a c t o r i l y  f o r  some time even though h i s  

mean a r t e r i a l  blood pressure could not be maintained above 40 mn Hg. 

Another series of s t u d i e s  has been s t a r t e d  using an  antihistamine as 

pre t rea tment .  To d a t e ,  s i x  t r a ined  animals have been i r r a d i a t e d ,  and 

only  one has f a i l e d  t o  perform s a t i s f a c t o r i l y  during the  f i r s t  30 

minutes postexposure. The untreated cont ro l  monkeys cons i s t en t ly  s u f f e r  

performance decrement wi th in  30 minutes following 4000 r ads  of pulsed 

mixed gama-neutron r ad ia t ion .  
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THE RELATIONSHIP OF NAUSEA AND VDMITING 

TO RADIATION DOSE 

E. L. Saenger, E. B. S i l b e r s t e i n ,  J. G. Kereiakes 
Universi ty  of Cincinnati  

. .  
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P a t i e n t s  with metastatic carcinoma were i r r a d i a t e d  with 6oCo 

gamma r ays  i n  doses up t o  250 rads  t o  the  whole body, 300 rads  t o  

upper body (above t h e  xiphoid process) o r  luwer body (below the  

xiphoid process) or 200 rads  from manubrium t o  pubis. The dose 

ra te  was 4 t o  5 rads  p e r  minute. 

s t a b l e  without anorexia,  nausea or vomiting p r i o r  t o  treatment.  

The incidence of nausea and vomiting, dura t ion ,  and l a t e n t  

These p a t i e n t s  were c l i n i c a l l y  

period were noted for these  groups. The l a t e n t  period for nausea 

and vomiting was q u i t e  s h o r t ,  r a r e l y  exceeding t h r e e  hours. The 

inc idence  of nausea and vomiting rose  from n i l  a t  60-70 r ads  t o  

677. a t  200 rads  whole body i r r a d i a t i o n .  Symptoms were less l i k e l y  

to occur with upper than  with lower body i r r a d i a t i o n  a t  t he  same 

doses. 



1100 - 30 March 

EFFECTS OF RADIATION ON HUMAN ABILITIES 

Aaron Wolfgang 
The Ontar io  I n s t i t u t e  f o r  S tudies  i n  Education 

and 
Walter Reed General Hospital  

A 14 minute color  f i l m  descr ibes  an  ongoing p ro jec t  designed t o  

assess t o  what degree and on what types of tasks  human a b i l i t i e s  would 

be a f f e c t e d  when exposed t o  varying amounts of ion iz ing  i r r a d i a t i o n  t o  

the  b r a i n  or sp ina l  cord.  Only sub jec t s  who have no damage t o  the 

c e n t r a l  nervous system are included i n  the  study. The f i lm  shows a 

.. .. 

s u b j e c t  undergoing r a d i a t i o n  treatment f o r  a tumor of t he  scalp and 

how r a d i a t i o n  penet ra tes  through the sca lp  wi th  d i f f e r e n t  amounts of 

r a d i a t i o n  being absorbed a t  varying depths of t he  bra in .  The subject  

is shown performing on a n  objec t ive  ba t t e ry  of tests t h a t  are  administered 

before  t reatment ,  middle of t reatment ,  end of t reatment ,  and 1, 3, and 

6 months following t reatment .  The tests are descr ibed and include 

measures of motor coordinat ion,  muscle s t r eng th ,  anx ie ty ,  motivation, 

memory and t a sks  involving epeed and accuracy i n  decision-making. The 

s u b j e c t ,  when interviewed, descr ibes  some d i f f i c u l t i e s  he had in  

remembering but these  d i f f i c u l t i e s  were temporary. 

impl ica t ions  of t he  research  are discussed and d a t a  concerning people 's  

r e a t i o n s  toward ind iv idua ls  acc ident ly  exposed t o  r a d i a t i o n  is  presented. 

The p rac t i ca l  
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MEASUREMENT OF PERFORMANCE DECREMENT BY IMPEDANCE 

PNEUMOCRAPHY DURING CONI'ROLLED WERCISE 

AM)  TOTAL-BODY IRRADIATION IN MAN 

Robert C. Ricks, C. C. Lushbaugh 
ORAU 
and 

Emory University 
.. ' .  Edward Frome 

- .  
I >  

. - I  
_ <  

7 .  . . - .  
Since the  incept ion  of m n ' s  space e f f o r t s  many exhaustive tests 

- I .  

have been performed t o  determine physiologic responses t o  h o s t i l e  

environments. Early experiments included t h e  physiological e f f e c t s  of 
1 -  

c e n t r i f u g a t i o n  (G-force s tud ie s ) ,  weightlessness,  and shor t -or  

term confinement (capsule simulation).  Recent space missions, 

t ransversed t h e  Van Allen r ad ia t ion  b e l t s  and were extended i n  

have increased the  necess i ty  f o r  a more thorough understanding 

_ -  - 
long- 

which 

t i m e  , 

of atan's 

performance a b i l i t y  i n  the  event of exposure t o  ionizing r ad ia t ions .  The 

need f o r  t h i s  experimentation is p a r t i c u l a r l y  enhanced by t h e  f a c t  t h a t  

o r b i t i n g  space s t a t i o n s  (now i n  planning s tages)  w i l l  be powered by on- 

board nuclear  r e a c t o r s  t h a t  w i l l  expose crew members to  l o w ,  well-defined 

to t a l ibody  i r r a d i a t i o n s .  

add t o  the  p o s s i b i l i t y  of incapac i ta t ion  by r a d i a t i o n  exposures. 

few experimental  s i t u a t i o n s  a r i s e  i n  which man is rout ine ly  exposed t o  

total-body i r r a d i a t i o n s .  

e f f e c t s  of total-body i r r a d i a t i o n  we measured r e sp i r a to ry  funct ion (via 

impedance pneumograph) i n  pa t i en t s  w i t h  chronic l e u k e m i a  exposed t o  

the rapeu t i c  l e v e l s  of 6oCo gama rad ia t ion .  

Less predic tab le  g a l a c t i c  and s o l a r  r ad ia t ions  

However, 

I n  order t o  inves t iga t e  the performance decrement 

Selected pa t i en t s  exercised 
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AN APPROACH TO 
AND HARDWARE 

ESTIMATII'G THE C-INED PIPACT OF HlTMAN 

' .  
Gerald P. Chubb 

Aerospace Medical Research Laboratory 
Wright-Patters- A i r  Force Base, Ohio 

Most weapons systems involve both man and machine. Hardware 

r t u d i e s  of nuclear  survivability/vulnerability (S/V) have, u n t i l  

r e c e n t l y ,  t r e a t e d  crew v u l n e r a b i l i t i e s  separa te ly .  F i r s t  attempts 

t o  t r e a t  crew v u l n e r a b i l i t i e s  on a more e x p l i c i t  basis s i m i l a r l y  

assuned the hardware degradation had no impact on an assessment of 

human v u l n e r a b i l i t y .  

During the  last r i x  months, the  Aerospace Medical Rerearch 

Laboratory has been developing an approach f o r  combining both 

hardware and human v u l n e r a b i l i t y  assessments i n t o  an in tegra ted  

eva lua t ion  of system vulnerabilityfsumivability. A method has 

been devised f o r  describing hardware degradation, and the log ic  

has been developed f o r  i n f e r r i n g  how these opera t ing  def ic ienc ies  

may a f f e c t  the  sequence or d i f f i c u l t y  of t a sks  following exposure 

t o  a nuc lear  event. 

r ev i sed  t o  r e f l e c t  the impact r ad ia t ion  induced performance de- 

crement might have on mission success is now being f u r t h e r  modified 

t o  inc lude  these new considerat ions as w e l l .  

The Monte Carlo s imulat ion model t h a t  w a s  

Data a re  now being co l l ec t ed  t o  determine how p i l o t s  respond 
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TOTAL-BODY IRRADIATION EFFECTS IN 

SELECTED ANIMAL SPECIES 

E. J. Ainsworth 
Argonne National Laboratory 

. . .  

The presenta t ion  draws from published work, unpublished but completed 

. .  . .  ... ... 

s t u d i e s  and work i n  progress ,  t o  evaluate  c r i t i c a l l y  genera l iza t ions  

regarding responses of var ious species  t o  total-body photon and neutron 

i r r a d i a t i o n s .  S a l i e n t  f ea tu re s  of s ing le  and sp l i t -dose  Le tha l i t y  s tud ie s  

wi th  rodents ,  swine, sheep and dogs exposed t o  1 Wp X-rays a r e  summarized. 

In add i t ion  t o  d i f f e rences  in recovery "rates",  some species  exh ib i t  delays i n  

onse t  of recovery and a phase of increased r a d i o s e n s i t i v i t y  which succeeds 

a period of rapid recovery. 
60 

Responses of swine and sheep t o  pro t rac ted  

Co gamma i r r a d i a t i o n  i l l u s t r a t e  a r e l a t ionsh ip  between recovery a b i l i t y ,  

measured by sp l i t -dose  LD50 determinations,  and recovery p o t e n t i a l  durinq 

p ro t r ac t ed  i r r a d i a t i o n .  One experiment with sheep explored a d d i t i v i t y  of an 

acu te  sub le tha l  exposure followed by pro t rac ted  exposures a t  4R/hr. Complete 

a d d i t i v i t y  was observed under these circumstances, as predicted from e a r l i e r  

sp l i t -dose  l e t h a l i t y  s t u d i e s  which showed an extended no-recovery period a f t e r  

acu te  exposure. A sunmvrry of l e t h a l i t y  s tud ie s  in dogs includes dose-survival 

t i m e  r e l a t ionsh ips  a f te r  sup ra l e tha l  exposure to  pulsed gannna/neutron r a d i a t i o n ,  

and LD50/30 es t imates  f o r  f i s s i o n  spectrum neutrons,  14.7 Mev neutrons and 

1 Mvp X-rays. 

provides an exce l l en t  f a c i l i t y  f o r  study of f i ss io t i  neutron e f f e c t s  on 

The High Level Exposure Room adjacent  t o  Argonne's JALWS reactor 

i 
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RADIATION EXPOSURE RATE DEPENDENCY OF THE PPaTNE RESPONSE 

. .  

. . .  . . .. 

N. Gengozian 
ORAU 

The depressive e f f e c t  of ionizing r a d i a t i o n  on the Fmmune mechanism 

has been d o c m n t e d  i n  a va r i e ty  of species  under a v a r i e t y  of experimental 

condi t ions .  

considered i n  a t tempting t o  evaluate the e f f e c t  of r ad ia t ion  on the i m n e  

response,  four  may be considered t o  be of primary importance: (1) rad ia t ion  

dose; (2) r ad ia t ion  q u a l i t y ;  (3) rad ia t ion  exposure r a t e ;  and (4) the  

temporal r e l a t i o n  of an t igen  in j ec t ion  and r a d i a t i o n  exposure. Studies  i n  

ou r  labora tory  have r ecen t ly  emphasized a reeva lua t ion  of point  (3). 

r a d i a t i o n  Lnmnrnology, exposure rate s tud ie s  have genera l ly  f a l l e n  i n t o  three 

broad ca t egor i e s ;  (A) acute ,  i.e. r ad ia t ion  given in a matter  of a few 

minutes or hours; (B) chronic,  i . e .  r ad ia t ion  administered continuously 

Over days,  weeks, o r  months; and (C) f r ac t iona ted ,  i .e .  acute  or chronic 

r a d i a t i o n  given i n  increments a t  f r a c t i o n a l  (hourly,  d a i l y ,  e tc . )  i n t e rva l s  

u n t i l  a des i r ed  t o t a l  dose is obtained. Rela t ive  to  category (A) i t  has 

t a c t i l y  been assumed t h a t  rad ia t ion  del ivered i n  a few hours is comparable 

i n  its inmunosuppressive e f f e c t s  t o  r ad ia t ion  de l ive red  i n  a fev minutes. 

Our s t u d i e s ,  however, show t h a t  t h i s  r e l a t i v e l y  small d i f f e r e n t i a l  i n  radia- 

Although seve ra l  dependent and independent var iables  must be 

In 

t i o n  tLme has a marked e f f e c t  on the degree of Lnnrmnosuppression achieved. 

Thus, w i th in  t h i s  so-cal led "acute" exposure per iod ,  I t  has been found that 

r a d i a t i o n  given i n  a few minutes is f a r  more suppressive than the same radia- 

t i o n  dose given i n  a few hours. Extrapolat ion of t h i s  information t o  a 

p o t e n t i a l  c l i n i c a l  s i t u a t i o n ,  the engraftment of fore ign  marrow, has revealed 
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ANALYSIS OF SURVIVAL AND CAUSE OF DEATE STATISTICS FOR MICE 

UNDER -0N-OF-LIF’E GdMMA IRRADIATION 

Douglas Grahn, It. J. M. R y ,  urd Ruth A. Lea 
Atgonne National Laboratory 

. .  

. ’ The late e f f e c t s  of pro t rac ted  l i f e t ime  exposure t o  lov l eve l s  

of external r a d i a t i o n  continue t o  be a matter  of opera t iona l  concern. 

S tud ie s  have been c a r r i e d  out on neveral  inbred mouse s t r a i n s  and 

hybrids  i r r a d i a t e d  f r a n  yarng adulthood t o  d i f f e r e n t  d a i l y  exposure 

l e v e l s  of ‘OCo g a m a  i r r a d i a t i o n .  

6, 12, 24, 32 R/day and above. 

able t o  the occupational MPD f o r  the  a t an ic  tnergp  industry.  

The l eve l s  include 0.3, 1.3, 2.6, 

The l aves t  l e v e l  in roughly canpar- 

A t  the lowest dose, there  is l i t t l e  evidence of l i fe -shor ten ing ,  

bu t  an exposure increases ,  there  is an exponential  decl ine i n  l i f e  

expectancy with increaning d a i l y  dose. 

c i e n t  i s  approximately 4 days /100R accmufated or 4XIRlday. 

The l i fe -shor ten ing  coeff i- 

The experiment revealed t h a t  when l i f e - rho r t en ing  is  5 15 percent ,  

a l l  of t h e  increased mor t a l i t y  can be a t t r i b u t e d  t o  radiat ion-induced 

hcrcanen in the  death r a t e s  f r m  neoplas t ic  d i seases ,  including v a r i -  

oua forms of leukemia, pulmonary tumors, and tumors of the female 

reproduct ive  system. The age-specif ic  death r a t e s  f o r  mice dying 

of a l l  o the r  causes remain the same as the  con t ro l s  throughout l i f e ,  

a t  the lowest done l eve l s .  A t  6 R/day, a non-neoplastic d i sease  

component of excess mor t a l i t y  r a t e  begins t o  emerge. 

r a p i d l y  wi th  increas ing  d a i l y  exposure l e v e l .  

This increases  
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INFLDENCE OF HYPOTEm-HYPERCAPNU ON TERATOLOGIC EFFECTS 

, OE WHOLE-BODY GAMMA IRRADIATION IN FETAL RAT BRAIN . - -  

I 

K. R. Brizzee, Ph.D. ,  M.D. 
Tulane Universi ty  

- a .  
.. .. 

Timed-pregnancy a lb ino  rats were exposed, on ges t a t ion  day 

60 13.5, t o  s i n g l e  doses of whole-body g a m a  (Co ) i r r a d i a t i o n  f r a n  

25 R t o  200 R (50 R/min.) i n  increments of 25 R. Animals of 

another  group received an ini t ia l  exposure of 100 R followed i n  

9 hours by recond doses of 50 R or 100 R. A t h i r d  group was 

exposed t o  the  lame i r r a d i a t i o n  regimens as the second group, 

bu t  hypothermia-hypercapnia (R.T. 20' C t o  75 minutes) was in- 

duced in these rats inmediately after t h e  i n i t i a l  i r r a d i a t i o n  

exposure. 

follawed immediately by hypothennia-hypercapnia but  without f u r -  

A fou r th  group WM exposed t o  a s ing le  dose of 100 R 

t h e r  r a d i a t i o n  exposure. On ges t a t ion  day 19.5 t he  cross  sec t ion-  

a l  area of primordial  ce reb ra l  cor tex  was determined a t  the  ros t ro -  

caudal  mid-point of the ce reb ra l  hemisphere, and mean values f o r  

a l l  groups were p lo t ted  on a semi-log sca le .  The r e s u l t i n g  graph 

revea led  a dose-rerponse curve wi th  a shoulder zone between 25 R 

8nd 75 R in the s ingle  dose group. In the sp l i t -dose  groups mean 

va lues  were higher  than in  animals exposed t o  canparable doses 

i n  s i n g l e  exposurer . 
in the interval between t h e  two exposures and following only a 100 R 

I n  animals subjec t  t o  hypothermia-hypercapnia 
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IN VITRO STUDIES OF CHROmSOkE ABERRATIONS 

CAUSED BY IRRADIATION 

E. B. S i l b e r s t e i n ,  J. Kereiakes, C. Ewing 4 

and J. Donovan 
Univers i ty  of Cincinnati  

There is considerable in te r - labora tory  v a r i a t i o n  i n  the  

dose-response r e l a t i o n s h i p  between i n  v i t r o  lymphocyte i r r a d i a t i o n  

and the production of d i c e n t r i c  and r i n g  chromosome a b e r r a t i o n s .  

In an 8ttempt t o  c l a r i f y  the  r o l e  of some of the many v a r i a b l e s  

i n  t h i s  i n  v i t r o  system, lymphocytes were i r r a d i a t e d  under varying 

c u l t u r e  condi t ions  and a t  th ree  dose r a t e s  t o  a t o t a l  of 300 rads .  

Pre l iminary  r e s u l t s  t o  da t e  suggest d e f i n i t e  v a r i a t i o n s  i n  the 

test system response depending on whether the dose rate is 4, 75, o r  

300 rads  pe r  minute and whether the lymphocytes are i r r a d i a t e d  

in whole blood or i n  cu l tu re .  
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