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PREFACE 

T h i s  work was per formed as a Nuclear Weapons E f f e c t s  

Sub task  e n t i t l e d  " N e u r o p h y s i o l o g i c a l  B a s i s  of P r i m a t e  Pe r -  

formance Decrement ,"  funded by t h e  I je fense  Nuclear Agency 

under  C o n t r a c t  No. DNA-001-74-C-0098. The present  d a t a  re- 

v e a l  r a d i a t i o n  d o s e - r a t e  e f f e c t s  on monkey pe r fo rmance  and 

phys io iogy  r e l e v a n t  t o  a n  u n d e r s t a n d i n g  of t h e  b a s i s  of 

r a d i a t i o n - i n d u c e d  e a r l y  p r i m a t e  per formance  decrement  and 

i n c a p a c i t a t i o n .  

T h e a u t h o r w i s h e s  t o  e x p r e s s  h i s  g r a t i t u d e  t o  t h e  f o l -  

l owing  i n d i v i d u a l s  who a s s i s t e d  i n  many p h a s e s  of t h i s  re- 

s e a r c h :  V .  Bogo, E .  A .  Henderson ,  A .  N .  Ga.llegos, E .  C .  

K i m m e l ,  M .  S p r o u l ,  C .  I). Campbel l ,  and S.  F. J e n n i n g s .  

T h i s  research was conduc ted  a c c o r d i n g  t o  t h e  p r i n c i -  

p l e s  e n u n c i a t e d  i n  t h e  "Guide f o r  L a b o r a t o r y  Anlma l  F a c i l i t i e s  

and C a r e , "  p r e p a r e d  by t h e  N a t i o n a l  Academy of  S c i e n c e s ,  Na- 

t i o n a l  Resea rch  Counc i l .  
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INTRODUCTION 

An e a r l i e r  r e p o r t  from this l a b o r a t o r y  demonstrated 

the dependence upon 6oCo exposure dose rate of postirradia- 

tion hypotension and performance decrement A s  dose rate 

increased over the range from 50 to 180 radJmin, hypotension 

appeared earlier and its rate of development was more rapid. 

Likewise, with higher dose rate there was a greater inci- 

dence and severity of behavioral impairments as disclosed 

by our delayed matching-to-sample, shock-avoidance task. 

Because the initial postexposure appearance of both 

hypotension and performance decrement occurred systematically 

later as dose rate was lower, we proposed the existence of a 

cumulative dose threshold f o r  t he  elicitation of this early 

syndrome. The minimum effective total dose was estimated 

as being approximately 300 rad midbody. Additionally, a 

dose rate prediction was derived from a model based on the 

data obtained at that time which predicted a near-zero inci- 

dence of the early syndrome at a dose rate of approximately 

30 radjmin. 

The purpose  of the present study was to test the l o w  

dose rate prediction by exposing a new group of monkeys to 

33 rad/min while monitoring their matching-to-sample per- 

formance and blood pressure. 
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METHODS ANU MATERIALS 

S u b j e c t s  

T h e  s u b j e c t s  of t h e  p r e s e n t  s t u d y  were 18 male r h e s u s  

monkeys (Macaca m u l a t t a ) ,  weighing  between 2 . 5  and 3 . 0  kg :  

o b t a i n e d  f rom P r i m a t e  Impor t s  Corp. of  N e w  York. They were 

obse rved  and t r e a t e d  a s  n e c e s s a r y  f o r  en te r ic  d i s e a s e s  and 

t u b e r c u l i n  t e s t e d  b e f o r e  e n t e r i n g  t r a i n i n g .  Two t o  seven  

days  p r i o r  t o  i r r a d i a t i o n  t h e y  were s u r g i c a l l y  i m p l a n t e d ,  

under  h a l o t h a n e  a n e s t h e s i a ,  w i t h  a femora l  a r t e r i a l  c a t h e t e r .  

The c a t h e t e r ,  which ex tended  i n t o  t h e  abdominal a o r t a ,  w a s  

c o n t i n u o u s l y  i n f u s e d  w i t h  h e p a r i n i z e d  s a l i n e  (3-10 u n i t s / m l /  

30 min) o u t s i d e  t h e  test  sess ions .  

Appara tus  

Each animal was s e a t e d  t h r o u g h  t h e  work week i n  a 

p l a s t i c  r e s t r a i n i n g  c h a i r ,  which i n c l u d e d  a head r e s t r a i n t  

t o  m a i n t a i n  o r i e n t a t i o n  toward  a s t imulus-response p a n e l  

f a c i n g  t h e  a n i m a l  i n  t h e  tes t  and exposure c u b i c l e .  The 

p a n e l  c o n s i s t e d  o f  f i v e  p l a s t i c ,  c i r c u l a r k e y s  a r r a n g e d  so 

t h a t  f o u r  of t h e  k e y s  were i n  a h o r i z o n t a l  row w i t h  t h e  

f i f t h  one c e n t e r e d  above them. (Only t h e  center two k e y s  

of t h e  row of f o u r  were used  w i t h  t h e  p r e s e n t  s u b j e c t s . )  

A s l i d e  p r o j e c t o r  t r a n s i l l u m i n a t e d  t h e  k e y s  f rom b e h i n d ,  

6 



d i s p 1 : i y i n g  t h 1 2  t a s k  s t i m u l  I , which \+'+re 55 niulticolored 

drawings  a n d  p a t t e r n s .  

P r o c e d u r e  

The a n i m a l  was i n i t i a l l y  shaped  by c o n v e n t i o n a l  

o p e r a n t  c o n d i t i o n i n g  p r o c e d u r e s  t o  e s c a p e  and e v e n t u a l l y  

a v o i d  shock  t o  t h e  f e e t  (6-10 mA, 0 . 5  s e c )  by p res s ing -  t h e  

p l s s t i c  k e y s  when i l l u m i n a t e d .  Over a s e v e r a l  week t r a i n -  

i n g  p e r i o d  t h e  an ima l  e v e n t u a l l y  a c h i e v e d  t h e  matching  

t a s k .  Here t h e  u p p e r  key w a s  l i g h t e d  w i t h  a sample s t i m u l u s  

s e l e c t e d  from t h e  a r r a y  o f  55. I f  t h e  an imal  p r e s s e d  t h e  

sample key i n  less t h a n  5 s e c ,  he avo ided  a s h o c k ,  t h e  

s a m p l e e x t i n g u i s h e d ,  and up t o  a 10-sec d e l a y  p e r i o d  ensued  

b e f o r e  t h e  tx'o c z n t e r  keys  i n  t h e  lower row were i l l u m i n a t e d ,  

one  d i s p l a y i n g  t h e  same s t i m u l u s  as had appea red  on t h e  sam- 

p l e  key ear l ie r ,  t h e  o t h e r  showing a d i f f e r e n t  s t i m u l u s .  

Press ing  t h e  c o r r e c t  match key avo ided  a shock and i n i t i a t e d  

a 10 - sec  t ime-out  p e r i o d  b e f o r e  t h e  n e x t  t r i a l .  Complete 

d e t a i l s  of t h e  p r o c e d u r e  and a p p a r a t u s  are  a v a i l a b l e  i n  

Brune r  e t  a l .  2,3 

R a d i a t i o n  Exposure 

When d a i l y  matching-to-sample per formance  a c c u r a -  

cies had s t a b i l i z e d  a t  above  70-percent  correct,  each 



an ima l  was r u n  4 or more days under  sham r a d i a t i o n  condi -  

tions. T h e  animals wrc? f o o d - d e p l ’ i ~ e d  16 h r  p r i o r  t o  ir- 

r i i d i a t  i o n .  Each monkey was i r r a d i a t e d  d o r s o v e n t r a l l y  

w h i l e  pe r fo rming  t h e  t a s k  a f t e r  a 30-minute warm-up r u n .  

Dosimetry was de t e rmined  w i t h  l i v e  and cadave r  monkeys 

u s i n g  h i g h - s e n s i t i v i t y  L i t h i u m  F l o u r i d e  thermoluminescent  

dosimeters. For  14 of t h e  a n i m a l s ,  t h e  s o u r c e - t o - s u b j e c t  

d i s t a n c e  was a d j u s t e d  t o  produce  a p p r o x i m a t e l y  1000 r a d  a t  

3 3 . 3 3  rad /min  midbody abso rbed  d o s e  (which  w i l l  b e  re- 

f e r r e d  t o  as 33 rad /min  f o r  s i m p l i c i t y ) ,  t a k i n g  i n t o  a c -  

c o u n t  decay of t h e  6oCo. The r ema in ing  f o u r  monkeys re- 

c e i v e d  1000 r a d  a t  50 rad /min .  F u r t h e r  d e t a i l s  r e g a r d i n g  

our exposure  and dos ime te ry  t e c h n i q u e s  may  be found i n  

2 , s  Bruner  e t  a l .  

Cont inuous  remote  po lygraph  r e c o r d i n g s  of b lood  

pressure  and h e a r t  r a te  were i n s t i t u t e d  a p p r o x i m a t e l y  30 

m i n  p r i o r  t o  b e g i n n i n g  t h e  e x p o s u r e ,  and c o n t i n u e d  w i t h o u t  

i n t e r r u p t i o n  up t o  60-min p o s t e x p o s u r e .  The e x p o s u r e  du- 

ra t ion  w a s  30 min and  20 min f o r  t h e  33 and 50 r ad fmin  

g r o u p s ,  r e s p e c t i v e l y .  A l l  p r e s e n t  r e f e r e n c e s  t o  p o s t -  

e x p o s u r e  are w i t h  r e s p e c t  t o  t i m e  f rom t h e  e x p o s u r e ’ s  

s t a r t .  T h e r e f o r e  t h e  i n i t i a l  30-min p o s t e x p o s u r e  p e r i o d ,  

d u r i n g  which some o f  t h e  s i g n i f i c a n t  e a r l y  e f f e c t s  o c c u r r e d ,  



r e f e r s  t o  t h e  same 30-min p e r i o d  d u r i n g  w h i c h  t h e  exposure  

x a s  aiimiiiistcirt:tl :it t h e  33 rad /mir i  d o s e  r a t e .  S h o r t l y  a l t e r  

comple t ion  o f  the c s p c i s u r e  t h e  per formance  t a s k  was i n t e r -  

r u p t e d  f o r  a few m i n u t e s  f o r  t h e  s u b s t i t u t i o n  of a new 

matching-to-sample s l i d e  t r a y  and t h e  d e t e r m i n a t i o n  of a 

b lood  p r e s s u r e  ze ro  r e f e r e n c e .  The per formance  t a s k  was 

t h e n  r e s t a r t e d  and c o n t i n u e d  f o r  t h e  remainder  o f  t h e  60- 

m i n  p e r i o d .  The a v e r a g e  d u r a t i o n  of  t h e  p r o c e d u r a l  in ter-  

r u p t i o n  was 6 rnin. 

Assessment  of PD-ET1 

P e r c e n t a g e  c o r r e c t  matching  s c o r e s  as  w e l l  a s  

p e n a l t y  s c o r e s  were computed f o r  each  s u b j e c t  a c c o r d i n g  t o  

t h e  methods d e s c r i b e d  i n  t h e  p r e v i o u s  r e p o r t s .  1-3 

p e r c e n t a g e - c o r r e c t  measure is s imply  t h e  number o f  c o r r e c t -  

r e s p o n s e  t r i a l s  d i v i d e d  by t h e  t o t a l  number of t r i a l s  p r e -  

s e n t e d  over a 20-min p e r i o d .  T h i s  s i m p l e  measure s c o r e s  

b o t h  e r r o r s  and o m i s s i o n s  a s  i n c o r r e c t  r e s p o n s e s .  With 

t h e  p e n a l t y  measure, e r r o r s  and  o m i s s i o n s  o f  d i f f e r e n t  

t y p e s  were a s s i g n e d  d i f f e r e n t i a l l y  we igh ted  p e n a l t i e s  ac- 

c o r d i n g  t o  t h e i r  r e l a t i v e  f r e q u e n c y  o f  o c c u r r e n c e  p r i o r  t o  

i r r a d i a t i o n ,  such  t h a t  match errors, sample and  match omis- 

s i o n s ,  and ,  e s p e c i a l l y ,  r u n s  of errors and o m i s s i o n s  were 

we igh ted  i n  r e l a t i o n  t o  t h e i r  r e l a t i v e  r a r i t y  d u r i n g  t h e  

The 

9 



b a s e l i n e  s e s s i o n s .  These s c o r e s  were summed o v e r  20-min 

p e r i o d s  €or pre- to p o z t i r r a d i a t  ion  comparisons. 

T h e  particular penal  t .y  mc-ight i n g  v a l u e s  employed 

are t a b u l a t e d  i n  Appendix Tab le  A-1, and an example of how 

t h e  s c o r i n g  w a s  a p p l i e d  is shown f o r  a p r e v i o u s l y  r u n  180- 

rad /min  monkey i n  Appendix T a b l e  A-2, b o t h  t a b l e s  b e i n g  re- 

produced  from Bruner  e t  a l .  2 

I f  an an ima l  f a i l e d  t o  r e spond  t o  s i x  s u c c e s s i v e  

sample p r e s e n t a t i o n s ,  i t  was c o n s i d e r e d  t o  have m e t  o u r  

c r i t e r ion  of E a r l y  T r a n s i e n t  I n c a p a c i t a t i o n  ( E T I ) ,  o r  more 

s imply  r e f e r r e d  t o  as "Quit"  h e r e .  Dur ing  s u c h  Q u i t  p e r i o d s ,  

f o l l o w i n g  which t h e  an ima l  u s u a l l y  resumed p r e s s i n g ,  t h e  

shock  w a s  d i s c o n n e c t e d ,  a l t h o u g h  t h e  sample s t i m u l u s  con- 

t i n u e d  t o  c y c l e .  

RESULTS 

33 Rad/Min Per formance  

The t r i a l - b y - t r i a l  r e s p o n s e s  made by  e a c h  33-rad/min 

monkey d u r i n g  t h e  i n i t i a l  60-min  p o s t e x p o s u r e  are  p r e s e n t e d  

i n  Appendix T a b l e s  A-3 t h rough  A - 2 0  a l o n g  w i t h  t h e i r  p e n a l t y  

score d e t e r m i n a t i o n s .  The p e n a l t y  scores d e r i v e d  t h e r e f r o m  

were summed f o r  each p o s t e x p o s u r e  minu te  and t h e s e  are pre- 

s e n t e d  i n  Table 1. 
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c 

TABLE I 
INDIVIDUAL PENALTY SCORES OVER INITIAL 30 MINUTES POSTIRRADIATION 

FOR THE 33 RAD/MIN MONKEYS 

11 12  13 14 15 16 17 18 1Y 20 

__1 
Minute 

k 1 m 1  key 
N r ,  . 1 2  3 4 5 6 7 8 9 10 

854 1 0 0 2 2 1 1 0 0  0 

923 0 0 0 2 0 0 0 1 1  2 

877 0 1 0 0 0 0 0 0 1  0 

898 0 0 0 0 1 0 0 0 0  I1 

834 2 1 0 0 1 0 1 1 0  2 

804 2 0 1 0 1 0 0 1 0  2 

849 0 0 1 1 0 1 0 1 1  0 

868 0 4 0 0 0 1 0 1 0  2 

906 0 2 0 0 0 0 1 1 2  0 

azo 0 0 1 4 5 4 0 2 0  1 

821 0 0 1 1 0 2 7 0 1  1 

915 1 1 0 0 1 1 0 2 0  0 

1 881 2 7 0 1 2 0 0 1 1  1 

' 860 2 1 0 1 1 0 1 4 0  0 

2 1 0 1 0 0 0 1 0 0  

0 1 0  l o n o  

0 2 0 1 0 0 0 0 0 2  

0 0 1 0 1 0 0 0 0 0  

1 0 0 0 1 0 1 1 0 2  

0 0 0 0 0 1 0 1 2 1  

0 0 0 0 1 0 2 0 1 0  

1 2 1 0 0 1 0 1 1 0  

0 2 1 1 0 1 1 1 1 1  

2 1 0 0 1 1 0 2 2 1  

1 0  0 2 1 0  1 'I 0 I 

5 4 1 Q 1 0 1 0 1 0  

, 2  3 (1 o 1 o 1 o n i 

1 0 1 14 41 84 17 4 30 16 

2 17 13 

1 0  1 0  1 0  0 1 1 8 1  

4 0 0 1 0  1 ' 2  1 1  

0 1 0  1 2  0 1 1  8 t 2  

0 0 1 1 1 O L ~ l l  ' I  
3 0 1  0 0 0 1  , 1 2 2  

1 0 1 3 0 0 . 7 2 i l n  

o o n I D 0 o 11 1 2  

I 0 0 0 0  

1 1  2 1 0  0 1 : , 4  I 

0 1 0 0 2  

0 2 I O  0 0 I\ 2 I >  1 

1 0 0 1 0 2 1 1 1  

1 0  1 1 1 4 6 7 b 3 2 e  J 



In T a b l e  1, o n l y  oue  of the 14 monkeys showed a 

d e f i n i t e  i n c r e a s e  i n  p e n a l t y  s c o r e s  d u r i n g  t h e  f i r s t  30-  

rliin p o s t e x p o s u r e .  T h i ~ s  ~ z i s  !&)rikey No. E G O .  w h i c h  shcnved i t s  

per formance  decrement  p r i m s r i l y  i n  the  form of  f a i l u r e s  t o  

respond t o  s e v e r a l  n o n c o n s e c u t i v e  sample o r  match s t i m u l u s  

p r e s e n t a t i o n s  b e g i n n i n g  a t  t h e  1 4 t h  m i n u t e  (Tab le  A - 1 6 ) ,  or 

a f t e r  a b s o r p t i o n  of  a p p r o x i m a t e l y  467 r a d .  T h i s  monkey 

t h e n  resumed good m a t c h i n g  per formance  a t  m i n u t e s  21-24 

b e f o r e  showing a second 4-min p e r i o d  of impai rment .  

The o n l y  o t h e r  s u g g e s t i o n  of t r a n s i e n t  impairment  

d u r i n g  t h e  i n i t i a l  30  min was shown by No. 854's s l i g h t l y  

e l e v a t e d  scores a t  m i n u t e s  24-25, r e s u l t i n g  from one  sample 

o m i s s i o n  fo l lowed  by a match e r r o r  ( T a b l e  A - 3 ) .  T h i s  w a s  

n o t  j udged  s t a t i s t i c a l l y  s i g n i f i c a n t ,  however,  a s  w i l l  be  

e x p l a i n e d  l a t e r .  

A s c h e d u l e d  i n t e r r u p t i o n  f o r  chang ing  s l i d e  t r a y s  

a f t e r  c o m p l e t i n g  t h e  e x p o s u r e  was c a r r i e d  out  between 30-40 

min a f t e r  t h e  e x p o s u r e ' s  s t a r t .  T h i s  p r o c e d u r a l  i n t e r r u p -  

t i o n  was per formed o n l y  i f  t h e  a n i m a l ' s  pe r fo rmance  a p p e a r e d  

s a t i s f a c t o r y  based  on o n - l i n e  examina t ion  of t h e  remote d a t a  

p r i n t o u t s .  In  t h e  case of Monkey No. 868, i t  w a s  n o t i c e d  a t  

t h e  3 0 t h  m i n u t e ,  j u s t  b e f o r e  t h e  p l anned  i n t e r r u p t i o n ,  t h a t  

t h e  a n i m a l ' s  per formance  appea red  t o  be  f a l t e r i n g ,  so t h e  

12 



s l i d e  change  was d e l a y e d .  A f t e r  s e v e r a l  i n c o r r e c t  match 

c h o i c e s  betrwen minutes 3 0 - 3 3 .  the  monkey f a i l e d  t o  respond 

t o  R s a r n p l e p r i . s c n t a t i o n  ( T a b l e  A - 1 0 ) .  T h e n  a t  minu te  3 6 ,  t h e  

an imal  c e a s e d  r e s p o n d i n g  a l t o g e t h e r ,  and c o u l d  n o t  be re- 

s t a r t e d  e i t h e r  by t h e  a d m i n i s t r a t i o n  of shocks  or by manual 

m a n i p u l a t i o n .  Accord ing ly  No. 868 r e c e i v e d  a p e n a l t y  s c o r e  

o f  150 f o r  minu te  36 due t o  mee t ing  our q u i t  ( Q )  c r i t e r i o n  

of 6 c o n s e c u t i v e  sample o m i s s i o n s ,  which w e  have d e f i n e d  a s  

c o n s t i t u t i n g  i n c a p a c i t a t i o n  on t h i s  t a s k .  

All o t h e r  a n i m a l s  performed w e l l  a f t e r  t h e  proce-  

d u r a l  b r e a k  e x c e p t  No. 849 ,  which showed several  e r r o r s  and 

omissions o v e r  a 10-min p e r i o d  b e g i n n i n g  a t  t h e  4 9 t h  minute  

( T a b l e  A - 9 ) .  

The s e v e r i t y  of per formance  decrement  (PD) w a s  

e v a l u a t e d  s t a t i s t i c a l l y  by computing PD r a t i o s  as d e s c r i b e d  

i n  t h e  ear l ier  r e p o r t s .  1-3 

s t a n d a r d  2 score, and is o b t a i n e d  by d i v i d i n g  t h e  d i f f e r e n c e  

between e a c h  20-min p o s t s c o r e  and t h e  mean p r e s c o r e  by t h e  

s t a n d a r d  d e v i a t i o n  o f  t h e  a n i m a l ' s  p r e s c o r e .  The d e r i v e d  z 

s c o r e  o r  PD r a t i o ,  as w e  c a l l  i t ,  t h e r e f o r e  r e p r e s e n t s  t h e  

d e g r e e  of change  i n  pe r fo rmance  f o l l o w i n g  i r r a d i a t i - n ,  ad- 

j u s t e d  for  i n d i v i d u a l  d i f f e r e n c e s ,  and may b e  r e f e r r e d  t o  a 

N o r m a l  D i s t r i b u t i o n  T a b l e  for e x p e c t e d  p va lues .  For  - z = 

The PD r a t i o  is a n a l o g o u s  t o  a 

- 
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3.0,  fo r  example,  p = 0.0013, ~ n e - t a i l e d . ~  We have adop ted  

t h e  conven t ion  of  u t i  i z i n g  a P D  r a t i o  o f  3 . 0  o r  g r e a t e r  as 

a c r i t e r i o n  for i d e n t  f y i n g  s i g n i f i c a n t  PD. 

T a b l e  2 p r e s e n t s  t h e  p r e - p o s t  changes  i n  per formance  

p e n a l t y  scores summed o v e r  20-min b l o c k s  and t h e  r e s p e c t i v e  

PD r a t i o s  f o r  t h e  0-20, 10-30, and 40-60 rnin b l o c k s  p o s t -  

exposure .  The 20-40 and 30-50 min b l o c k s  were n o t  c a l c u l a t e d  

because  t h e y  i n c l u d e d  t h e  p r o c e d u r a l  i n t e r r u p t i o n s  f o r  s l i d e  

changing  and b lood  p r e s s u r e  z e r o  r e f e r e n c e  d e t e r m i n a t i o n s .  

The a n i m a l s  are  l i s t e d  i n  T a b l e  2 i n  o r d e r  o f  i n c r e a s i n g  

s e v e r i t y  o f  PD a c c o r d i n g  t o  t h e  0-20 min PD r a t i o  magni tude .  

The PD r a t i o s  u s i n g  t h e  p e n a l t y  s c o r e  sums, as 

shown i n  Table 2 ,  d i s c l o s e  t h e  s i g n i f i c a n t  decrement  ex- 

h i b i t e d  by Monkey No. 860 b e t w e e n 1 4 - a n d  28-min p o s t e x p o s u r e  

as n o t e d  i n  T a b l e  1 ear l ie r .  No o t h e r  a n i m a l s  demons t r a t ed  

s i g n i f i c a n t  b e h a v i o r a l  impairment  b y - . t h i s  measure d u r i n g  t h e  

f i r s t  two o v e r l a p p i n g  20-min b l o c k s  compr i s ing  t h e  i n i t i a l  

30-min p o s t .  A s i g n i f i c a n t  PD r a t i o  was also o b t a i n e d  f o r  

t h e  40-60 rnin decrement  shown by No. 849. The i n c a p a c i t a -  

t i o n  of No. 868 ,  hav ing  o c c u r r e d  d u r i n g  t h e  30-40 rnin p e r i o d ,  

w a s  n o t  i n c o r p o r a t e d  i n t o  t h i s  s e l e c t i v e  a n a l y s i s .  

T a b l e  3 p r e s e n t s  p r e - p o s t  changes  i n  p e r c e n t a g e  

correct ma tch ing  c h o i c e s  i n  Lna logous  format  t o  t h e  p e n a l t y  

14 



TABLE 2 
CHANGES IN PENALTY SCORE SUMS OVER 30-MIN BLOCKS A N D  

PD RATIOS FOR THE 33 RADJMIN MONKEYS 

Monkey 
No. 

a54 

923 

a77 

a98 

834 

a04 

a4 9 

868 

906 

820 

a2 1 

915 

881 

a60 

Preradiation Postradiation 

PD Sum PD Sum PD 
n - S Mean 0-20 Min Ratio 10-30 Min Ratio 40-60 Min Ratio - 

34 

24 

32 

27 

27 

41 

31 

29 

33 

55 

31 

50 

35 

43 

9.50 

9.75 

15.51 

9.71 

4.55 

9.50 

15.63 

7.36 

7.07 

10.26 

13.32 

8.76 

5.74 

5.80 

24.41 

19.75 

20.69 

9.38 

16. ai 

17.68 

16.21 

17.71 

14.24 

22.98 

16.41 

13.94 

14.97 

12 -1.31 

9 -1,06 

7 - 0 .  aa 
3 -0.66 

14 -0.62 

12 -0.57 

9 -0.56 

15 -0.16 

15 0.11 

27 0.39 

23 0.49 

19 0.58 

23 1.40 

42 1.85 19 

a -1. i a  35 

13 -0.50 21 

a -0.14 9 

12 -1.06 15 

13 -0.49 17 

14 -0.24 286 

11 -0.71 Quit 0 

13 -0.13 31 

26 0.29 33 

19 0.19 28 

25 1.26 24 

17 0.35 23 

-0.57 

1.54 

0.02 

-0.04 

-0.40 

-0.07 

37.16 

36 

2.37 

0.98 

0 .  a7 

1.09 

1.40 

16.58 I 218 34.73 390 64.38 17 0.07 



TABLE 3 
CHANGES I N  PERCENTAGE CORRECT OVER 2 0 - M I N  BLOCKS AND 

PD R A T I O S  FOR THE 33 RAD/MIN MONKEYS 

P r e r a d i a t  i o n  

Monkey 

923 24 

877 32 

,898 27 

834 27 

804 4 1  

849 3 1  

868 29 

906 33 

820 55 

5 .53  

5.88 

5.05 

3.83 

5.89 

6 .70  

8.54 

7.47 

7 . 3 1  

6.67 

7.64 

6.88 

7.93 

5.38 

73.26 

72.50 

76.36 

90.73 

74.19 

73.15 

78.19 

74.59 

77.33 

69.11 

79.13 

78.40 

74.74 

72.60 

P o s t r a d i a t i o n  

ib Cor rec t  PD '% Cor rec t  PD % Cor rec t  PD 
0-20 Min R a t i o  10-30 Min R a t i o  40-60 Min Ra t io  

84 

84 

87 

95 

76 

77 

82 

78 

75 

64 

70 

74 

7 1  

59 

-1.94 

-1.96 

-2 .11  

-1.11 

-0.31  

-0.57 

-0.46 

-0.46 

0.32 

0 .77  

1 .20  

0.64 

0.47 

2.53 

8 1  

86 

77 

85 

78 

75 

76 

80 

78 

72 

70 

72 

74 

53 

-1.40 

-2.30 

-0.13 

1 .50  

-0.65 

-0.28 

0.24 

-0.72 

-0.09 

-0.43 

1 .20  

0.93 

0 . 0 9  

3.64 

79 -1.04 

63 1 .62  

62 2.84 

84 1.76 

74 0.03 

75 -0.28 

54 2 .  82 

Q u i t  @ 3 6 '  

63 1.96 

56 1.96 

55 3 . 1 6  

68 1 . 5 1  

63 1.48 

69 0.67 



score a n a l y s i s  j u s t  d e s c r i b e d  for  t h e  same p o s t e x p o s u r e  

p e r i o d s .  

t h e  p e r c e n t a g e  c o r r e c t  measure f a i l e d  t o  a d e q u a t e l y  d i s c l o s e  

t h e  s e v e r i t y  or  s i g n i f i c a n c e  of decrement  as  d e t e c t e d  by t h e  

p e n a l t y  s c o r e  method. 

As w e  a l s o  lound i n  the  e a r l i e r  d o s e - r a t e  r e p o r t ,  1 

50 Rad/Min Per formance  

Four  monkeys r e c e i v e d  50 rad /min  i n  t h e  p r e s e n t  

ser ies  i n  order to expand t h e  - N a t  t h i s  dose  rate t o  1 2 ,  

as 8 had been a l r e a d y  r u n  as r e p o r t e d  i n  t h e  ear l ier  p a p e r . 1  

The i n d i v i d u a l  p e n a l t y  s c o r e s  of  a l l  1 2  50-rad/min monkeys 

o v e r  t h e  first 20-min p o s t e x p o s u r e ,  which was a l so  t h e  

e x p o s u r e ' s  d u r a t i o n  f o r  t h i s  g r o u p ,  are g iven  i n  T a b l e  4 .  

The f o u r  new a n i m a l s  are Nos. 9 2 1 ,  894 ,  864,  and 901.  The 

p r o c e d u r a l  i n t e r r u p t i o n  o c c u r r e d  s h o r t l y  af ter  t h e  e x p o s u r e ' s  

comple t ion  a n d  t h e r e f o r e  no 20-30 min performance data were 

ava i lab le .  The t r i a l - b y - t r i a l  r e s p o n s e s  of t h e  fou r  new 

a n i m a l s  are p r e s e n t e d  i n  Appendix T a b l e s  A-17 t h r o u g h  A-20. 

O f  t h e  p r e v i o u s  e i g h t  a n i m a l s  r e c e i v i n g  50 rad /min  

o n l y  two had shown per formance  impai rment .  These were Nos. 

863 and 814, b o t h  of which m e t  t h e  q u i t  c r i t e r i o n  a t  13 min  

p o s t .  Both r e c o v e r e d  3 min l a t e r  and  r a p i d l y  resumed normal 

pe r fo rmance .  O f  t h e  f o u r  new 50-radImin monkeys, none q u i t  

b u t  two o b t a i n e d  PD r a t io s  greater t h a n  3 .0 ,  as shown i n  
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TABLE 4 
INDIVIDUAL PENALTY SCORES OVER INITIAL 30 MINUTES POSTIRRADIATION 

FOR THE 50 RAD/MIN MONKEYS 

Minute 
Monkey 
No. 1 2 3 4 5 6 7 8 9 1 0  11 12 1 3  14 1 5  16 17 18 19 2 0  2 1  22 23 24 25 2R 27 28 20 30 

829 

863 

1 0 0 0 1 0 1 0 1  0 

0 1 1 0 0 1 0 1 0  0 

0 0 1 1 1 1 0 0 1  2 

i 3 1 i a 2 o i o  o 
0 0 1 0 2 0 0 0 1  0 

1 2 0 0 1 0 1 0 2  0 

0 0 3 1 1 0 0 2 1  5 

1 0 0 0 0 0 0 2 0  2 

2 0 0 1 1 0 1 1 0  0 

1 1 0 1 0 1 0 1 0  0 

0 1 0 2 0 1 0 0 2  5 

0 0 0 0 0 0 0 0 0  1 

0 0 0 1 0 0 1 0 1 0  

1 0 0 0 1 0 0 1 0 0  

0 1 0 1 0 1 0 1 0 0  

1 1 0 1 0 0 1 3 1 0  

0 1 . 1 . 0  2 0 2 1 1  1 

% 0 2 0 0 1 1 5 4 0  

4 1 1 0 0 0 0 0 0 2  

0 3 0  0 0 1. Y. B 0 0 1 

1 1  1 0  4 1 6  1 1  1 3  

0 0 1 0  0 0 0 1 1 5 0  

29 25 150 2 6 0 1 0 0  

0 2 150 4 2 0 0 0 0  

0 i o 0 1  

1. 0 0 0 0 0  

0 0  i o 0 0  

0 2  0 

0 0 0  

0 2 0  _I_ 

1 

n i  
1 0 1  

a 0 o ,I o 1 1  

0 2 1 2 0 1 0  

5 0 0 0 1 0  1 1  

1 -____ 1 1 0  

0 



T a b l e  5 .  No. 864 had been a ve ry  s t a b l e ,  good pe r fo rmer  

p r i o r  t o  I r r i ?d i  a t  i o n ,  2 n d  c . o n s e q u e n t l y  , 113a a v e r y  low 

s t a n d a r d  d e v i a t i o n  ( T a b l e  5 ) .  T h i s  a n i m a l ' s  s i g n i f i c a n t  

PD r a t i o  o f  3 . 3 1  r e s u l t e d  s o l e l y  from t h e  o c c u r r e n c e  o f  a 

sample omiss ion  a t  minu te  1 5  and a match omiss ion  a t  minute  

16. Thus,  i t s  PD was c o n s i d e r e d  m i l d .  The o t h e r  new animal  

showing a s i g n i f i c a n t  PD r a t i o ,  No. 901, f a i l e d  t o  respond 

t o  t w o  sample p r e s e n t a t i o n s  a t  minu te  20 .  N o t  shown i n  

T a b l e  4 is t h a t  t h i s  monkey a l s o  f a i l e d  t o  p r e s s  t h e  

n e x t  two s u c c e s s i v e  samples, t h e s e  b e i n g  p r e s e n t e d  a t  t h e  

start  o f  minu te  21. Fo l lowing  t h e s e  f o u r  c o n s e c u t i v e  sample 

o m i s s i o n s ,  No. 901 per formed n o r m a l l y ,  making o n l y  one  m a t c h  

error d u r i n g  t h e  s u b s e q u e n t  4 min a t  which t i m e  t h e  p r o c e d u r a l  

i n t e r r u p t i o n  was c a r r i e d  o u t .  

A l l  t h e  50-radImin a n i m a l s  were r e s t a r t e d  on t h e  

pe r fo rmance  t a s k  by 30-min p o s t e x p o s u r e .  A l l  per formed 

n o r m a l l y  t h e r e a f t e r  except for  No. 829 whlch made a few 

sample  and match o m i s s i o n s  a t  v a r i o u s  t imes between 38 and 

60 min p o s t ,  and No. 8 0 1  which made s i x  c o n s e c u t i v e  match 

e r r o r s  j u s t  a f t e r  t h e  restart  a t  m i n u t e  31. 

Thus,  t h e  e a r l y  PD shown by 4 of t h e  1 2  50-radImin 

monkeys c o n s i s t e d  o f  o n e  m i l d  and one  modera te  PD r a t i o  and 

two q u i t s .  For each  o f  t h e s e  f o u r ,  t h e  impairment  appeared - 



TABLE 5 
CHANGES I N  PERCENTAGE CORRECT AND I N  PENALTY SCORES OVER THE 
I N I T I A L  20 MINUTES POST EXPOSURE FOR THE 50 RAD/MIN MONKEYSa 

r i  P e r c e n t a g e  Cor rec t  

I I 

829 

812 

855 

921 
h) 

0 830 

825 

801 

8 94 

864 

901 

863 

814 

14 

2 1  

18 

40 

18 

19 

20 

27 

33 

25 

17 

20 

P r e  - 
s - - 

6.99 

6.84 

5.95 

6.66 

4.87 

4.34 

6 .73  

6 .11  

4.55 

6.85 

6.16 

4.24 

Mean 

79.64 

83.67 

83.00 

75.52 

77.72 

78 .11  

81.22 

82.15 

71.45 

78.04 

76.76 

87.79 

Post  
Score  

87 

87 

80  

72 

78 

72 

7 1  

78 

7 1  

82 

Q 

Q 

PD R a t i o  

Pre-Post  + s 

-1.05 

-0.49 

0.50 

0.53 

-0.06 

1 .41  

1.52 

0.68 

.10 

- .57 

- 

- 

P e n a l t y  Score  

I 

s - - 
4.05 

3.80 

11.53 

L4.02 

2.94 

6.64 

5.65 

L3.89 

5.09 

6.88 

7.24 

2.68 

? 

Mean 

11.29 

8 . 7 1  

14.65 

18.45 

12.83 

15.42 

14.45 

15.33 

18.15 

13.83 

15.25 

5.79 

Pos t  
Score  

7 

7 

11 

17 

1 3  

22 

2 1  

4 1  

35 

58 

Q 
Q 

PD R a t i o  

Pos t -Pre  t s - 

-1.06  

-0.45 

-0.32 

-0.10 

0.06 

0.99 

1.16 

1 .85  

3 .31  

6.42 

- 

- 

a P r e r a d i a t i o n  fi i n d i c a t e s  number of consecu t ive  20-min performance p e n a l t y  
s c o r e s  o b t a i n e d  from t h e  sham b a s e l i n e  r u n s .  s is t h e  s t a n d a r d  d e v i a t i o n  
of t h e  fi p r e r a d i a t i o n  s c o r e s .  
change i n  t h e  d i r e c t i o n  of improvement. N o  PD r a t i o s  were c a l c u l a t e d  f o r  

Negat ive PD ra t ios  s i g n i f y  p o s t r a d i a t i o n  
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w i t h i n  20-min p o s t e x p o s u r e  and endured  o n l y  2-6 min ( T a b l e  

4 ) .  

75 a n d  180 Rad/Min Per formance  

I n  t h e  p r e v i o u s  d o s e - r a t e  p a p e r ,  we r e p o r t e d  t h a t  

o u t  of  1 2  a n i m a l s  exposed a t  a dose  r a t e  o f  75 r ad /min ,  two 

had E T I ' s  and two showed P D  r a t i o s  exceed ing  3 .0  w i t h i n  20 

min o f  t h e  e x p o s u r e ' s  s t a r t .  The two s i g n i f i c a n t  PD r a t i o s  

were 6 .53  and 17 .01 .  The n e x t  h i g h e s t  r a t io  was 2 . 1 2  and  

a l l  o t h e r s  were less t h a n  1 . 0 .  The PD f i r s t  appea red  be- 

tween 6- and 10-min p o s t e x p o s u r e  and was over w i t h  by 16- 

min post for  t h a t  group.  

At a mean d o s e  ra te  exposure  of  180 r a d / m i n , l  we 

o b s e r v e d  8 o u t  of  16 a n i m a l s  showing PD r a t i o s  g r e a t e r  t h a n  

3 .0  p l u s  5 monkeys which showed e a r l y  t r a n s i e n t  i n c a p a c i t a -  

t i o n  (ETI ,  synonymous w i t h  Q u i t s )  w i t h i n  t h e  f i r s t  20-min 

p o s t .  Two o t h e r s  had PD r a t i o s  between 2 .0  and 3 .0 .  Two 

o f  t h e  i n c a p a c i t a t e d  monkeys r e v i v e d  by 17-min p o s t  and re- 

sumed normal  pe r fo rmance .  Two o f  t h e  o t h e r  Q u i t s  resumed 

normal pe r fo rmance  o n l y  a f t e r  a b r e a k  and manual s t i m u l a -  

t i o n  a b o u t  40-min p o s t e x p o s u r e .  The r ema in ing  monkey ' s 

i n c a p a c i t a t i o n  w a s  permanent  and d e a t h  ensued  w i t h i n  t h e  

hour .  However, t h e  o b s e r v e d  s e v e r i t y  of  effects  i n  t h i s  

group w a s  tempered somewhat b y  t h e  f a c t  t h a t  a f e w  of t h e  

-.. 
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a n i m a l s  were a l r e a d y  d e b i l i t a t e d  p r i o r  t o  i r r a d i a t i o n  a s  a 

result o f  difficulties w i t h  t h e i r  s u r g i c a l ' i m p l a n t s  a s  p r e -  

v i o u s l y  n o t e d . 2 , 3  

Dose Rate Comparisons 

To r ev iew,  t h e  i n c i d e n c e  of  per formance  decrement - - - 
a n d / o r  ET1 as a f u n c t i o n  of 6oCo dose  ra te  is summarized i n  

T a b l e  6 ,  i n  terms of  t h e  number o f  a n i m a l s  (and  p e r c e n t a g e )  

i n  each  group o b t a i n i n g  P D  r a t i o s  less t h a n  2 . 0 ,  greater 

t h a n  2 . 0 ,  g r e a t e r  t h a n  3 .0 ,  o r  which q u i t .  The d o s e - r a t e  

effect is r e a d i l y  e v i d e n t  i n  t h i s  t a b l e ,  a l t h o u g h  v e r y  

l i t t l e  d i f f e r e n c e  i s  d i s c e r n i b l e  between t h e  50- and 75- 

rad /min  g roups .  

A d e p i c t i o n  i n d i c a t i n g  t h e  PD r a t i o s  and t h e  i n c i -  

dence  d a t a  a s  a f u n c t i o n  of  dose  r a t e  is p r e s e n t e d  i n  

F i g u r e  1. The p e r c e n t a g e  of a n i m a l s  i n  e a c h  d o s e - r a t e  

g roup  hav ing  PD r a t i o s  greater  t h a n  3 .0  or  which q u i t  ( i . e . ,  

last column i n  T a b l e  6 )  is p l o t t e d  on t h e  r igh t -hand  o r d i -  

n a t e  i n  F i g u r e  1 a s  a f u n c t i o n  of dose  ra te  ( o n  a log  sca l e ) .  

The i n d i v i d u a l  a n i m a l ' s  PD r a t i o s  are i n d i c a t e d  on t h e  l e f t  

o r d i n a t e  as are t h e  f r e q u e n c i e s  o f  a n i m a l s '  hav ing  PD 

rat ios  e x c e e d i n g  10 or E T I ' s .  The l a t te r  r e p r e s e n t  cate- 

gories r a t h e r  t h a n  scores, t h e r e f o r e  t h e i r  l o c a t i o n  on t h e  

v e r t i c a l  reflects an o r d i n a l  T a n k  b u t  d o e s  n o t  r e p r e s e n t  a 
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TABLE 6 
INCIDENCE OF PD/ETI ASSOCIATED WITH 6oCo DOSE RATE 

Penalty PD Ratio 
Dose Rate > 2 . 0  + > 3 . 0  + 
(rad/min) (2.0 >2.0 >3.0 ET I ET1 ET I 

33 13 (93%) 1 (7%) 1 (7%) 0 ( 0 % )  1 (7%)  1 ( 7 % )  

50 8 (75%) 2 (17%) 2 (17%) 2 (17%) 4 (33%) 4 ( 3 3 % )  

75 7 (58%) 3 (25%) 2 (17%) 2 (17%) 5 (42%) 4 (33%) 

180 1 (6%) 10 (63%) 8 (50%) 5 (31%) 15 (94%) 13 (61%) 
N 
w 
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F i g u r e  1. P e n a l t y  Sc.ore PD Ratios Dur ing  I n i t i a l  20-Min P o s t -  
exposure  ( L e f t  O r d i n a t e ,  Open Symbols) and P e r c e n t  
I n c i d e n c e  o f  Animals Having PD Rat ios  Greater Than 
3 . 0  o r  a n  ET1 (R igh t  O r d i n a t e ,  Arrows) .  The S t r a i g h t  
L ine  w a s  F i t  by Eye (see t e x t ) .  Median E f f e c t i v e  
Dose Rate I n d i c a t e d - i s  94 rad fmin .  
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s c a l e d  d i s t a n c e .  A s t r a i g h t  l i n e  h a s  been drawn i n  by e y e  

t o  f i t  t h e  f o u r  group i n c i d e n c e  p o i n t s  o n  t h e  r i g h t  o r d i n a t e .  

The l i n e ' s  p o s i t i o n  was chosen  t o  imply t h a t  t h e  33 rad /min  

i n c i d e n c e  p o i n t  might  have been u n d e r e s t i m a t e d  because  one  

a n i m a l  n o t  i n c l u d e d  i n  t h i s  a n a l y s i s  q u i t  a t  36-min p o s t  

(No. 8 6 8 ) ,  and as  w e l l  t o  imply an o v e r e s t i m a t e  by t h e  180 

rad /min  p o i n t  because  some of t h o s e  a n i m a l s  may have been 

p r e d i s p o s e d  t o  PD/ETI due t o  s u r g i c a l  imp lan t  i n j u r y .  

The l o c a t i o n s  of t h e  PD ra t ios  aga ins t  t h e  l e f t  

o r d i n a t e  i n  F i g u r e  1 do n o t  re la te  q u a n t i t a t i v e l y  t o  t h e  

f u n c t i o n  drawn f o r  t h e  incidenc.e  p o i n t s .  The d e p i c t i o n  o f  

t h e  PD r a t i o s  h e r e  was t o  show: ( a )  t h a t  w i th in -g roup  v a r i -  

a b i l i t y  a p p e a r e d  t o  increase w i t h  d o s e  ra te  even among t h e  

s u b j e c t s  p e r f o r m i n g  w i t h i n  normal l i m i t s ;  and (b) t h a t  t h e  

a n i m a l s  t e n d e d  t o  d i cho tomize  i n t o  t h o s e  a f f e c t e d  and t h o s e  

u n a f f e c t e d  by e x p o s u r e ,  as opposed t o  r e v e a l i n g  a graded  

r e s p o n s e  o n  t h e  PD r a t i o  measure.  O n l y  f a r  t h e  h i g h e s t  

d o s e  ra te  group w a s  a n  i n t e r m e d i a t e  d e g r e e  of decrement 

a p p a r e n t .  

Blood P r e s s u r e  

F i g u r e  2 p r e s e n t s  mean p e r c e n t a g e  b lood  p r e s s u r e  

(BP) and h e a r t  r a t e  ( H R )  p o s t i r r a d i a t i o n  r e l a t i v e  t o  p r e r a d i -  

a t i on  basel ine f o r  12 of t h e  p r e s e n t  1 4  33-radImin a n i m a l s  ( t h e  
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Figures 2. Mean Percentage Blood Pressure ( B P )  and Heart Rate ( H R )  Relative 
t o  Preirradiation Baseline for the Four Present 6oCo Dose-Rate 
Groups and f o r  a Group Exposed to a 4000-Rad Pulse at the AFRRI 
Laboratories.3 



BP r e c o r d i n g s  were u n r e l i a b l e  f o r  t w o ) ,  super imposed  upon a 

f i g u r e  p r e s e n t e d  i n  o u r  p r i o r  d o s e - r a t e  r e p o r t 1  showing t h e  

p o s t r a d i a t i o n  r e s p o n s e s  of t h e  p r e v i o u s l y  r u n  50- ,  75-.  and 

180-radfmin  6oCo g r o u p s ,  p l u s  a p u l s e d  gamma-neutron group o f  

nonper forming  monkeys from t h e  AFRRI l a b o r a t o r i e s .  Addi- 

t i o n a l l y , i n  t h i s  f i g u r e , t h e  50- rad lmin  group d a t a  h a s  been 

upda ted  t o  i n c o r p o r a t e  t h e  4 new a n i m a l s '  r e s p o n s e s ,  y i e l d i n g  

a n  - N o f  12  i n  e a c h  of  t h e  5 group c u r v e s  shown where u s e a b l e  

BP data were a v a i l a b l e .  The raw data f o r  mean BP and HR of  

each  of t h e  1 2  33-radlmin a n i m a l s  and t h e  4 new 50-rad lmin  

a n i m a l s  are p r e s e n t e d  i n  Appendix T a b l e s  A - 2 1  and A-22 

I n  t h e  p r e v i o u s  r e p o r t  i t  was n o t e d  t h a t  t h e  t h r e e  

6oCo groups  and t h e  4000-rad p u l s e d  group a l l  showed similar 

d e g r e e s  o f  h y p o t e n s i o n .  T h e  a v e r a g e  d e p t h  o f  hypo tens ion  

was about 50% and e v e r y  an ima l  i n  t h e  6oCo groups  e x h i b i t e d  

some h y p o t e n s i o n .  Of  t h e  f o u r  new 50-rad/min monkeys, 

however,  o n e  d i d  n o t  show a BP d r o p .  L ikewise ,  i n  t h e  new 

group of 1 2  33-radfmin monkeys, one  showed no d i s c e r n i b l e  

e a r l y  h y p o t e n s i v e  r e s p o n s e .  

The c h i e f  d i f f e r e n c e  among d o s e - r a t e  g roups  n o t e d  

i n  t h e  ear l ier  f i n d i n g s  is borne  o u t  s t r i k i n g l y  i n  t h e  p re -  

s e n t  compar i son ;  namely, t h a t  t h e  o n s e t  o f  hypo tens ion  

o c c u r r e d  la ter  and i ts  rate  o f  f a l l  was s l o w e r  as  d o s e  ra te  

w a s  l o w e r .  A s  b e f o r e ,  t h e  6oCo g r o u p s '  d a t a  i n d i c a t e  t h a t  
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t h e  f i r s t  s i g n s  of d e v e l o p i n g  hypo tens ion  appeared  a f t e r  

cumula t ive  a b s o r p t i o n  o f  a p p r o x i m a t e l y  300 r a d ,  w h i c h  w i l l  

be examined i n  more d e t , a i l  below. 

The prominent  new t r e n d  demons t r a t ed  by t h e  33-rad/  

min group is t h a t  t h e i r  mean BP c u r v e  showed no pronounced 

p h a s i c  d i p  and r e c o v e r y  as  d i d  t h e  h i g h e r  d o s e - r a t e  g roups .  

The 33-radImin g roup ' s  mean BP e x h i b i t e d  i n s t e a d  a g r a d u a l  

d e c l i n e  ( b e g i n n i n g  most c l e a r l y  a f te r  about 9 min p o s t )  t o  

i t s  lowest p o i n t  a t  25  min p o s t  a n d  rcse o n l y  s l i g h t l y  

t h e r e a f t e r .  Many i n d i v i d u a l  33-rad:min animals d i d  r e v e a l  

d i s t i n g u i s h a b l y  U-shaped BP curves ,  however,  as  is e v i d e n t  

i n  t h e  r a w  d a t a  o f  t h e  Appendix, a u t  as  t h e i r  h y p o t e n s i v e  

d i p s  were r e l a t i v e l y  s h a l l o w ,  v a r i e d  i n  t i m e  p h a s e ,  and 

spanned  l o n g  d u r a t i o n s ,  t h e y  were masked i n  t h e  ave raged  

c w v e  shown. 

T h e  t i m i n g  and extent  of t h e  b lood  p r e s s u r e  changes  

are  compared i n  more d e t a i l  o v e r  d o s e - r a t e  groups  i n  Tab le  7 .  

The t a b l e ' s  first column i n d i c a t e s  t h a t  t h e  first n o t i c e a b l e  

d r o p  i n  BP o c c u r r e d  s i g n i f i c a n t l y  l a t e r  as  dose  ra te  was 

l o w e r .  The  second column i n d i c a t e s  t h e  approximate  curnula- 

t i v e  dose  abso rbed  a t  t h e  t i m e  of t h e  f i r s t  d r o p .  The t h r e e  

lower d o s e - r a t e  6oCo g r o u p s  r e v e a l e d  s imilar  mean c u m u l a t i v e  

a b s o r b e d  d o s e s  of approx ima te ly  300 r a d  a t  t h e  o n s e t  of  hypo- 

t e n s i o n ,  s u p p o r t i n g  o u r  e a r l i e r  c o n c l u s i o n  o f  a minimum 
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TABLE 7 
TIMING AND EXTENT OF POSTIRRADIATION BLOOD PRESSURE CHANGES+ 

Dose-Rate 
Group 

AFRRI 4000 
Rad P u l s e  : 

75 ( n = l 2 )  

50 ( n = l l )  

33 ( n = l l )  

(1) 
BP Drop 

S t a r t  

0 

2 .  83ab 
( 0 . 9 4 )  

4 .  4Zab 
1.08) 

6 . 7 3 a  
2 . 0 5 )  

9 .25a  
4 . 0 0 )  

( 2 )  
Cum. 
Dose - 

4000 

509 

332 

336 

308 

( 3 )  
Lowest 
BP% 

50 

37. 5aa 

43 .58  

(11 .96 )  

( 1 4 . 4 3 )  

42.42 
( 1 3 . 8 3 )  

50. aaa 
( 1 5 . 1 5 )  

( 4 )  
T i m e  of 
Low BP% 

3 

7.08" 
( 2 . 3 5 )  

11 .75a  
(1.60) 

1 4 .  27a 
( 2 . 8 7 )  

20.90a 
( 5 . 9 0 )  

(5) 
Fa1 1 
Time - 

3 

4.25"' 
1 . 7 6 )  

7 . 3 3 a  
1 . 2 3 )  

7 .45b  
3 . 8 6 )  

1. loa  
4 .77 )  - 

(6) 
T i m e  of  
Recov. 

20  

21.83a 

22.0Ob 

( 4 . 7 6 )  

( 3 . 0 8 )  

24 .  9 l C  
( 4 . 4 8 )  

31. 7Oab( 
( 4 . 0 3 )  

( 7 )  ( 8 )  
Recov. M i n .  t o  
BP% Recov. 

I 
75 1 7  

83 .99  1 4 .  67" 
( 1 3 . 0 0 )  ( 5 . 6 3 )  

88. 89 10 .25"  
( 7 . 6 0 )  (3.8.1) 

83.15  10.64 
( 8 . 6 3 )  (4 .4G)  

79.07 1 1 . 3 3  

* W i t h i n  a column, group means b e a r i n g  t h e  same s u p e r s c r i p t  w e r e  s i g n i f i c a n t l y  
d i f f e r e n t  by t - t e s t s  ( p  < . 0 5 ) ,  n o t  i n c l u d i n g  t h e  AFRRI group.  S t anda rd  dev i -  
a t i o n s  are shown i n  p a r e n t h e s e s .  O n e  a n i m a l  i n  each  of t h e  33 and 50 radfmin  
groups  showed no BP changes  and t h e r e f o r e  cou ld  n o t  be  inc luded  i n  t h e  a n a l y s e s  
p rov ided  i n  t h i s  t a b l e .  

i 
I 
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e f f e c t i v e  t o t a l  d o s e ,  o r  t h r e s h o l d ,  fer t h e  i n d u c t i o n  o f  t h e  

h y p o t e n s i v e  r e s p o n s e . '  

t h e  h i g h e r  c u m u l a t i v e  d o s e  shown f o r  t h e  lSO-rad/min g roup  

was p r o b a b l y  a n  o v e r e s t i m a t e  r e s u l t i n g  from t h e  p o o r e r  t i m i n g  

r e s o l u t i o n  a s s o c i a t e d  w i t h  t h e  h i g h e r  d o s e  r a t e  d e l i v e r y ,  

y i e l d i n g  a n  i n f l a t e d  " t h r e s h o l d "  f o r  them. 

A s  mentioned i n  t h e  e a r l i e r  r e p o r t ,  

Column t h r e e  o f  T a b l e  7 g i v e s  t h e  lowest percentage 

BP o b s e r v e d  f o r  each  an imal  a f t e r  exposure  a v e r a g e d  f o r  e a c h  

group.  T h i s  mean d i f f e r s  from t h e  group curves  o f  F i g u r e  2 

which showed BP ave raged  f o r  each  minute  p o s t i r r a d i a t i o n .  

Column t h r e e  r e f l e c t s  a rough t r e n d  f o r  t h e  d e p t h  o f  hypo- 

t e n s i o n  t o  be greater as  a f u n c t i o n  o f  h i g h e r  d o s e  r a t e .  

Due t o  t h e  c o n s i d e r a b l e  i n d i v i d u a l  v a r i a b i l i t y ,  however,  

o n l y  t h e  33- and 180-radlmin g roups  are s i g n i f i c a n t l y  d i f -  

f e r e n t  on t h i s  measure. The lowes t  EP p e r c e n t a g e  o f  50 shown 

f o r  t h e  A F R R I  g roup  is p r o b a b l y  not  comparable  i n  t h i s  r e g a r d  

because t h a t  f i g u r e  is n o t  t h e  mean of each  a n i m a l ' s  lowest 

BP (which data were n o t  a v a i l a b l e ) ,  b u t  r a t h e r  w a s  t h e  

g roup  mean a t  t h e  t h i r d  m i n u t e  p c s t i r r a d i a t i o n .  I n  a l l  

l i k e l i h o o d ,  t h e  AFRRI mean lowest BP p e r c e n t a g e  shown by 

i n d i v i d u a l  an ima l s  Bras  a t  least  as l o w  a s  o u r  180-rad/min 

group s i n c e  t h e  AFRRI monkeys r e c e i v e d  4000 r a d .  

The t i m e  o f  o b s e r v a t i o n  o f  t h e  l o w e s t  BP fo r  each  

an ima l  is a v e r a g e d  f o r  each group i n  Column 4 o f  T a b l e  7 .  - 
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T h i s  time p o s t i r r a d i a t i o n  i s  s i g n i f i c a n t l y  de l ayed  w i t h  

lowc-r dose r a t e .  The mean time r e q u i r e d  f o r  3P t o  f a l l  

f rom i t s :  initial drop t o  t h e  lowes t  p o i n t  is given  i n  

Column 5 (which i n  e f f e c t  is Column 4 minus Column 1). Thl 

BP f a l l  time was b r i e f e r  a s  dose rate w a s  h i g h e r ,  a s  was 

s u g g e s t e d  by t h e  s t e e p e r  s iopes  o f  t h e  c u r v e s  f o r  t h e  

h i g h e r  d o s e - r a t e  g roups  i n  F i g u r e  2 .  

The average number of minu tes  p o s t e x p o s u r e  b y  whict  

BP r e c o v e r e d  t o  a s tabie  l e v e l - - o r  i n  some cases,  t o  a peak 

l e v e l  f a l l o w e d  by a s l i g h t  d e c l i n e - - i s  p r e s e n t e d  i n  Column 

6 of T a b l e  7. A t r e n d  i s  i n d i c a t e d  f o r  t h e  time o f  r e c o v e r  

t o  o c c u r  l a t e r  as dose r a t e  w a s  lower, b u t  t h i s  is i n f l u e n c  

by t h e  d i sp lacemen t  i n  time of t h e  onset of h y p o t e n s i o n  and 

t h e  e n s u i n g  r e c o v e r y  c y c l e .  The BP p e r c e n t a g e s  t o  which t h  

s e v e r a l  g roups  r e c o v e r e d  a t  t h e  t i m e s  j u s t  n o t e d  i n  Column 

are g i v e n  i n  Coiumn 7. These  v a l u e s  are v e r y  s imi la r  a t  ap,  

p r o x i m a t e l y  80% o f  p r e r a d i a t i o n  b a s e l i n e  f o r  a l l  g r o u p s .  TI 

m i n u t e s  t o  r e c o v e r y  i n  Columii 8 r e f l e c t  the mean t i m e  betwei 

t h e  p o i n t  of  d e e p e s t  hypo tens ion  t o  t h e  p o i n t  o f  r e c o v e r y  ( 

s t a b i l i z a t i o n  ( i . e . ,  Column 6 minus Column 4 ) .  These  means 

are also ve ry  s i m i l a r .  

T h i s  a n a l y s i s  i n d i c a t e s  g e n e r a l l y  t h a t  t h e  p h a s i c  
- 

h y p o t e n s i v e  r e s p o n s e  occurred e a r l i e r ,  deve loped  more r a p i d 1  

and i ts  d e p t h  was more s e v e r e  as  a f u n c t i o n  o f  h i g h e r  dose- 
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r a t e  exposure .  The d u r a t i o n  of r e c o v e r y  d i d  n o t  va ry  much 

o v e r  g r o u p s ,  however,  as  t h e  time t o  BP s t a b i l i z a t i o n  e l a p s i n g  

from e i t h e r  t h e  o n s e t  (Column 1) or d e e p e s t  p o i n t  (Column 4 )  

t o  t h e  t i m e  of r e c o v e r y  (Column 6 )  w a s  between 18 and 22 min 

f o r  a l l  6 0 ~ 0  g r o u p s .  

Heart Rate 

Heart ra te  (HE;) i n c r e a s e d  af ter  8-9 min p o s t  f o r  t h e  

33-rad/min g r o u p ,  which r e p r e s e n t s  a somewhat d e l a y e d  r e s p o n s e  

r e l a t i v e  t o  t h e  h i g h e r  dose-rate g roups  based  on a comparison 

o f  t h e  c u r v e s  of F i g u r e  2. About t h e  same h i g h e r ,  s t a b l e  HR 

w a s  a c h i e v e d  by t h e  33-rad/min group as t h e  o t h e r  gnoups a t  

t h e  f i n a l  o b s e r v a t i o n s .  No o r d e r l y  r e l a t i o n s  between HR 

change  and d o s e  ra te  were n o t i c e a b l e  b e s i d e s  t h e  d e l a y e d  ap- 

pearance of  t a c h y c a r d i a  w i t h  lower  dose  rate,  which c o r r e s -  

ponds t o  t h e  d e l a y e d  o n s e t  of hypo tens ion  o b s e r v e d  w i t h  

lower d o s e  r a t e .  

Association Between BP and PD/ETI 

Every an imal  which showed s i g n i f i c a n t  e a r l y  PD/ETI 

l i k e w i s e  showed c o n c u r r e n t  h y p o t e n s i o n ,  i r r e s p e c t i v e  of dose- 

ra te  g roup .  

when p e n a l t y  score i n c r e a s e s  were first c l e a r l y  n o t i c e d  w a s  

36.89 ( s . d .  = 14.13) for t h e  18 a n i m a l s  showing PD/ETI for  

The mean p e r c e n t a g e  BP r e c o r d e d  d u r i n g  t h e  minu te  

- 
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which u s e a b l e  BP d a t a  were a v a i l a b l e  ( f o u r  and two BP r e c o r d s  

were m u s e a b l e  f o r  t h e  180- and 33-rsd/min g r o u p s ,  r e s p e c t i v e l y )  

I n  o ther  words,  84% ( the  p e r c e n t a g e  i n c l u d e d  by t h e  mean + I 
s . d .  i n  a normal d i s t r i b u t i o n )  of  t h e  PD a n i m a l s  had undergone 

d r o p s  i n  BP t o  51% or less of b a s e l i n e  (mean  + s . d .  = 3 6 . 8 9  

+ 1 4 . 1 3  = 51%) ,  a t  t h e  t i m e  o f  PD o n s e t .  I n  1 3  of  t h e  18 

cases t h e  n a d i r  of  hypo tens ion  p receded  t h e  o n s e t  of  PD by 

1-4 m i n ,  and i n  most cases, by 2 m i n .  I n  t h e  o t h e r  f i v e  

cases, t h e  lowes t  BP p o i n t  and PD o n s e t  o c c u r r e d  d u r i n g  t h e  

same m i n u t e .  I n  a l l  cases, t h e  BP had a l r e a d y  s t a r t e d  f a l -  

l i n g  a t  least  1 m i n  p r i o r  t o  t h e  i n i t i a l  p e n a l t y  s c o r e  i n -  

crease. 

A c h i  s q u a r e  2 x 2 con t ingency  a n a l y s i s  o f  t h e  a s s o -  

c i a t i o n  between d e p t h  o f  p o s t r a d i a t C o n  hypo tens ion  and PD/ETI 

w a s  c a r r i e d  o u t  and is p r e s e n t e d  i n  Table 8 .  The c h i - s q u a r e  

t e c h n i q u e  w a s  deemed a p p r o p r i a t e  because  o f  t h e  tendency  f o r  

r a d i a t i o n - i n d u c e d  PD/ETI t o  be  c a t e g o r i c a l l y  p r e s e n t  or ab- 

s e n t  r a t h e r  t h a n  v a r y i n g  c o n t i n u o u s l y  i n  degree from a b s e n t  

t o  ETI .2  

no decrement  canno t  be  i n t e r p r e t e d  a s  q u a n t i t a t i v e l y  des -  

c r i b i n g  t h e  q u a l i t a t i v e  goodness  of  t h e  u n a f f e c t e d  per form-  

ance. For t h i s  r e a s o n ,  t h e  c l a s s i f i c a t i o n  of s i g n i f i c a n t  PD 

when t h e  PD r a t i o  exceeded  3 . 0 ,  or when an ET1 o c c u r r e d ,  w a s  

F o r  example,  t h e  p e n a l t y  PD r a t i o s  a s s o c i a t e d  w i t h  
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TABLE 8 
x2 CONTINGENCY ANALYSES DETERMINING THE ASSOCIATION BETWEEN 

DEPTH 0% HYPOTENSION AND PREQUENCY OF PD/ETI 

w 
!& 

Ouadrant 
Layout at  
Groups 

S U M  MARY 

t P>.05c.10 *P<.01 
t P <  .05 ** Pc ,001 

PD Ratio 
e3  >3+ETI  

[7 
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a conven ien t  c r i t e r i o n  f o r  t h e  dichotomy r e q u i r e d  f o r  c o n t i n -  

gency a n a l y s i s .  

In  T a b l e  8 ,  s i x  f o u r - f o l d  Contingency a n a l y s e s  are  

p r e s e n t e d  t o  c h a r a c t e r i z e  t h e  BP-PD/ETI i n t e r d e p e n d e n c e .  A l l  

a n i m a l s  of t h e  f o u r  d o s e - r a t e  g roups  hav ing  u s e a b l e  BP d a t a  

(3  = 48) were i n c l u d e d .  The quadran t  l a y o u t  at  t h e  l e f t  

i n d i c a t e s  t h e  p o s i t i o n  of  t h e  r e s p e c t i v e  g roups  w i t h i n  each 

of  t h e  s i x  c o n t i n g e n c y  t a b l e s .  The f r equency  o f  monkeys i n  

each  group hav ing  PD r a t i o s  l e s s  t h a n  3 .0  v s  t h o s e  y i e l d i n g  

r a t i o s  greater t h a n  3 . 0  p l u s  t h o s e  which q u i t  (ETI) d u r i n g  

t h e  f i r s t  20-min p o s t e x p o s u r e  formed one  dichotomy.  The 

f r equency  e x h i b i t i n g  BP n a d i r s  d u r i n g  t h e  i n i t i a l  20 min 

which were g r e a t e r  v s  l e s s  t h a n  t h e  i n d i c a t e d  p e r c e n t a g e s  o f  

p r e r a d i a t i o n  b a s e l i n e  formed t h e  appos ing  dichotomy.  The 

sum o f  t h e  group f r e q u e n c i e s  is shown i n  t h e  c o n c e n t r i c  

box o f  each  q u a d r a n t .  The l a t t e r  sums were u s e d  f o r  t h e  

c h i - s q u a r e  a n a l y s e s .  The i n d i v i d u a l  group f r e q u e n c i e s  are 

p r e s e n t e d  f o r  i n f o r m a t i o n  o n l y .  

The summary  at  t h e  l e f t  i n  Tab le  8 g i v e s  t h e  c h i -  

s q u a r e  va lues  and  con t ingency  c o e f f i c i e n t s 4  f o r  t h e  s i x  

a n a l y s e s  [c = x 2 + (3  + 4. 
s t r e n g t h  of a s s o c i a t i o n  between PD/ETI and BP w a s  greatest  

(C = .51) when t h e  a n i m a l s  were-d ichotomized  a c c o r d i n g  t o  

I t  i s  e v i d e n t  t h a t  t h e  
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whether  o r  n o t  t h e  lowes t  p o s t e x p o s u r e  BP w a s  less t h a n  or 

e q u a l  t o  35% o f  h a s e l i n e .  The n e x t  s t r o n g e s t  a s s o c i a t i o n  

was f o r  t h e  dichotomy a t  40% BP ( C  - = .?14), w h i l e  a s l i g h t l y  

smaller - C o b t a i n e d  a t  30%. 

D i v i d i n g  t h e  a n i m a l s  a t  55% BP f a i l e d  t o  y i e l d  a 

s i g n i f i c a n t  x 2 . Only o n e  of t h e  18 a n i m a l s  showing s ign i -  

f i c a n t  PD ( e x c l u d i n g  t h o s e  w i t h o u t  BF d a t a )  e x h i b i t e d  e a r l y  

hypo tens ion  which,  a t  its n a d i r ,  w a s  above 55% o f  b a s e l i n e .  

Only 2 o f  t h e  18 l i k e w i s e  exceeded 45% b a s e l i n e  BP. These 

and o t h e r  s u c h  outcomes can b e  d e t e r m i n e d  from t h e  i n d i v i d u a l  

g roup  f r e q u e n c i e s  shown i n  t h e  c o r n e r s  of t h e  q u a d r a n t s  i n  

T a b l e  8. I t  is a p p a r e n t  t h a t  a c u t o f f  a t  50% BP and  below 

q u i c k l y  engages  t h e  PD r e s p o n d e r s .  N e v e r t h e l e s s  a sizeable 

p r o p o r t i o n  o f  s u b j e c t s  unde rgo ing  BP d r o p s  of 50% or more 

d i d  n o t  d e m o n s t r a t e  PDiETI ( 1 7 / 3 3  = 52%). 

L a t e r  E f f e c t s  

Some s i g n s  of performance impairment  became obv ious  

for s e v e r a l  of t h e  a n i m a l s  between 30 and 60 m i n  p o s t -  

e x p o s u r e .  These  cases i n v o l v e d  b o t h  a n i m a l s  who showed and 

d i d  n o t  show PD p r i o r  t o  30 min. The later decrements  were 

o b s e r v e d  for  two monkeys i n  t h e  33-rad!min g r o u p ,  and for 

t w o ,  four, and f o u r ,  r e s p e c t i v e l y ,  i n  t h e  50-, 75-, and  180- 

rad/min groups. 
- 

Such dec remen t s  were n o t  a s s o c i a t e d  w i t h  
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f u r t h e r  changes i n  BP,  however,  which had s t a b i l i z e d  

e a r l i e r .  Such second  or  de l ayed  dec remen t s  h a v e  been re- 

p o r t e d  b e f o r e ,  3 J 1 1  and seem most r e a d i l y  a s c r i b a b l e  t o  t h e  

motor  impairment and  d i s t r a c t i o n  a s s o c i a t e d  w i t h  c o n c u r r e n t  

emesis o r  r e t c h i n g  e p i s o d e s .  E m e s i s  h a s  been shown t o  

o c c u r  most r e g u l a r l y  i n  monkeys between 30 and 60 min  p o s t -  

e x p o s u r e  w i t h  X - r a d i a t i o n  i n  t h e  p r e s e n t  d o s e - r a t e  range. 6 

Our own m o n i t o r i n g  of t h e  a n i m a l s  a t  t h i s  time p e r i o d  v i a  

c l o s e d - c i r c u i t  t e l e v i s i o n  h a s  s u p p o r t e d  t h i s  c o n c l u s i o n .  

DISCUSSION 

The p r e s e n t  resul ts  e s t a b l i s h  t h e  e x i s t e n c e  of a 

s y s t e m a t i c  r e l a t i o n s h i p  between 6oCo exposure  dose  r a t e  and 

( a )  t h e  i n c i d e n c e  and s e v e r i t y  of  PD/ETI and ( b )  t h e  deve lop -  

ment o f  hypo tens ion .  With r e s p e c t  t o  t h e  g r a d a t i o n s  of PD 

p roduced ,  t h e  f o u r  dose rates a d m i n i s t e r e d  appeared  t o  en-  

compass r e a s o n a b l y  w e l l  t h e  e f f e c t i v e  r a n g e  o v e r  which d i f -  

f e r e n t i a l  PD e f fec ts  may be  d i s c e r n i b l e .  P r e v i o u s  r e l a t e d  

s t u d i e s  have employed o n l y  dose  rates o f  200 rad/min or 

greater and have r e p o r t e d  no d o s e - r a t e  e f f e c t ~ . ~ l ~ - ~  

The dose  ra te  model deve loped  from t h e  p r e s e n t  data 

( F i g .  1) impl i ed  a n e a r - z e r o  i n c i d e n c e  o f  PD/ETI a t  25 rad /min ,  

and p r e d i c t e d  a median e f f e c t i v e  dose r a t e  a t  about  94 r ad /min .  



An upward e x t r a p o l a t i o n  p r e d i c t s  t h a t  v i r t u a l l y  a l l  a n i m a l s  

would e x h i b i t  s i g n i f i c a n t  PD/ETI a t  approx ima te ly  350 rad /min ,  

I t  s h o u l d  be  r ecogn ized  tha t  p r e d i c t i o n s  such  as t h e  above 

are p r e d i c a t e d  upon t h e  u s e  o f  a complex per formance  t a s k  

and s e n s i t i v e  s c o r i n g  t e c h n i q u e ,  a s  were p r e s e n t l y  u t i l i z e d .  

O t h e r w i s e  h i g h e r  dose  ra te  estimates would be  p roposed  by 

a n a l o g y  t o  our  ear l ie r  f i n d i n g  t h a t  PD w a s  d e t e c t e d  by t h e  

p r e s e n t  methods a t  s u b s t a n t i a l l y  lower t o t a l  d o s e s  t h a n  had 

p r e v i o u s l y  been c o n s i d e r e d  e f f e c t i v e .  2 

The present r e s u l t s  f u r t h e r  s u p p o r t  t h e  p r e v i o u s l y  

e spoused  n o t i o n  o f  a minimum e f f e c t i v e ,  o r  t h r e s h o l d ,  cumu- 

l a t i v e  t o t a l  d o s e  f o r  t h e  e l i c i t a t i o n  o f  t h e  immediate  p o s t -  

i r r a d i a t i o n  syndrome. ',' 
lower  d o s e  ra te  g roups  a l l o w  t h e  c o n c l u s i o n  t h a t  t h e  t h r e s h -  

o l d  cumulative dose  of  6oCo is approx ima te ly  300 r a d  f o r  t h e  

h y p o t e n s i v e  r e s p o n s e ,  T h i s  f i g u r e  d e r i v e d  from t h e  c a l c u l a -  

t i o n  of e s t i m a t e d  midbody a b s o r b e d  d o s e  a t  t h e  t i m e  o f  t h e  

f i r s t  s i g n  of d e v e l o p i n g  hypo tens ion  p o s t e x p o s u r e .  Cons ider -  

i n g  t h a t  we might have i n c l u d e d  a r e s p o n s e  l a t e n c y  p r e c e d i n g  

t h e  v i s i b l e  change i n  BP i n  t h e  above c a l c u l a t i o n ,  t h e  t h r e s h -  

o l d  dose might be even lower .  Any r e sponse  l a t e n c y  would be 

o v e r l o o k e d  by t h e  p r e s e n t  method o f  a d m i n i s t e r i n g  t h e  expo- 

s u r e  beyond t h e  o n s e t  of  symptoms. 

The d a t a  now a v a i l a b l e  from our 

- 
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The t w o  h y p o t h e s i z e d  t h r e s h o l d s ,  f o r  t o t a l  dose  and 

dose  r a t e ,  a r e  proposed  t o  o p e r a t e  j o i n t l y .  That  i s ,  admin- 

i s t r a t i o n  o f  a s u p r a t h r e s h o l d  d o s e  ra te  ( e . g . ,  25+ rad /min )  

must be c o n t i n u e d  u n t i l  t h e  c u m u l a t i v e  m i n i m u m  (300+ r a d s )  

h a s  been a t t a i n e d ,  a c c o r d i n g  t o  t h e  p r e s e n t  i n t e r p r e t a t i o n  

of t h e  d a t a ,  T h i s  p r o p o s i t i o n ,  however,  mus t  await d i r e c t  

e m p i r i c a l  t e s t .  The p o t e n t i a l  impor t ance  f o r  t h e  f u l l  de- 

velopment of deep  hypo tens ion  and t h e  subsequen t  o c c u r r e n c e  

of PDIETI, of c o n t i n u i n g  t h e  e x p o s u r e  p a s t  t h e  300 r a d  

t h r e s h o l d ,  as  h a s  been o u r  p r o c e d u r e ,  is unknown, b u t  c o u l d  

be  r e a d i l y  de t e rmined  by l i m i t i n g  t o t a l  d o s e  below our 

s t a n d a r d  1000 r a d ,  Ear l ie r  we e s t i m a t e d  t h e  t o t a l  dose  

t h r e s h o l d  f o r  PD t o  b e  on t h e  o r d e r  of 500 rad.2 

The r e l a t i o n s  between d o s e  r a t e  and hypo tens ion  were 

s t r i k i n g l y  l a w f u l  among t h e  present g roups .  The f i r s t  s i g n s  

of BP d r o p  were s y s t e m a t i c a l l y  d e l a y e d  w i t h  lower dose  rate 

u n t i l  a p p r o x i m a t e l y  300+ r a d  had been abso rbed  ( c a l c u l a t e d  

d o s e ) .  The s l o p e  { r a t e  of f a l l )  of t h e  BP d r o p  was more 

g r a d u a l  as d o s e  rate was lower, and t h e  BP n a d i r  was s h a l l o w e r .  

The p r o g r e s s i v e l y  s h a l l o w e r  h y p o t e n s i v e  d i p s  may be e x p l a i n e d  

by s u p p o s i n g  t h a t  no t  o n l y  w a s  t h e  v a s c u l a r  r e s p o n s e  less 

p r e c i p i t o u s  as  t h e  r a d i a t i o n  i n s u l t  w a s  a d m i n i s t e r e d  more 

s l o w l y ,  b u t  also t h a t  any compensatory cardiovascular 
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a d j u s t m e n t s  r e s p o n d i n g  t o  c o u n t e r  t h e  d e v e l o p i n g  hypo tens ion  

would have more o p p o r t u n i t y  t o  o f f se t  i t .  U l t i m a t e l y ,  there- 

f o r e ,  a t  some s u f f i c i e n t l y  s low exposure  t h e  immediate, 

p h a s i c  hypo tens ion  d e s c r i b e d  h e r e  s h o u l d  n o t  be v i s i b l e .  

Only t h e  g r a d u a l ,  p r o g r e s s i v e  hypo tens ion  r e g u l a r l y  s e e n  a t  

a l a t e r  time ( e , g . ,  h o u r s ) p o s t i r r a d i a t i o n  i n  many s p e c i e s ,  

a t  E. v a r i e t y  of d o s e  ra tes ,  would b e  r e c o r d e d .  10 

Three  fo rms  o f  c o n n e c t i o n  were demonst ra ted  by t h e  

p r e s e n t  r e s u l t s  between p o s t i r r a d i a t i o n  hypo tens ion  and 

PD/ETI. F i r s t ,  211 monkeys showing PD/ETI demons t r a t ed  

some h y p o t e n s i o n .  The re  have  been no r e p o r t s  of r a d i a t i o n -  

i nduced  PDJETI i n  t h e  a b s e n c e  o f  hypo tens ion  from o t h e r  

l a b o r a t o r i e s .  Second,  a close t empora l  c o n t i n g u i t y  w a s  

n o t e d  between t h e  h y p o t e n s i v e  n a d i r  and t h e  o n s e t  o f  t h e  

PDJETI e p i s o d e  among t h o s e  monkeys e x h i b i t i n g  measu rab le  

impai rment .  

T h i r d ,  an i n c r e a s i n g  s t r e n g t h  o f  a s s o c i a t i o n  was r e v e a l e d  

between d e p t h  of hypo tens ion  and f r equency  o f  PD/ETI as  t h e  

n a d i r  of h y p o t e n s i o n  d e c l i n e d  below 50% of b a s e l i n e .  These  

a s s o c i a t i o n s ,  t empered  by t h e  o b s e r v a t i o n  t h a t  many hypo- 

t e n s i v e  a n i m a l s  d i d  not e x h i b i t  measurable  PE/ETI, l e a d  t o  

t h e  c o n c l u s i o n  t h a t  hypo tens ion  i s  a n e c e s s a r y  b u t  n o t  s u f -  

f i c i e n t  c o n d i t i o n  f o r  t h e  o c c u r r e n c e  of PD/ETI. 

T h i s  h a s  been a r e g u l a r l y  observed  c o i n c i d e n c e . l l  

- 
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I n  a c o n c u r r e n t  r e p o r t ,  we have emphasized t h e  ob- 

v i o u s  p o i n t  t h a t  " . . . h y p o t e n s i o n  c o n s t i t u t e s  o n l y  one  com- 

ponent  of a complex compos i t e  o f  c a r d i o v a s c u l a r  s e q u e l a e  t o  

e x p o s u r e .  '''' The r e c o r d i n g  Of o n l y  BP p r o v i d e s  v e r y  l i t t l e  

i n f o r m a t i o n  a s  t h e  s t a t u s  of t h e  numerous o t h e r  c i r c u l a t o r y  

v a r i a b l e s .  Immediate p o s t i r r a d i a t i o n  measurements of c a r d i a c  

o u t p u t  and  p e r i p e r a l  v a s c u l a r  r e s i s t a n c e  performed a l o n g  

w i t h  BP, i n  t h e  contemporaneous r e p o r t ,  were i n t e r p r e t e d  as 

s u p p o r t i n g  t h e  i n f e r e n c e  t h a t  a n  impa i red  c e r e b r a l  b l o o d  

s u p p l y  forms  t h e  p h y s i o l o g i c a l  b a s i s  f o r  t h e  PD/ETI phenomena 
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APPEND I X 



T a b l e  A - 1  

PENALTY WEIGHTS ASSIGNED FOR ERRORS AND OMISSIONS 
USED I N  CALCULATING THE PERFORMANCE PENALTY SCORE 

M a t c h  Error (ME): 

Match O m i s s i o n  (MO): 

Sample O m i s s i o n  ( S O ) :  

Run L e n g t h  P e n a l t y  W e i g h t s  

1 or 2 
3 
4 
5 

26 

1 each ME 
4 
9 

16 
11 each ME 

1 16 
2 2  25 each MO 

1 4 
2 25 
3 50  
4 75 
5 100 
6 ( =  Q u i t )  150 

Mixed (MXL: 25 e a c h  
o c c u r r e n c e  I 



TABLE A-2 
INITIAL 20-MIN POSTIRRADIATION PENALTY SCORING 

Monkey 684:  Exposure d o s e  = 1000 rad, rate = 179 rad/min, 
duration = 5 . 6  rnin, DMTS task, 4 match alternatives, 

5-sec  delay between sample and match 

Yioute Trial Sample Match Penalty Minute Trial Ssmple Match Penalty 

A 6  + ' 

f 

+ + + + 
+ + + + 
+ 

44 + 

+ + 
47 + + 

+ + + 
50 + + ~~ - + - 16 + 51 1 (ME) 

17 + - 4 (3 ME) 13 52 1 + 
5 18 + + 53 + + 

3 4  f 1 64 6 _- 
20 
2 1  
22 6 

23 

24 

25 
26 
27 
28 
29 

+ - 
+ - 
+ - 
so,.'. 
+ J YO 

so ' 
so 
so 
so 
so.., 

58 
4 (SO1 59 + 

25 i i x j  
16 (MO) 
25 ( M X )  

64 + + 
65 + + 
66 + + 

100 ( 5  SO) 17 67 + + 
25 fMX> /I 68 + 1 

18 70 + - 1 lYE> . ,..-.I 

PENALTY SUM - 267 

M: S m p l e  f - sample key press 
Simple so - no response to SLmple. omission (SO) 
Match + = Correct match choice 
YPtCh - = incorrect match choice. error (YE) 
Yateh YO - no response t o  match stimuli. omission (YO) 
YX - mixed: consecutive errors and omissions differing 

in type. s h o w  by dashed lines 

"Trlnl" indicates each sequential presentntion of both Sample and match 
stimuli. except where sample om~6sions occurred I n  which case "trial" 
indicates only that the s m p l e  IPS presented, a6 the match alternatives 
were not presented following L simple omission. Next to each penalty 
PSSlgnment in parenthesis Is the number 01 type(=) of error(=)  andlor 
omission(s) constituting the s c o w .  
~ ~ ~ = e * . e i g h ~ ~ n g i r s i g n n e n t s  1s I function o f  error8 and omissions. 

See Tahle-A-1 for the complete penalty 



TABLE A-3  

Monkey 8 5 4 :  Exposure d o s e  = 1000 r a d ,  r a t e  = 33.33 r a d / r n i n ,  
d u r a t i o n  = 30 m i n ,  DMTS t a s k ,  2 m a t c h  a l t e r n a t i v e s ,  

5-sec d e l a y  between sample and m a t c h  



TABLE A - 4  

Monkey 923: Exposure dose = 1000 r a d ,  r a t e  = 3 3 . 3 3  r a d / m i n ,  
d u r a t i o n  = 30 m i n ,  DbITS t a s k ,  2 ma tch  a l t e r n a t i v e s ,  

10-sec d e l a y  b e t w e e n  sample and m a t c h  

Penalty SUms ZOr 2O-ldin Blocks 
0-20 m i n  = 9.41. 20-40 m i n  - lO.00** 40-60 m i n  - 34.14. 
10-30 mia - 8.23,  30-50 rain = 35.2R.c ~~ ~~ ~~~~ 

lasf data, P e n a l t y  sums e x t r ' a p l a t e d  from available minutes. 
** E v e r i m e n t e r  break, p e n a l t y  sums e x t r a p o l a t e d  from ar*ilable 

minutes.  
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TABLE A-5 

Monkey 8 7 7 :  E x p o s u r e  dose  = 1000 rad, rate = 33.33 rad/min, 
duration = 30 min, DMT3 task, 2 match alternatives, 

10-sec delay between sample and match 

P e n a l t y  Sums for 20-Mi0 Blocks 
0-20 min = 7 20-40 m i n  = i s  40-60 min = 21 

*Experimenter break, penalty sums extrapolated from available 
10-30 m i n  - 13 30-50 m i "  - 14.69. 

minutes. 

50 



' I  

' 1  
'T 

TABLE A - 6  

Monkey 898:  Exposure  d o s e  = 1000 r a d ,  r a t e  = 33.33 r a d / m i n ,  
d u r a t i o n  = 33 m i n ,  DMTS t a s k ,  2 m a t c h  a l t e r n a t i v e s ,  

10-sec d e l a y  b e t w e e n  sample a n d  match  

01 m w 
4 4  c r ( n s  
d a  'J : g ;  + - 3 c  " a 0  

- 6 9  
Yin. 2 $ Penalty Mi". c ' (o 5 2 Penalty Pin. 2 (o Penalty 

35 + t 54 138 + + 
36 + + 32 88 + + 139 + + 

13 37 - 1 iMX) 4 MIN. BREAK 140 + + 
89 + - 1 (KE) 55 141 + + 38 + + 

39 + + 90 t + 142 + + 
14 40 + + 37 91 + + 143 + + 

41 + + P 56 144 + + 

15 43 + + 94 + + 146 + + 
44 + t 95 + + , 57 147 + + 

16 45 + + 39 96 + + 148 + t 
46 + + 97 + + 149 + - 1 (l5) 
47 + + 98 i + 58 150 + + 

17 48 + + 40 99 + + 151 + - 1 (ME) 
49 + + LOO + + 152 + + 
50 + + 101 + + 59 153 + + 

18 51 + + 41 102 + + 154 + + 
52 + +  103 + + 60 155 + + 

- .  

42 + - 1 CUE) 38 93 + + P 

Pemalty Sums for 20-Kin Block6 - 
0-20 m m  = 3 20-40 mim = 8.75* 40-60 m i n  = 8 

'Experimenter break. penalty sums extrapolated from available 
10-30 min = 8 30-50 min * 9* 

minutes. -: 
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TABLE A - 7  

Monkey 834: Exposure dose = 1000 rad, rate = 33.33 r a d / m i n ,  
duration = 30 m i n ,  DMTS task, 2 match  alternatives, 

10-sec delay between sample and m a t c h  

1 + - 1 (ME) 
2 +  + 

1 3 c  - 1 ( W )  
4 +  + 
5 +  + 
6 +  - 1 (ME) 

2 7 +  t 
8 +  + 

3 9 +  + 
10 + + 
11 + + 

4 12 + t 
13 + - 1 (LIE) 
14 + + 
15 + + 

5 1 6 +  + 
17 + + 
18 + + 

6 1 9 +  + 
20 + - 1 (ME) 

7 2 1 +  + 
22 + + 

8 23 + - 1 (ME) 
24 + + 
25 + + 
26 + + 

9 2 7 +  + 
28 + - 1 (ME) 
29 + + 

10 30 + - 1 (LIE) 
31 + + 

11 32 + - 1 (ME) 
33 + + 
34 + + 

12 35 + + 
36 + + 

13 37 i + 
38 + + 
39 + + 

14 40 + + 
41 + t 
42 + + 

15 43 + - 1 (ME) 
44 + + 

16 45 + + 
46 + + 
47 + + 
48  + - 1 (ME) 

17 49 + + 
50 + - 1 (ME) 
51 + + 

16 52 + + 
53 + + 

m 
4 - E  
r( 

uin. * v) ; Penalty 
54 + + 

19 55 + + 
56 + t 
57 + + 

20 58 + + 
59 + + 
60 + + 

21 61 + + 
62 + - l ( 6 )  
63 + + 

22 64 + + 
65 + + 
66 + + 

23 67 + + 
68 + + 

24 69 + - 1 (6) 
70 + - 1 (ME) 
71 + + 

73 + + 
74 + + 

26 75 + + 
76 + + 
77 + - 1 (ME) 

27 78 + + 
79 + + 

25 72 + - 1 (ME) 

J 
enalty Sums for 20-Min Blocks 

20-40 m i o  - 161 

DI 
d r t f  

2 E : :  
Min. $ Fenalty 

106 + + 
107 + + 

42 108 + - 1 (ME) 
109 + + 

43 110 + + 
111 + + 

44 112 + + 
113 + + 
114 + t 

45 115 + - 1 (ME) 
116 + - 1 (ME) 
117 + + 

46 118 + - 1 (ME) 
119 + + 
120 + + 

47 121 t + 
122 + + 
123 + + 

48 124 + + 
125 + + 
126 + - 1 (ME) 

49 127 + - 1 (ME) 
128 + + 
129 + + 

50 130 + + 
131 + + 
132 + + 

51 133 + + 
134 + + 

52 135 + - 1 (ME) 
136 + + 
137 + + 

53 138 + + 
139 + - 1 (LIE) ~~ 

140 + + 
54 141 + - 1 (ME) 

142 + - 1 (ME) 
143 + + 
144 + t 

55 145 + - 1 (ME) 
146 + + 
147 + - 1 (LIE) 

56 148 + + 
149 i f 

57 150 + + 
151 + + 
152 + + 

58 153 + - 1 (ME) 
. C A  * I*1 . . 
155 i - 1 (ME) 

59 156 + - 1 (ME) 
157 + + 
I58 + + -. . 

60 159 + + 

40-60 m i n  - 15 0-20 min - 14 ~~ ~~ 

10-30 o l n  - 12 30-50 m i o  -12.21* 
*Experimenter break. penalty sums extrapolated from available 
minutes. 
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TABLE A-8 

Monkey 804: Exposure  dose = 1000 r ad ,  r a t e  = 3 3 . 3 3  r a d / m i n ,  
duration = 30 min, DMTS task, 2 match alternatives, 

10-sec delay between sample and match 

m 
- . A S  m m 
“ I a u  
4 “ I a  u 

i d  c 4 4 s  
“I 
4 2 :  k 5 2  d 

Min. f- Penalty Min. C 2 5 Penalty Min. e PEnslty 

1 +  + 19 49 + - 1 ( M E )  96 + + 
2 + - 1 (&E) 50 + + 43 97 + + 

51 + + 98 + - 1 (ME) 
99 + + 

5 +  + 44 100 + - 1 (ME) 
2 6 +  + 101 + + 

7 + - 1 (ME) 102 + + 
8 f  + , 45 103 + + 

3 9 +  + 104 . + + 
10 + + 46 105 + + 

4 1 1 +  + 23 59 + + 106 + - 1 (LIE) 
12 + + 107 + + 
13 + - 1 (ME) 47 108 + + 

5 1 4 +  + 109 + + 
15 + + 48 110 + + 

6 1 6 +  + 64 + + 111 + + 

18 + + 49 113 + + 
7 1 9 +  + 26 67 + + 114 + + 

20 + + 68 + + 50 115 + + 
8 21 + - 1 ( & E L  27 69 + - 1 ( b E )  116 + + 

22 + + 70 + + 117 + + 

: 112 + + 

- 

9 2 3 +  + 71 + + 51 118 SO 4 (SO) 
24 + - 1 (ME) 28 72 + + 119 + + 
25 + - 1 (ME) 73 + t 120 + + 

10 26 + + 74 + - 1 (ME) 121 + + 

28 + + 76 + + 123 + - 1 ( M E )  
P 29 75 + - 1 (LIE) 52 122 + + 

11 29 + + 77 + - 1 (a) 5‘- 124 + + 
30 + + 125 + + 
31 + + 126 + + 

12 32 + + 80 + + 54 127 + - 
33 + + 31 81 + + .:128 + - 

13 34 + + 6 MIN. BREAK 129 + - 4 (3 ME) 
35 + + 82 + - 55 130 + + 
36 + + 83 + + 

14 37 + + 38 84 + - 1 (WE) 132 + + 
38 + + 85 + + 56 133 + + 

15 39 + + - 86 + - 1 (ME) 134 + + 
40 + + 39 87 + + 57 135 + + 

16 41 + - 1 (LIE) 88 + + 136 + + 
42 + + 89 + + 137 + + 

17 44 + + 91 t c 139 t + p 41 92 + - 1 (ME) 140 + + 
18 46 + + 93 + - 1 (ME) 59 141 + + . 94 + + 142 + + 

43 + + 40 90 + - 1 (ME) 58 138 + - 1 ( M E )  

48 + - 1 (ME) 42 95 + + 60 143 + - 1 (ME) 
__ 

Penalty Sums for 20-Min Blocks 
0-20 min - 12.33 20-40 min - 16.71. 40-60 min = 17 

*Experimenter break, penalty sums extrapolated from available 
10-30 min = 13 30-50 mln = 11.69* 

minutes. 



TABLE A-9 

hlonkey 8 4 9 :  Exposure dose = 1000 rad, r a t e  = 33.33 r a d / m i n ,  
duration = 30 min, DMTS t a s k ,  2 match alternatives, 

10-sec delay between sample and match 

4J 
4 . .  E 
b a  0 2 ;  2 

Mio. Penalty 

1 +  + 
2 +  + 

1 3 +  + 
4 +  + 
5 4  + 

2 6 +  + 

3 8 +  + 

10 + + 
4 1 1 +  + 

12 + + 
5 1 3 +  + 

14 + + 
6 15 + - 1 (ME1 

16 + + 
17 + + 

7 1 8 +  + 

20 + + 
8 2 1 +  + 

22 + + 
9 23 + - 1 (ME) 

24 + + 

7 + - 1 (LIE) 

9 + - 1 (LIE) 

19 + - 1 (la) 

25 + + 
10 26 + + 

27 + + _ .  
11 28 + + 

29 + + 
30 + + 

12 31 + + 
32 + + 
33 + t 

13 34 + + 
35 + + 

14 36 + + 
37 + + 

15 39 + + 
38 + - 1 (LIE) 

4n + + .. 
16 41 + t 

42 + + 
43 + - 1 (W) 

17 44 + - 1 (LIE1 
A 6  + + .- 

I8 46 + + 
47 + + 
48 + - I (LIE) 

52 + + 

54 + 
55 + 

57 + + 
58 + + 

60 + - 
62 + + 

65 + 
66 + 

72 + 
29 73 + 

74 + + 

78 + 

80 + + 
81 + - 1 (ME) 

x 3  + + 1 41 84 + + I 
85 + + 

42 86 + - 
87 + - 
RR + - 

96 + + 
46 97 + +  

PR + + _ _  
99 + + 

47 100 + - 1 (ME) 
101 + + 
102 + - 1 (ME) 

4E 103 + + 
104 + + 

106 + I60 16 (W) 
25 (M..) 

25 (MX) 
107 so 4 (SO) 

109 + + 
50 108 + - 1 (LIE) 

110 + + 
51 111 + + 

112 so 4 (SO? 
52 113 + + 

114 + - 1 (E! 

110 + + 
51 111 + + 

112 so 4 (SO? 
52 113 + + 

114 + - 1 <E! 
2 5  (MX) 

25 (MX) 
116 + 110 16 (MO) 

25 (MX) 

115 SO 4 (SO) 
2 5 .  (MX) 

25 (MX) 
116 + 110 16 (MO) 

25 (MX) 

115 SO 4 (SO) 

53 11 7 + - l- i i~). 
118 + + 

54 119 + - 1 <!a! 
120 + - 1 ( 

25 (Mi) 
'. 121 + MO 16 (YO) 
55 122 + + 

123 + + 
56 124 + + 

125 + + 
57 126 + + 

127 + - 1 (ME) 
25 (MX) 

128 SO 4 (SO) 
129 + + 

58 130 + + 
131 + + 

60 134 

40-60 min = 286 
Penalty Sums for 20-Min Blocks 

0-20 min = 9 20-40 min = 16.92- 
10-30 min - 14 30-50 m i "  = 172.308 

*Experimenter break, penalty sums extrapolated from available 
blocks. 

I 
i 
i 
i 

I 
i 
1 
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TABLE A-10 

Monkey 868: E x p o s u r e  d o s e  = 1000 r a d ,  r a t e  = 33.33 r a d / i n i n  
d u r a t i o n  = 30 m i n ,  DMTS t a s k ,  2 m a t c h  a l t e r n a t i v e s ,  

10-sec d e l a y  between s a m p l e  a n d  ma tch  

w a? 
r ( r (  .c 4 -  c 

. d a  0 

P e n a l t y  Min. ," 2 P e n a l t y  

1 +  + 
1 2 +  + 

? +  + - 
4 +  + 

6 +  + 
7 +  + 

3 8 +  + 
9 +  + 

1 0  + + 
4 1 1 +  + 

12 + + 
5 1 3 +  + 

14 + - 1 (ME) 
15  + + 

17 + + 
18 + + 

7 1 9 +  + 
20 + - 1 (W) 
21  + + 

8 2 2 +  + 
23 + + 

9 2 4 +  + 
25 + - 1 (LIE) 
26 + + 

10 27 + - 1 (ME) 
28 + + 
29 + + 

31 + - 1 :ME; 
32 + + 

12 33 + - 1 (ME) 
34 + + 
35 + + 

2 5 so 4 (SO) 

6 1 6 +  + - 

11 3 0 + - 1 L I E  

1 3  36 + - 1 (ME) 
37 + + 

14 38 + + 
39 + + 
40 + + 

15 4 1  + + 
42 + - 1 (ME) 
43 + + 

16 44 + + 
4 5  + + . 17 46 + + 
47 + - 1 (ME) 
48 + + 

18 49 + + 
50 + + 
51 + - 1 (ME) 

19 52 + + 
53 + + 
54 + t 

20 55 + + 
56 + + 

I 21  57 + + 
58 + + 
59 + + 

22 60 + + 
6 1  + + 

23 62 + + 
6 3  + + 
64 + + 

24 65 + - 1 (ME) 
66 + + 

25 67 + + 
68 t + 
69 + + 

P e n a l t y  Sums for 2O-Mln Blocks 
~~ 

0-20 m i l l  = 15 10-30 min = 11 

72  t + 
27 73 + + 

74 + + 
28 75 + + 

76 + + 
77 + + 

29 78 + - i (ME) 
79 + + 
80 + - i (ME) 

30 81 + - 1 (LIE) 
82 + + 

31 83 + - 1 (LIE) 
84 + + 
85 + - 1 (LIE) 

32 86 + - 1 (m)  
87 + + 
88 so 4 (SO) 

25 (Sac) 
89 + - 

33 90 + - 

34 92 + + 
93 + - 1 (MEj 
94 + + 

35 95 + + 
96 SO 
97 so 

', 98 so 
99 so 

100 so 

91 + - 4 ( 3  ME) 

36 101 SO 150 6 SO) 
Lit 
D i d  not 
Resume 

20-40 m i n  = 191 Quit 
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TABLE A-11 
Monkey 906: Exposure dose = 66.7 rad, rate = 33.3 rad/min, 

duration = 20 min, DMTS task, 2 match alternatives, 
10-sec delay between sample and match 

0 0 - 2  ci * * 3  * 
Penalty Kin. Penalty !din. 2 Penalty 

+ - 1 (ME) 

59 164-L.~:- 

Penalty Sums f o r  20-Mi" Blacks 

*Experimenter break ,  penalty sum5 extrapo la ted  from as'ai lable  

20-40 m i n  = 20.77' 40-60 min = 31 0-20 mio = 15 
10-30 m i n  = 13.33. 30-50 min = 35 

rmlUlte$. 

~ 
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TABLE A-12 

Monkey 820:  Exposure dose = 1000 r a d ,  rate = 33.33 rad/min, 
d u r a t i o n  = 30 m i n ,  DMTS task, 2 match a l t e r n a t i v e s ,  

10-sec d e l a y  between sample and match 

23 + + 

25 + + 
26 + + 

9 2 7 +  + 
28 + + 

10 29 + - 1 (YE) 
30 + - 1 ( Y E )  

8 24 + - 1 (YE) . 

31 + + 

77 + + 
27 78 + - 1 ( Y E )  

73 + + 
80 + - 

28 81 + - 
82 + - 
83 + - 9 ( 4  Y E )  
84 + + 

29 85 + + 

42 io8 + - 1 ( Y E )  

43 111 + - 1 ( Y E )  
112 + - 1 (&E) 

109 + + 
110 + + 

113 + + 
44 114 t - 1 (m) 

115 + - 1 (LIE) 
116 + + 

45 117 t t 
118 + + 
119 + + 

46 120 + + 
121 + - 
122 + - 
124 + + 
125 + + 

48 126 + + 
127 + + 
128 + + 

49 129 t - 
130 + - 

50 131 + - 4 (3 ME) 
132 + + 
133 + + 

5 1  134 + + 
135 + + 
136 + + 

52 137 + - 1 ( Y E )  
138 + - 1 ( Y E )  
139 + + 

53 140 + + 
141 + - 
142 + - 

54 143 + - 4 (3 Y E )  
c 144 + + 

55 145 + + 
146 + - 
147 + - 

149 t t 

57 151 + - 
152 + - 
153 - 4 (3 Y E )  

56 154 + + 
155 + + 

47 123 + - 4 (3 Y E )  

56 148 + - 4 (3 ME1 

150 + + 
-. 

34 + + 
12 35 + + 

36 + + 
37 + + 

13 38 + +  
39 + + 
40 + + 
41 + + 
42 + + 
44 + + 
45 + c 

47 + + 
48 + + 

17 49 t + 
50 + + 

- 

14 

15 43 + - 1 (ME) - 

16 46 + - 1 (LIE) 

156 + + 
59 157 + + 

158 + + 
159 + - 1 (YE) 

60 160 + - 1 (ME) 

30 88 + + 
89 + + 
30 + + 
91 + + 

31 92 + + 
6 MIN. BREAK 
53 + + 
94 - 1 ( Y E )  

38 95 t + 
56 + - 1 (ME) 
97 * + 
98 + - 1 (LIE) 

39 99 + +  
100 + + 
101 + - 

40 lo2 + - 
103 + - 4 ( 3  LIEI 

Pena l ty  Sums for 2O-Yio Block- 
0-20 m i l l  27 20-40 min - 30.86, 
10-30 m i o  = 26 30-50 m i n  - 29.23. 40-60 min = 30.33 

*h'xperlmeDter break,  penalty sums e x t r a p n l i t e d  from availnbie 
minutes. 
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TABLE A-13 

Monkey 821: Exposure dose = 840 rad, rate = 3 3 . 3 3  rad/min, 
duration = 25 min, DMTS task, 2 match alternatives, 

10-sec delay between sample and match 

1 + +  
2 + +  

1 3 + +  
4 t t  

2 5 + +  

7 + +  
3 8 + +  

9 + +  
10 + + 

12 + + 

6 + -  1 (YE)  

4 11 + - 1 (ME) 
.~ 
13 + + 

5 1 4 t t  
15 + + 

6 1 6 + -  
17 + - 
T8 + - 

7 19 + - 9 1 4 Y E j  
20 + + 

30 + 
31 + + 

33 + + 
34 + + 
35 + + 

13 36 + + 

+ +  

38 + - 1 (ME) 
1 4  39 + + 

40 + ~ 1 (ME1 
41 + + 

15 42 + + 
43 + + ~~ 

44 + 1. 
16 45 + + 

46 t i 

u 
- * E  

k d d  
2 2 0  

Yio. 6 a Penalty 

19 54 + + 
55 + + 
57 + + 

20 56 + . 1 (E) 

58 + + i 
21 59 + + 

60 + - 1 (Zi) 
61 + + 

22 62 + + 

formance) deleted 
due t o  noise  in 

78 + + 
28 79 + + 

room. 

29 82 + - 
83 + - 4 ( 2 Y E )  
84 + + 
E5 + + 

30 86 + + 
6 HIN BREAK 
87 + + 
E8 t + 
89 + + 

37 90 + + 
51 + - 1 (ME) 
92 + + 

38 93 + - 1 (ME) 
94 A * 
55 t i 

96 + + 
39 97 + + 

98 + + 
99 + + 

101 * + 

. 

40 100 + - 1 (ME) 

102 * ~ 1 (WE) 
1 1  I(#:; ~ ~- 

1n.i - . : ,:IS) 
105 i . 

42 106 + + 
107 + + 

43 108 + - 1 (ME) 

109 + + 
110 + - 1 (m) 
111 + - 1 (E) 

4 4  iia + + 
113 + + 
114 + + 

117 + + 
46 118 + - 1 YE 

113 + - 1 :YE)) 
120 + + 

47 121 + + 
122 + + 
123 + - 1 (E) 

48 124 + - 1 (E) 
125 + + 
126 + + 

128 + + 
123 + + 

50 130 + - 1 (La) 
131 + + 
132 + + 

51 133 + - 
134 + - 
135 + - 4 (3 ME) 

52 136 + + 
137 + - 1 (UE) 
138 + + 

53 139 * + 
140 I - 1 (ME) 

49 127 + - 1 (YE) 

141 + - 1 (ME) 
54 142 + + 

143 + + 
144 + - 1 (E) 

55 145 t + 
146 f - 1 (ME) 

56 147 + + 
148 + ~ 1fMC) 
149 + + 

57 150 + - 1 (ME) 
151 + + 
152 + - 1 (ME) 
155 + - 1 (ME) 

1:j . - 1 (VZ) 
58 151 + + 

0-20 mLn = 23 
10-30 mi" = i8 89' 

Penalty Sums for 20-Mi" B l o c k s  
20-40 min = 16.87*' 40-60 mln = 28 
30-50 m l n  = 21.43,' 

* Lsst ddra, pcr ia l ty  sums e x r r a p l a t e d  from P v s i l a h l e  minuL*s.  
**  Experimenter break. p e n a l t y  sum9 extrapolated from avallvble 

m>n' l tes .  
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TABLE A-14 

d u r a t i o n  = 30 min, DMTS t a s k ,  2 match a l t e r n a t i v e s ,  
10-sec d e l a y  between sample and match 

Monkey 915:  Exposure dose = 1000 r a d ,  r a t e  = 33.33  r a d / t n i n ,  

111 m 
- m . c  - 3 s  'u 

0 ti d Q U  
Ir (i * d d  

: P  e, 

3 c  L. 

'4 E c 
Min. 2 Z Penalty Min. c u) a Penalty M i n .  

v) I Penalty 

43 + + 44 84 + - 1 m  1 +  + 
2 +  + 16 44 + + 

1 3 + - 1 (ME) 
4 +  + 17 46 + + 

47 + + 5 +  + 
48 + + 2 6 + - 1 (ME) 

7 +  + 18 49 + + 
8 +  + 

3 9 +  + 
10 + - 19 52 + + 

13 + + - 5 14 t - 1 (ME) 

86 + + 
45 87 + + 

88 + + 
89 + + 

46 90 + - 1 ( M E )  

51 + + 47 92 + + 
93 + + 
94 + - 

. 48 95 + + 
96 + - 

98 * - 4 (3 ME) 
99 + + 

. 50 100 + + 
51 102 + + 

5 0  + - 1 (ME) 91 + + 

1 (m) 4 1 1 +  + 53 + + - 20 54 + + 

56 + + 49 97 + - 
15 + - 1 ( m )  21 87 + + 

6 1 6 t  + 58 + + - 22 59 + - 
7 I S +  + El + - - 64 + + 

10 27 + + 89 + + - 
55 + + 

101 + - 1 (ME) 60 + - l a  t + 

8 21 + - 1 103 + - 1 (ME) 
52 104 + + 

105 + + 
106 + + - 53 107 t + 

54 109 + + 
110 + + 

55 112 + + 29 + - 
113 + + 

32 + - 9 (4id~) v 74 + + 5 6 .  114 + + 
31 + - 

115 + + 
116 + - 

51 117 + - 34 + - 1 (rn) 76 + + 
118 + - 

79 + - 1 ( M E )  58 120 + + 
37 + + 

81 + 7 59 123 + + 
124 + + 

60 125 + - 83 + + 

-23 62 + - 9 ( 4  ME) 
E3 + + 

23 + + 24 65 + + 9 2 4 s  r - 25 67 + + 26 + + 

(ME) - 
88 + 7 

. 26 70 + + 111 + + 71 + +- 
11 30 + - 27 72 + + 

12 33 + + - 28 75 + - 1 (ME) 

35 + + . 29 77 + + 

39 + - 1 (ME) 

119 + - 9 (4 LIE) 

121 + - 1 (ME) 

13 36 + + 78 v 

15 41 + + 82 + + 

14 38 + + 30 EO + + 
13 MIN. BREAK 122 + + 40 + + 

42 + + 
1 (m)  

Penalty Sums for ~ O - M ~ "  Blocks 
20-40 min = 248 
30-50 min = 20* 

'Experimenter break. Penalty sums extrapoiated from available 

40-60 mi" = 23.53* 0-20 min = 19 
10-30 m i n  = 25 

minutes. - 
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TABLE A - 1 5  

Monkey 881: E..;posure dose = l C l O 0  r a d ,  r a t e  33. 33 rad /min ,  
d u r a t i o n  = 30 min,  DMTS t a s k ,  2 matc.h a l t e r n a t i v e s ,  

10-sec d e l a y  between sample and match 

I +  + 
z +  + 

Penalty Sums f o r  ZO--Min Blocks 
40-60 m i n  = 23 0-20 min = 23 20-40 m i n  = 16.50- 

10-30 m i n  = 17 30-50 m i n  = 22.50* 
*Experimenter break. p e n a l t y  sums extrapolated from available 
minutes.  
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TABLE A-16 

Monkey 860: Exposure dose = 1000 rad, rate = 33.33 rad/min, 
duratiun = 30 rnin, DRI'J'S t a s k ,  2 m a t c h  alternatives, 

10-sec delay between sample and match 

1 + - 1 (ME) 
2 +  + 

1 3 +  - 1 ( M E )  
4 + - 1 ( Y E )  
5 +  + 
6 +  + 

2 7 +  + 
8 +  + 

3 9 +  + 

11 + t 
4 12  + + 

1 3  + - 1 (ME) 
5 1 4 +  + 

15 + + 

1 0  + - 1 (ME) 

6 1 6 +  + 
17 + + 
18 + - 1 (ME) 

7 1 9 +  + 
20  + - 
2 1  + - 
22  + - 4 ( 3  LIE: 

8 2 3 +  + 
24 + + 

9 2 5 +  + 
26 t + 
27 + + 

10 28 + + 
29 + - 1 (LIE) . .  
30 + + 

11 3 1  + + 
32 + + 

12  3 3  + + 
34 + t 
35 + + 

37 + + 
38 + + 

13 36 + - 1 (ME) 

14  39 + - 1 (LIE) 
25 (Mx) 

4 0  SO 4 (SO) *, + + i z  so 
15 4 3  SO 25 ( 2  

44 t + 
45 so 
46  + - 1 (LIE) 

;5's"& 

2 5  (YX) 
16  47  + YO 16  (YO) 

25 (Ibx) 
4 8  + - 1 (ME) 

- 
49 t t 

17 50 SO 4 (SO) 
51 + + 
52 SO 4 ( S O )  

1 8  53 + t 
54 so 4 (SO) 

55 + - "1"LY) 
56 t + 

19 57 + + 
58 + + 

20 59 + KO 16 (MO) 
60 + + 

2 1  6 1  + - 1 (ME) 
62 + + 
63 + + 

22 64 + i 
65 + + 
66 + + 

23 67 + - 1 (ME) 
68 + - 1 (ME) 
69 + + 

24 70 + + 
71 + + 
72 + + 

25 73 + - 1 (ME) 
25 (Mx) 

74 + MO 16 (MO) 
25 (Mx) 

25 (MX) 
76 + MO 16 (MO) 

25 (Mx) 
77 + - 1 ( Y E )  

27 78 + - 1 (ME) 
25 (MX) 

79 + KO 16 (MO) 
28 8 0  + + 

8 1  + + 
82 + + 

29 83 + - 1 (ME) 
84 + - 1 (ME) 
85 + + 

30 86 + + 
6 YIN. BREAK 
87 + t 
88 + + 

37 89  + t 
90 + - 1 (ME) 

38 91 + - 1 (LIE) 
92 + + 
9 3  + + 

26 75 + - 1 (LIE) 

P e n a l t y  Sums for 2O-Yin Block8 
0-20 min - 218 20-40 m i n  - 264.2P* 40-60 mio - 1 7  

10-30 min = 390 30-50 min = 15.71* 
*Experimenter break, p e n a l t y  sums e x t r a p o l a t e d  from w a i l a b l e  
minu tes .  - 
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TABLE A-17 

hlonkey 921: Exposure dose = 1000 r a d ,  r a t e  = 50 r a d / m i n ,  
duration = 20 min ,  DMTS t a s k ,  2 match a l t e r n a t i v e s ,  

10-sec d e l a y  between sample and match 

- 1 (rn) 59 
11 + t 22 6 0 + - 1 M E  
12 t + 7 MIN. BREAK 

+ +  A +  

62 + + 

71 

26 + + 
27 + + 

10 28 + + 76 + - 
79 + + 

32 + + 36 80 + + I 
12 33 + - 1 (ME) 81 + - 1 (E) 

34 + + 82 + - 1 (E) I 
35 + + 37 83 + + 

13 36 + + 84 + + 
37 + + 85 t - 

14 38 + - 1 (UE) 38 88 + - 
39 + 4 87 + - 4 (3  ME) 
40 + + 88 + + 

15 41 + t 39 89 + + 
42 + t 
43 - 91 + - 1 (ME) 
44 + t 40 92 + + 
45 + + 93 + + 

17 46 + - - 94 + + 
47 + - 41 95 + + 
48 t - 4 ( 3  96 + + 

18 49 + t 42 97 + + 

90 + - 1 (YE) 
. 

. 

98 + + 
99 + + 

43 100 + + 
101 c + 

44 102 + + 
103 + + 
104 + + 

45  105 + + 
106 + - 1 (ME) 
107 t + 

46 108 + - 
109 + - 
Iii + - 4 ( 3  ME) 

47 111 + + 
112 + - 
113 + - 

48 114 + - -  
115 + - 9 (‘I ME) 
116 + + 

118 + + 
119 t - 1 (a) 

50 120 + + 
121 + + 

51 122 + + 
123 + + 
124 + + 

52 125 + + 
126 + + 

53 127 + - 1 (HE) 
128 + + 
129 + + 

54 130 + + 
131 + + 

55 132 + + 
133 + + 
134 + - 1 (ME) 

56 135 + + 
136 + + 
137 1- + 

57 138 + + 
139 t + 

58 140 + t 
i41 + + 
i42 + + 

59 143 + + 
144 + + 

60 145  + - 1 (ME) 

49 117 + - 1 (ME) 

Penalty Sums for IQ-Min Blocks 
0-20 min = 15 20-40 min --34.36* 
10-30 min 5 15.83 30-50 min - 37 

*Experimenter break. penalty Sums extrapolated from available 
minutes. 

40-60 min = 19 

62 



M 
TAli1.E A-1~6 

key 864: Exposure  d o s e  = 1000 r d ,  r a t e  = 50 r a d / m i n ,  
d u r a t i o n  = 20 rn in ,  DMTS t a s k ,  2 match a l t e r n a t i v e s ,  

10-sec d e l a y  between sample and m a t c h  

1 + - 1 (ME) 18 50 + - 1 (ME) 
2 + - 1 (E) 51 + + 

1 3 + +  52 + + 
4 + +  19 53 + - 
5 t f  54 t - 

2 6 + +  55 + - 4 ( 3  ME) 
7 + +  20 56 + + 

3 8 t t  57 + f 

9 + +  58 + + 
10 + - 1 !E) 21 59 + + 

12 + t 60 + + 
13 + - 1 (ME) 61 + - 1 (ME) 

5 1 4 + +  62 + - 1 (ME) 
15 + + 25 63 + + 

6 1 6 + +  64 + + 
17 + + 65 + + 
18 + - 1 (ME) 

20 + - 1 (LIT 68 + + 
21 + + 69 + + 

23 + + I 71 + + 

4 1 1 + +  3 MIN. BREAK 

7 1 9 + +  

8 2 2 + +  27 70 + - 1 (ME) 

24 + + 72 + + 
9 2 5 + +  28 73 + + 

26 I + I 1  74 + - 1 (ME) 

29 + - 1 (E) 77 
11 30 + + 30 78 

. .  
32 + + 80 + - 
94 + + I 82 + + 

12 33 + + 31 81 + - 4 (3 ME) 

TI-1 47 

48 
49 

89 + 
90 + 
91 + 1. 
42 + + 
93 + + 

36 95 + + 
96 + t 
97 t + 

+ +  

98 + + 
99 + + 

38 100 + + 
101 + + 

39 102 + + 
103 + - 1 (ME) 
104 + + -~ 

40 105 + + 
5 WIN. BREAK 
I " R  + I --- 
107 + - 1 (ME) 
108 + + 

46 109 + + 
110 + + 
111 + + 

47 112 + + 
113 + + 
114 + + 

48 115 + + 
116 + - 1 (E) 

49 117 + + 
1111 + + 
119 + + 

50 120 + + 
121 + - + 

51 122 + + 
123 + - 1 (E3IEl . .  
124 + + 

1Zfi + + 
52 125 + - 1 (ME) 

__. 
53 127 + + 

128 + + 
129 + + 

54 130 + + 
131 + + 
132 + + 

134 + + 
55 133 + - 1 (ME) 

-. 
135 + + 

137 + + 
138 + + 

57 139 + + 
140 + + 

58 141 + + 
142 I + 

59 143 C + 
144 + + 

60 145 + + 

56 136 + - 1 ( W )  

Penalty Sums Ior 20-Mi0 Blocks - 
0-20 m u  = 35 20-40 mio = 14.25* 40-60 rnin = 8.00' 
10-30 min = 41.17. 30-50 min = 10.67' 

*Experimenter break, penalty sums extrapolated from available 
minutes. 

-- 
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TAELE A - 1 9  

Monkey 894:  E x p o s u r e  dose = 1000 rad, yate = 50 I-ad/rn;n, 
d u r a t i o n  = 20 rnin, DMTS t a s k ,  2 m a t c h  a l t e r n a t i v e s ,  

10-sec d e l a y  between sample  and match 

" 
2 6 + +  

T + +  

9 + +  
10 + + 

4 1 1 + +  
12 + f 

5 1 3 + +  
14 + + 
15 + + 

6 1 6 + +  
17  + + 

7 1 8 + +  
1 9  + - 1 (ME) 
20  + + 

8 21 + - 1 1 W )  
02 + + 

3 a + +  

_. 
23 + + 

9 2 4 t t  
25  + - 1 (klE) 
26 + + 

10 27 + - 1 (LIE) 
28 + t 

37 I t 
14 38 1 + 39 + 
1 5  40 + - 1 (E) :; : : 
16 43 + - 

44 + - 
4 5  + - 4 (3 LIE: 

17 46 + + 
47 + + 
4 8  + + 

18 4 9  + + 
50 + + 

0-20 rnin - 41 
10-30 mln - 44.11. 

Penalty Sums for 20-Hin Blocks 
20-40 m i 0  I 1 0 . 5 8  4 0 4 0  min = 14.' 
30-50 min - LZ 

* Exoerimenter break. pena l ty  sums e x t r a p o l a t e d  f m m  available 
minutes .  

minutes. 
** Equipment failure. pena l ty  swas IXtrarmlBfed irnm available 
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TABLE A-20 

Monkey 901: Exposure dose = 1000 rad, rate = 50 rad/min, 
duration = 20 min, DMTS task, 2 match alternatives, 

10-sec delay between sample and m a t c h  

D 
3 3  i. 
d m o  
- , E -  

a * - s  
m * 3 0  

2 E :  2 2 ;  * a  DI 

uio. 2 $ 4 Penalty &io. E r Penblty 16111. C cn I Penalty 

I + +  53 + + 103 + - 1 !LIE) 
2 + +  54 so 104 + + 

4 + - 1 ( W )  56 SO 106 + + 
s + +  57 so 100 (4 SO) 107 + A 

2 6 + +  58 + + 42 108 + 4 

3 a + +  

1 3 + - 1 (ME) 20 55 so 41 105 + - 1 !LIE) 

7 + +  21 59 + + - 109 + + 
60 i + 43 110 + - 1 LHEI 
61 + + 111 + 

10 + + 22 62 + + 112 + + - 44 113 + - 1 (ME) 
23 64 t + 114 + + 

13 + + 65 + t 115 + + 
5 1 4 + +  66 + - 1 (ME) 45 116 1 + 

15 + + 24 67 + + 117 + + 
16 + + 68 + + 46 118 + + 

4 1 1 + +  

6 17 + - 1 (LIE) 69 + + - 119 + + 
ia + + 25 70 + + 120 + + 
19 + + 3 LIIN. BREAK 47 121 + - 

7 2 0 + +  71 + + 122 + - 

48 124 t t 8 2 2 + +  73 + + 
74 + - 1 ( N E )  125 + + 

24 + + 30 75 + + 126 + + 
9 2 5 + +  76 + + 49 127 + + 

10 27 + + 31 78 + - 1 ( M E 1  50 129 + + 
28 + + 79 + + 130 + + 
29 + + 80 + + 131 + - 

11 30 + + 32 81 + + 51 132 + - 
31 + + 82 + + 133 + - 4 (3 ME) 
32 + + + + 33 83 134 + + 

84 t + 52 135 + + 
34 + + 85 + + 136 + + 

29 72 + - 1 (ME1 123 + - 4 (3 LIE) . 1 (LIE) 

26 + t 77 + - 1 (LIE) 128 + + 

12 33 + + - 
13 35 t - 1 M E  34 86 + + 53'37 + 1; ::: : ~; ;WE; 
u - l!yE) ~ 

37 t + 88 + - 1 (ME) 
14 38 I + 35 89 + + 140 + 

39 + t 90 + 141 + 
40 + + 91 + - 1 (KE)  142 + 

15 41 + + 36 92 + 4 143 + 
42 + + 93 + + 144 t 

16 43 + + 37 94 t A 145 + + 
44 + + 95 + - 1 ( M E )  146 t + 
45 t t 96 + + 

4 7  + - 1 (KE)  98 + + 145 + + 
4a + + 99 + + 150 + t 

so + + 101 + - 1 (ME) 152 + - 1 (YE) 

19 52 + + 59 154 + - 1 (ME1 

156 + - 1 (ICE) 
60 157 + - 1 (YE1 

147 + - 1 (YE) 
17 46 + + 38 97 + + 57 148 + - 1 ( M E )  

18 49 + + 39 100 + + 58 151 + + 

51 + - 1 (US) 40 102 + + I53 + + 

155 + + 

- 
Penalty Sums for 20-Mln Blocks 

0-20 mln = 58 20-40 m i n  - 70.588 40.60 min - 23 
10-20 mi" = 127.2 30-50 min = 15 

-Experimenter break, penalty sums extrapolated from avzllabl+ 
minutes. 
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TABLE A-21 
PRE- AND POSTRADIATION MEAN BP AND HR FOR EACH 33 RADfMIN MONKEY 

- onkey No. 801 831 

BP HR BP HR 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
1 5  
16 
17 
I8 
19 
20 
11 
2 2  
23 
24 
25 
26 
27 
28 
29 
30 
$a 
60 - 

120 3 183 101 161 
120 183 99 .7  175 
120 183 102 174 

124 182 102 165 

124 185 1 0 1 . 7  186 
1 2 3 . 3  180 1113 165 
123.3 186 102.7 161 
1 1 3 . 3  182 1 0 0 . 7  173 
118.1 181 1 0 2 . 1  171 
1 2 3 . 3  185 103 175 
124 180 104.7 177 
1 2 8 . 3  184 105.'7 175 

126 .1  187 105 3 185 
17.6.3 192 109.7  195 
126 205 106 7 211 
130 11" 103.3 Z Z 5  
120 210 102.7 245  
123 216 9 6 . 3  242 
1 1 0 . 3  231  8 6 . 7  243 
118 225 6 4 . 7  145  
114 223 57.3 240  

119.3 210 4 3 . 7  204 
113 .3  210 5 2 . 7  204 
120 225 48 190 

116 7 210 79 3 190 
119.7  212 62 3 ,190 
1 1 4 . 7  1 R 1  6 8 . 8  200 
115 105  5 3 . 3  206 

131 183 101.3 165 

m a . 7  184 l a 2  185 

la8 185 105.3 180 

u 7 . s  zoo 4 8 . 0  227 

m . 7  200 73.1 190 

8 - 
BP - 

134. I 
134.7 
134 
132 
132 
134.7  
134 
137 .3  
1 3 5 . 3  
136 
134 
134 .7  
134 
134 
132 
1 2 7 . 3  
1 2 7 . 3  
125 7 
1 2 2 . 7  
122 
120.3  
116 .7  
109.3 
108.7  
IO8 
I12 
111 
110 
91 
9 9 . 3  

108 .3  
122 
1 0 6 . 7  - 

- 
HR - 

215 
225 
225 
225 
250 
250 
255 
240 
245  
213 
245 
253 
2 50 
248 
1 4 3  
24 7 
2 5 2  
26" 
255 
270  
280 
255 
251 
257 
257 
250 
24 5 
240 
250 
265 
250 
260 
26." - 

106.3 187 106 245 137.c 
LO6 7 187 106 244 138 
L09.3 169 2 0 3 . 6  246 131.: 
L04.7 181 102 245 134 . :  

LO6 189 103 243 131.1 
LO6 18s 103.7 243 134.1  
L06.7 191 105.7  240 123 
L10.7 200 1 0 1 . 3  245 103 
L07.3 197 104 248 BB. :  
L03.2 195 105.3 145  62 
9 9 . 3  191 92 253 49.; 
97 I82 7 8 . 7  250 4 8  
98 I85 8 0 . 7  247 46.;  
93 3 201 6 8  3 243 - 
91.7  211 6 3 . 0  240 - 
74 225  4 7 . 3  235  - 
76 232 5 3 . 3  230 - 
5 8 . 7  238 4 9  0 233 - 
70 7 231 69.7 23" - 
7 8  233 5 0 . 7  225 - 
:? 227  4 2 . 7  32, - 
80 230 4 1 . 7  224 - 
?B 215 5 2  3 226 - 
62 227 5 8 . 0  224 ~ 

7 3 . 7  221 5 2 . 0  22.1 - 
74 7 215 50 3 225 - 
88 220 4 8 . 7  227 - 
72  210 4 7 . 0  225  - 
66.7 200 65 9 227 - 
6 1 . 7  200 5 4 . 0  238 6 1 . 2  
R 1 . 3  2 5 2  5 8 . 7  15" 64 c 

103.3 ise 90.3 a47 131.: 

65.3 220 4 9 . 3  225 ~ 

I /  I 1  

- 
"R - 

182 
185 
185 
182 
185 
187 
183 
187 

191 
1119 
187 
186 
175 
175 
160 
157 
183 
161 
167 
168 
168 
110 
167 
171 
172 
175 
176 
177 
176 
175 
185 
198 

s a  

- 

1 

BP 
- 
- 
26 
26 
28 
19 
2 0  
24 

32 
19 
29 
13 
20 
12 
17 
16 
12 
07 
11 
02 
9 1  
02 
99 
93 
62 
70 
7 0  
52 
62 
68 
4 7  
44 
39 

a3 

- 

- 
nn - 

22s 
225 
225 
sa5 
225 
225 
226 
217 
225 
220 
230 
225 
232 
227 
232 
230 
235 
235 
243 
214 
238 
243 
241 
243 
2*3 
1140 
240 
242 
239 
210 
240 
223 

- 

I O J . 5  ? O S  
105 .8  205 
105.8 205 
105.6 205 
105.6 205 
105.6 205 
100.7 205 
89 210 
80.7 ZZO 
76 235 
6 1 . 3  240  
6 5 . 7  245 
59 a60 
59 250  
57.3 2 5 0  
64 250 
66 215 
67.3 244 
89 240 
6 9 . 3  238 
6 2 . 9  215 
5 5 . 1  235 
6 5 . 7  235 
6 5 . 1  235 
62 235 
70 .7  237 
8 6 . 3  235 
61 3 232 
6 3  235 

70.7 235 
80 I 115 
7 4 . 7  24"  

82 a35 

.04 190 114 2 2 5  ,I? 1"s 

.I24 190 111 221 117 105 

,05 190 112 2 4 5  117 205 
102 195 106 240 1 1 7  205 
96 195 106 243 lli 205 
9 1 . 6  200 107 210 112 205 
8 7 . 5  225 115 2 4 0  107 215 
8 6 . 7  270 11.l 235 >", 215 
73.3 280 118 235 107 315 
6 1 . 3  265 108 >BO 107 225 
5 8 . 6  287 10s 2h0 104 335 
52.3 285 101 270 104 235 
5 4 , 7  285 96 2 7 5  lil 235 
5 1 . 7  285 8 7  2 7 5  104 2+5 
5 9 . 7  295 91 2 7 5  101 247 
59 .7  285 88 2 7 5  100 2 5 5  
61 285 66 ? i s  105 255 
62 285 53 2F5 96 2JS 
6 1 . 3  as5 53 2r .1  9 s  162 
63 2 8 5  67 LGZ 100 2c2 
63 285 64  255 l p l l  262 
64 285 58 2 5 5  102 262 
76:7 28s 6 7  255 102 251 
7 2  285 64 252 104 240 
65.3 265 77 2 4 5  106 240 
65.3 285 RZ 215 108 2 4 0  
7 2  285 66 2 5 0  110 240 
73 ZRO 78 ? < 5  112 240 
70 280 89 235 115 215 
9 0 . 7  2 8 0  > n o  2 5 2  116 210 
86 7 280 1(80 260 109 250  

in4 190 114 225 1x7 ZOJ 

!oe isn 114 220 117 205 

62 *6:, 
72  27i8 
78  211 
73 311 
78 27.1 
83 27:, 
84 21', 
86 264 
8 7  2 6 7  
85 277 
88 2,s 
52 285 



TABLE A-22 

PRE- AND POSTRADIATION MEAN BP AND HR FOR FOUR 50 RADIIMIN MONKEYS 

Monkey N o .  : 

P r e r a d i a t i o n  
P o s t r a d i a t i o n  1 

Minutes  2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
30 
45 
GO 

901  I 8 94 I 8 64 

BP 

106 
106 
106 
106 
106 
102 

99 
99 
97 
97 
92 
86 
80 
59 
58 
57 
53 
48 
34 
32 
39 
37 
45 
59 
61 
68 
79 
83 
77 

HR BP HR 

I 
190 105 185 
190 105 185 
190 105 185 
190 105 185 
190 105 185 
190 105 185 
200 107 190 
200 105 225 
220 94 250 
225 7 o 250 
240 55 245 
24 8 5 1  245 
250 47 245 
245 230 
237 I I 220 
225 I 6 1  I 225 
220 7 1  230 
200 1 i: I 235 
195 235 
190 87 232 
200 87 235 
180 83 235 
185 94 235 
170 235 
180 1 ii [ 235 
165 235 
205 235 
210 I !i I 205 
220 2 05 

BP 

115 
115 
115 
115 
115 
115 
115 
115 
115 
117 
117 
117 

97 
69 
42 
42 
42 
42 
5 1  
5 1  
49 
6 1  
6 1  
6 1  
6 1  
65 
93 
85 
83 

- 
HR - 
210 
210 
210 
210 
210 
210 
210 
215 
215 
225 
235 
265 
265 
260 
225 
250 
210 
215 
210 
205 
215 
215 
215 
215 
215 
225 
220 
200 
235 - 

92 3 - 
BP - 
105 
105 
105 
105 
103 
103 
103 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 
105 

92 
88 - 

- 
HR - 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
210 
215 
220 
24 0 
240 
240 
235 
235 
235 
235 
235 
200 
200 
250 - 
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