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1500 r a d s  (cCy). Compound e f f e c t s  from both syndromes a re  man i fe s t ed  

a t  d o s e s  of 830 t o  1500 r a d s  (cGy). Symptoms o f  t h e  hemopoiet ic  syn- 

drome a re  r e l a t e d  t o  b l e e d i n g  and i n f e c t i o n s .  

i n g ,  f e v e r ,  and u l c e r a t i o n  of the mouth and t h r o a t .  Systemic i n f e c t i o n s  

a r e  t r i g g e r e d  by t h e  e scape  of e n t e r i c  b a c t e r i a  from t h e  damaged g a s t r o -  

i n t e s t i n a l  mucosa; t hey  p r o g r e s s  f a s t  because w h i t e  blood c e l l  produc- 

t i o n  i s  suppres sed  by t h e  r ad ia t ion -caused  d e s t r u c t i o n  of bone marrow 

s t e m  c e l l s .  P r e e x i s t i n g  i n f e c t i o n s ,  €or  example i n  t h e  r e s p i r a t o r y  

t r a c t ,  can r a p i d l y  become l e t h a l .  With i n c r e a s i n g  d o s e ,  and e s p e c i a l l y  

above 1300 r a d s  (cGy), f l u i d  l o s s  and e l e c t r o l y t e  imbalance from voniit- 

i n g  and i n j u r y  t o  the g a s t r o i n t e s t i n a l  t r ac - t  may l e a d  t o  f a i n t i n g ,  

p r o s t r a t i o n ,  and a shock  c o n d i t i o n  t h a t  could r e s u l t  in d e a t h  i n  -2 t o  

1 2  days.  

They i n c l u d e  e a s y  b r u i s -  

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

some r c s e r v a t i o o s  because of d i f f e r e n r e s  i n  p o p u l a t i o n  c h a r a c t c r i s t j ( . s ,  

rnvirunmental  c o n d i t i o n s ,  and med i ra l  a t t e i i t ~ i o n .  AcL-ident v i r t i m s  and 

the rapy  p a t i e n t s  tiad t h e  b e n e f i t  ol medical , :are ,  w h i r h  b a t t l e f i e l d  

s o l d i e r s  may not have. Un t h e  o t h e r  hand, s o l d i e r s  would presumably 

have ddvclntagrs of youth,  v i g o r ,  and m o t i v a t i u n  ove r  t h e  o t h e r  groups 

mentiuncd. The d a t a  do n u t  p e r m i t  ii q u a n t i t a t i v e  assessment  u f  t h e  

t r a d r u f f s  between pos t expusure  medical  c a r e  and preexposure r o b u s t n e s s .  

We b e l i e v e ,  howrvrr,  t h a t  preexposure h e a l t h  c o n d i t i o n  i s  l e s s  i n i p o r t a i l t  

than pus t exposure  mrdical  c a r e ,  b a r r i n g  p r i o r  b a c t e r i a l  o r  v i r a l  i n f e c -  

t i o n .  The symptom d e s c r i p t i o n s  may be somewhat less a p p l i c a b l e  but  

s t i l l  r easonab ly  r e l e v a n t  t o  combat pe r sonne l  r e c e i v i n g  d o s e s  a t  t h e  

lower end of the 75 t o  4500 r a d  (cGy) range o r  soon a f t e r  exposure.  

The d e s c r i p t i o n s  become i n c r e a s i n g l y  a p p l i c a b l e  as d o s e s  and pos t -  

exposure t i m e  i n c r e a s e .  
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As a f i r s t  s t e p  i n  t h a t  e f f o r t ,  t h i s  r e p o r t  d e s c r i b e s  the " t y p i c a l "  

human r e s p o n s e  t o  prompt r a d i a t i o n  d u r i n g  t h e  a c u t e  p e r i o d  of 6 weeks 

a f t e r  exposure.  The a v a i l a b l e  d a t a  h a s  been analyzed t o  c o r r e l a t e  r a d i -  

a t i o n  s i c k n e s s  symptoms w i t h  dose  levels and time--incide.nce, s e v e r i t y ,  

and d u r a t i o n .  Rather  t h a n  r e s t a t e  t h e  well-known v a r i a b i l i t y  of r ad ia -  

t i o n  s i c k n e s s  symptoms, a t y p i c a l  d e s c r i p t i o n  w a s  d e r i v e d  t o  p r o v i d e  a 

t h e o r e t i c a l  b a s e  f o r  subsequent  estimates of combat t r o o p  performance 

a f t e r  t h e  d e t o n a t i o n  of n u c l e a r  weapons. 

The d a t a  s o u r c e s  f a l l  i n t o  f o u r  g e n e r a l  c a t e g o r i e s :  (1) case * 
studies of t h e  vic ' t ims of n u c l e a r  r e a c t o r  a c c ~ i d e n t s ,  (7 )  r e c o r d s  of 

p a t i e n t s  given total-body r a d i a t i o n  the rapy  f o r  cance r  and o t h e r  

d i s e a s e s , '  

sources ,  and (4) e x p e r t  o p i n i o n ,  sometimes e l i c i t e d  i n  p r i v a t e  communi- 

c a t i o n .  Add ic iuna l  i n f o r m a t i o n  h a s  come frnm s u r v i v o r s  of t h e  atomic 

bombings i n  Hiroshima a n d  Nagasaki ,  as w e l l  a s  t h o s e  a c c i d e n t a l l y  

i r r a d i a t e d  i n  n u c l e a r  t e s t s  i n  t h e  South P a c i f i c . '  Though animal ex- 

p e r i m e n t s  p rov ide  t h e  g r e a t e s t  q u a n t i t y  of d a t a  on r a d i a t i o n  e f f e c t s ,  

animal  d a t a  was n o t  r e l i e d  o n  because t h e  l i n k  w i t h  human re sponses  i s  

i n d i r e c t .  

( 3 )  "composite" a n a l y s e s  based on d a t a  from a v a r i e t y  of 

** 

No one c a t e g o r y  of s o o r c e s  p r o v i d e s  a comprehensive p i c t u r e  of t h e  

i n c i d e n c e ,  s e v e r i t y .  and d u r a t i o n  of r a d i a t i o n  s i c k n e s s  i n  humans. For 

example, t h e  d a t a  on atomic bomb s u r v i v o r s  a r e  u s a b l e  f o r  delayed hema- 

to logic .a l  e f f e c t s  (21 week pos t exposure )  but  i nadequa te  f o r  e a r l y  a c u t e  

e f f e c t s ;  because of t h e  c h a o t i c  c o n d i t i o n s ,  a l l  r e c o r d s  of symptoms 

d u r i n g  t h e  f i r s t  f e w  pos t exposure  days were c o n s t r u c t e d  some t i m e  a f t e r  

t h e  iact.I"'  

i s  n e c e s s a r y  t c i  u s e  il v a r i e t y  of scurres and c a r e f u l l y  e v a l u a t e  t h e i r  

d a t a .  

Tn r e f i n e  a p l a u s i b l e  d e s c r i p t i o n  C J ~  a c u t e  symptoms, i t  

72 
Refe rences  1 2 ,  2 1 ,  45, 5 1 ,  53, 56-58, 7 3 ,  74, 83, 90, 94, 96, 

103-105. 

'References 2 ,  9 ,  10 ,  15, 1 7 ,  1 9 ,  20,  42, 43, 66, 71, 78, 88, 91 ,  

'References 2 ,  26-29, 54, 55, 60, 63, h i ,  72, 81, 8 2 ,  101, 106, 108. 

93, 98. 

** 
References 3 ,  5, 1 1 ,  13, 14, 100,  111. 

t iRcferences 81 ,  8 2 .  
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SECTION 2 

A N A L Y T I C  C O N S I D E R A I ' I O N S  

This section explains how the data were used to correlate symptoms 
of radiation sickness with dose levels and time after exposure for a typi- 

cal population of victims. 

symptom, estimating their incidence and sever i ty  in the population, re- 
conciling dose Levels reported in different units of measure, corre- 
lating dose ranges and t h e  intervals with symptoms, and addressing the 

effect of different dose rates i n  the data. The period of acute illness 
is conventionally divided into the prodromal phase (1 to 3 days after 

exposure) and manifest-illness phase (1 to 6 weeks after exposure). 

The effort involved identifying the specific 

I D E N T I F I C A T I O N  OF SYMPTOMS 

The main prodromal symptoms identified are nausea, vomiting, an- 

orexia, diarrhea, fluid loss ,  and electrolyte imbalance. Concomitant 

effects, either a direct result of radiation or secondary to iluid l o s s ,  

are headaches, fainting, and prostration. Other early effects with a 

different pathophysiological base are fatigue and weakness. 
'The manifest-illness phase is dominated by bleeding, fever, infec- 

tion, and ulceration due to injury of the hemopoietic system. Higher 

doses can produce hypotension, dizziness, and disorientation. Fluid loss, 

electrolyte imbalance, and delayed diarrhea recur after relatively high 

doses because of damage to the intestines. 
* 

SYMPTOM I N C I D E N C E  AND S E V E R I T Y  
f Apart from probit analyses and information on atomic bomb survivors, 

quantitative data on the incidence of symptoms are scanty. 

indicated substantial divergence between the .Japanese survivor data and 

probit analysis predictions of symptom incidence. ' 
Analysis has 

The reason €or the 

\ 

* Appendix A explores thc pathophysiological basis or b o t h  prodromal 
and manifest-illness symptoms. 

References 61, 6 7 .  t 





a n a l y s i s .  Of c o u r s e ,  no ad jus tment  was necessa ry  f o r  t h e  mixed gamma 

and neu t ron  r a d i a t i o n  doses  t o  which a c c i d e n t  v i c t i m s  were exposed when 

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

More p r e c i s e  e s t i m a t e s  r e q u i r e  d e t a i l e d  c o n s i d e r a t i o n  of r a d i a t i o n  

t r a n s p o r t  and dos imet ry  ( i n v o l v i n g  s p e c t r a ,  geometry,  and composi t ion) ,  

which i s  beyond t h e  scope  of this r e s e a r c h .  We do n o t  e x p l i c i t l y  account  

for  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (KBE) .  The d a t a  do not  j u s t i f y  

v a l u e s  o t h e r  than  1, p a r t i c u l a r l y  f o r  a c u t e  symptoms such a s  upper and 

lower g a s t r o i n t e s t i n a l  d i s t r e s s ,  f a t i g u e ,  and weakness. 

DOSE RANGES 

W e  subdiv ided  t h e  dose  range  of c o n s i d e r a t i o n ,  75 t o  4500 r a d s  

(cGy),  i n t o  e i g h t  r a n g e s  r e f l e c t i n g  impor tan t  p a t h o p h y s i o l o g i c a l  e v e n t s ,  

a s  shown i n  Table  1. Doses i n  t h e  lowes t  r ange ,  75 t o  150 r a d s  (cGy), 

cause  minor a c u t e  damage t o  t h e  hemopoiet ic  system and m i l d  prodromal 

e f f e c t s  (nausea ,  vomit ing,  a n o r e x i a )  i n  a s m a l l  number of i r r a d i a t e d  

pe r sons .  

I n  t h e  dose  range  150 t o  300 r a d s  (cGy), prodromal e f f e c t s  and 

i n j u r y  t o  t h e  hemopoiet ic  system ( p r i m a r i l y  t h e  bone marrow stem and 

p r e c u r s o r  c e l l s )  i n c r e a s e  s i g n i f i c a n t l y .  However, v i c t i m s  w i l l  prob- 

a b l y  s u r v i v e ,  except  f o r  t h e  -2 t o  5 pe rcen t  who w i l l  d i e  a f t e r  doses  

o f  about  300 r a d s  (cGy). The p r o b a b i l i t y  of d e a t h  i n c r e a s e s  a t  t h i s  

dose  r ange  i f  v i c t i m s  a r e  a l r e a d y  weakened by o t h e r  c o n d i t i o n s ,  such  

a s  an  i n f e c t i o n .  Although s u r v i v a l  i s  p o s s i b l e  w i t h i n  t h e  nex t  r ange ,  

300 t o  530 r a d s  (cGy), prodromal e f f e c t s  become pronounced. Vic t ims  

a l s o  s u f f e r  moderate t o  s e v e r e  damage t o  the  bone marrow. A s  t h e  dose  

r e a c h e s  about  500 r a d s  (cGy), 50 p e r c e n t  who do not  r e c e i v e  a p p r o p r i a t e  
t medical  c a r e  may d i e  w i t h i n  60 days .  

* 

The lower l i m i t  of t h e  530 t o  830 r ad  (cGy) dose  range  is t h e  e s t i -  

100 pe rcen t  l e t h a l i t y  i s  approached a t  about  750 r a d s  mated LD 

(cGy). ' Responses t o  doses  between 830 and 1100 r a d s  (cGy) begin  t o  
50/60;  

* 
References  61 ,  75. 

'Reference 61. 

'References 6 1 ,  7 7 .  
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reflect the combined effects of gastrointestinal and hemopoietic damage. 
Survival is almost impossible unless a compatible bone marrow trans- 

plant is available. 

severe prodromal effects during the first day after exposure. 

Nearly everyone irradiated at this level suffers 

Injuries from doses of 1100 to 1500 rads (cGy) are similar t o  those 

in the foregoing dose ranges but much more severe due to greater deple- 
tion of bone marrow stem c~ells, 

systemic complications. Early transient incapacitation has been ob- 

served in monkeys and may appear in man.t 

early transient incapacitation may become more frequent. * An early- 
postexposure renal failure was reported in this dose range. Death 

results in less than 2 weeks from gastrointestinal injury, complicated 

by bone marrow damage and concomitant cessation of granulocyte produc- 

tion.+’ 

electrolyte imbalance and dehydration due to vomiting and diarrhea, 

especially in hot or humid conditions. Extremely severe gastrointes- 
tinal and cardiovascular damage causes death within 2 t o  5 days after ‘* doses of 3000 to 4500 rads (cGy). 

* 
greater gastrointestinal damage, and 

At 1500 to 3000 rads (cGy) 

** 

Above about 2000 rads (cGy), death may occur sooner from 

POSTEXPOSURE TIME CORRELATIONS 

The onset and duration of prodromal symptoms in relation to radia- 

tion dose was estimated primarily from accounts of accident victims and 
therapy patients. 

quate for prodromal symptom-time correlations. as noted in Sec. 1. For 

manifest-illness hemopoietic depression, however, the Japanese data are 

more reliable, having been recorded at the time of occurrence. 

Data on the Japanese atom bomb survivors are inade- 

*** 

* 
References 7, 6 5 .  

‘Reference 23. 
‘Reference 23. 
** 
Reference 98. 

ttReference 65. 
“Reference 68. 
*** 

References 2, 29, 60, 81, 8 2 ,  101, 1 0 6 .  
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Refs. 67,69, 70 1 - A = Anorexia 
N = Nausea 
V = Vomiting 

F = Fatigue 
DIN) = Diarrhea (norm 
F(N) = Fatigue (normal) 

80 0 = Diarrhea 
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Figure 3. Symptom incidence related to dose ( p r o b i t  analyses). 

* 
f a t i g u e  a t  d o s e s  above 300 r a d s  (cCy) 

d o s e s  above 375 r a d s  ( c G y ) ,  f o r  which t h e  normal c u r v e s  were used .  

and t h e  i n c i d e n c e  of d i a r r h e a  a t  

Q u a l i f i c a t i o n  of t h e  d i a r r h e a  d a t a  i s  i n  o r d e r .  

symptoms, d i a r r h e a  w a s  monitored over  a six-week pe r iod .  

are  no t  t ime- re so lved ,  t h e  c u r v e s  i n c l u d e  la ter  as w e l l  a s  e a r l y  occur- 

r e n c e s  of d i a r r h e a .  In f a c t ,  o t h e r  d a t a  s u g g e s t  t h a t  t h e s e  c u r v e s  p r i -  

m a r i l y  r e f l e c t  delayed d i a r r h e a  o c c u r r i n g  a few days  t o  a week a f t e r  

exposure .  

a t  l eas t  450 r a d s  ( cCy) .  

Unlike the o t h e r  

S i n c e  t h e  d a t a  

E a r l y  d i a r r h e a  is p robab ly  no t  man i fe s t ed  u n l e s s  t h e  dose  i s  

A t  t h a t  dose  leve l ,  about  10 p e r c e n t  would 

* 
Refe rence  61 ,  Table  10,  p. 8 2 .  
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Figure 4. L e t h a l i t y  r e l a t e d  t o  dose.  
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i nc idence .  It should be reemphasized t h a t  a consensus w a s  sought  i n  t h e  

d a t a ,  s u p p r e s s i n g  v a r i a b i l i t y  i n  o r d e r  t o  r e p r e s e n t  the  r e sponse  of a 

t y p i c a l  exposed p o p u l a t i o n .  

Symptom i n c i d e n c e  i s  expressed a s  a p e r c e n t a g e  r ange  o r  s i n g l e  f i g -  

ure, depending on t h e  f i r m n e s s  of t h e  d a t a .  E s t i m a t e s  of t h e  r e l a t i o n  

of symptom i n c i d e n c e  w i t h  t i m e  are  broad because of t h e  l a c k  of s p e c i f i c  

t ime-resolved d a t a .  

The estimates of d u r a t i o n  imply t h a t  a symptom can occur  one of 

t h r e e  ways ove r  t h e  p e r i o d  i n d i c a t e d :  c o n t i n u o u s l y  a t  one l e v e l  of se-  

v e r i t y  ( e . g . ,  a n o r e x i a ) ;  c.ontinuously w i t h  v a r y i n g  s e v e r i t y  ( e . g . ,  

f a t i g u e  ) ;  and i n t e r m i t t e n t l y  ( e . g . ,  vomi t ing ,  d i a r r h e a ) .  
* 

Q u a n t i f i c a t i o n  of t h e  terms “mi ld , “  “moderate,“ and “ seve re“  i n d i -  

c a t i n g  symptom i n t e n s i t y  i s  p o s s i b l e  w i t h  on ly  a few symptoms, as noted 

i n  S e r .  2 .  M i l d  vomi t ing  o r  d i a r r h e a  may mean a s i n g l e  t o  a few epi -  

sodes  d u r i n g  t h e  p e r i o d ;  moderate ,  s e v e r a l  e p i s o d e s ;  and s e v e r e ,  many and 

p r o f u s e  e p i s o d e s .  F a t i g u e  and weakness a r e  p o t e n t i a l l y  q u a n t i f i a b l e  

s i n c e  e x e r t i o n ,  necessa ry  t o  r e v e a l  t h o s e  symptoms, i s  measurable;‘  how- 

e v e r ,  few d a t a  have been c o l l e c t e d .  With r ega rd  t o  hypo tens ion ,  “mild“ 

r e f e r s  t o  d 1 0  p e r c e n t  d rop  i n  d i a s t o l i c  and s y s t o l i c  blood p r e s s u r e ;  

“moderate ,“  a 1 0  t o  30 p e r c e n t  d rop ;  and “ s e v e r e , “  a d rop  of 30 p e r c e n t  

o r  more. Hemopoietic i n j u r y  i s  q u a n t i f i e d  t o  the e x t e n t  of e s t i m a t i n g  

d r o p s  i n  p l a t e l e t ,  g r a n u l o c y t e ,  and lymphocyte coun t s .  N e t  con t inued  

f l u i d  l o s s e s  o f  up t o  2 l i t e r s  a re  cons ide red  mild t o  moderate:  more 

than ?. l i t e r s ,  s e v e r e .  

t 

Regarding pos t exposure  m o r t a l i t y ,  we e s t i m a t e  t h e  i n c i d e n c e  of f a t a l -  

i t i e s  and t h e  p e r i o d  ove r  which they are l i k e l y  t o  occur  f o r  a given dose  

l e v e l .  ’lata a r e  i n s u f f i c i e n t  t o  d e f i n e  a time d i s t r i b u t i o n  of m a r t a l i t y .  

Doses of 75 t o  150 Rads ( c G y )  

Table 2 i n d i c a t e s  t h a t  a c u t e  r a d i a t i o n  e f f e c t s  a t  t h i s  l e v e l  a r e  

% 
Reference 2 1 .  

tA l so ,  ou r  c o r r e l a t i o n s  of s e v e r i t y  level  w i t h  t i m e  are g r o s s  r e p r e -  
s e n t a t i o n s ;  s e v e r i t y  may v a r y  c o n s i d e r a b l y  ove r  t i m e ,  as G e r s t n e r ’ s  t i m e -  
i n t e n s i t y  p r o f i l e s  s u g g e s t  (Refs .  4 1 - 4 3 ) .  

‘Reference 103. 
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mild and occur  on ly  d u r i n g  t h e  f i r s t  day a f t e r  exposure.  Blood c e l l  

c o u n t s  may d r o p  s l i g h t l y ,  bu t  t y p i c a l  v i c t i m s  w i l l  s u r e l y  s u r v i v e .  

Duses u f  150 t u  300 Rads (cGy) 

The s e v e r i t y  of  prodrumal e f f e c t s  i n c r e a s e s  ove r  t h e  p reced ing  range 

(Table  3 ) .  A s  the dose  appruaches 200 r a d s  (cGy), 50 p e r c e n t  or more o f  

expused pe r sons  develop a n o r e x i a ,  nausea,  and vomiting. About 30 t u  60 

per l ' en t  complain U T  f a t i g u e  and weakness. S i g n i f i c a n t  d e s t r u c t i o n  uf 

bone m n r r n w  s t e m  c e l l s  may l ead  t o  a 25 t o  35 p e r c e n t  d rop  i n  blood c e l l  

p roduc t ion .  A s  a r e s u l t ,  mild b l e e d i n g ,  f e v e r ,  and i n f e c t i o n  may ucc'ur 

d u r i n g  t h e  f o u r t h  and f i f t h  pos t exposure  weeks. Up t o  5 pe rcen t  may d i e  

5 t u  6 weeks a f t e r  exposure t o  300 r a d s  (cGy). 

Duses of 300 t o  530 Rads (cGy) 

Prodromal symptoms beg in  e a r l i e r  and a f f e c t  more exposed pe r sons  

(Table  4 ) .  A t  t h i s  r a n g e  and above, 10  p e r c e n t  may e x p e r i e n c e  one o r  

two e p i s o d e s  of moderate d i a r r h e a  4 t o  6 h r  postexposure.  Most v i c t i m s  

t i r e  e a s i l y  and e x p e r i e n c e  m i l d  t o  moderate weakness i n t e r m i t t e n t l y  

ove r  t h e  6 weeks. Under normal c o n d i t i o n s ,  vomi t ing  and d i a r r h e a  are 

n o t  enough t o  cause  s e r i o u s  f l u i d  l o s s  and e l e c t r o l y t e  imbalance.  I n  

hot  o r  humid c o n d i t i o n s ,  however, combined f l u i d  loss  and e l e c t r o l y t e  

imbalance cuuld become s e r i o u s .  

I n j u r y  t u  t h e  hemopoiet ic  system i s  i n d i c a t e d  by moderate b l e e d i n g ,  

f e v e r ,  i n f e c t i o n ,  and u l c e r a t i o n  3 t o  5 weeks pos t exposure ;  more than  

50 p e r c e n t  of  t hose  exposed a r e  a f f e c t e d .  

weeks, moderate d i a r r h e a  may compl i ca t e  t h e i r  c o n d i t i o n .  F ive  t o  50 

p e r r e n t  of n o n t r e a t e d  pe r sons  m a y  d i e  d u r i n g  t h e  f i f t h  week; 

e a r l i e r  t o  t h o s e  w i t h  p r e e x i s t i n g  i n f e c t i o n s ,  f o r  example of t h e  upper 

r e s p i r a t o r y  t r a c t .  

During t h e  f o u r t h  and f i f t h  

d e a t h  comes 

Doses of 530 t u  830 Rads (cGy) 

The o n s e t  and d u r a t i o n  of nausea ,  vomit ing,  and a n o r e x i a  a re  about  

t h e  s a m e  a s  i n  t h e  p reced ing  dose  r ange ,  bu t  t h e  symptoms a r e  mure 

s e v e r e  and a f f e c t  n e a r l y  a l l  exposed pe r sons  (Table  5). Severe and pro- 

longed vomi t ing  t a k e s  a t o l l  on e l e c t r o l y t e  ba l ance ,  which would be 
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Table 4 .  Symptoms f o r  dose range 300 to 530 rads (cGy)  free-in-air. 

P o s t e x w s u r e  Time 

~~ 

Hypotension 

D i z z i n e s s  

D is" r ien t 2 t ion 

Bleeding' 

Nausea 

Vomi t in): 
(retching) 

Anorexia 

DiarrhcJ 
( c r a m p s ,  

Fat 1gueb 

Weakness 

t-:d)-i C l O - S O % d - +  
mod era t e 

-70-9oZ moderate 

j O - R O %  
moderate 

~-qo-lOo% ChO%-.I-* 

c40---I-* 
\moderate M o d e r o t e l  box 

---Moderate -s- 

---Moderate-- 

+b0-9VL moderate 

+60-9(J2 moderate 

i 

Fluid losslelectro- 
lyre imbalance 

Headache 

Faint ing  

Prostration 

Death" 

l l I l I / l I l 1 1 I I  I ,  , I , I I 
'References f o r  this group of symptoms: 4 ,  6, 7 .  12 .  15 ,  18 ,  21. ? ? ,  32, 33. 35. 

37.  41-44.  4 7 .  50. 5 1 .  53,  5 6 .  60 ,  62. b 5 ,  75, 1 6 ,  80-XZ. 85-R4, 90. 9 2 ,  9 5 - 9 7 .  
105-11 I .  

bReferences f o r  this group of  symptoms: 

'References f o r  this g r o u p  o f  symptoms: 2 ,  6 ,  7 ,  14 ,  15. 31, 35.  3 9 ,  5 4 ,  50,  b o ,  

1, 7 .  1 4 .  4 3 ,  6 5 ,  7 1 ,  7 h ,  X 1 ,  101, 104. 
109, 110. 

6 2 ,  h 4 .  6 5 ,  71,  7 5 ,  7 6 ,  7 9 ,  8 1 ,  8 2 ,  8 5 .  8 8 ,  95, 9 7 ,  101, 1 0 5 .  106. 110. 

dModerate drop in p l a t e l e t s :  from 3 1 0 5 1 m m 3  to 0.8-0.1 105/mm1. 

eModerare drop io granulocytes: 

fModerate t o  severe drop in lymphocytes: 
gEpilation. 

hReferences for thls e v e n t :  4 .  7 ,  1 4 .  6 1 ,  81. 

from h I 103/m3 t o  2.0-0 .5  103imm'. 

from J y l n 3 / m 3  tu 1 . 0 - 0 . 4  , 103/mm3, 
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a c c e l e r a t e d  by p e r s p i r a t i o n  l o s s  through h e a t ,  humidi ty ,  o r  a c t i v i t y .  

About 10 p e r c e n t  may expe r i ence  moderate  t o  severe d i a r r h e a  3 t o  6 h r  

a f t e r  exposure.  Nearly a l l  show moderate  t o  s e v e r e  f a t i g u e  and weak- 

n e s s  f o r  many weeks. I f  u n t r e a t e d ,  50 t o  99 pe rcen t  may d i e ,  p r i m a r i l y  

because of e x t e n s i v e  i n j u r y  t o  t h e  hemopoiet ic  system, man i fe s t ed  i n  

overwhelming i n f e c t i o n s  and b l eed ing  d u r i n g  t h e  t h i r d  t o  s i x t h  weeks. 

Nausea, vomi t ing ,  and a n o r e x i a  may r e c u r  a t  t h a t  t i m e .  D ia r rhea ,  e l e c -  

t r o l y t e  imbalance,  and headaches a f f e c t  a t  least h a l f .  The c o n d i t i o n  

of t h e  l e t h a l l y  i r r a d i a t e d  d u r i n g  t h e i r  las t  days may be  compl ica ted  by 

d i z z i n e s s ,  d i s o r i e n t a t i o n ,  f a i n t i n g ,  p r o s t r a t i o n ,  and symptoms of in -  

f e c t i o n  and b l eed ing .  

Doses o f  830 t o  1100 Rads (cGy) 

V i r t u a l l y  a l l  exposed pe r sons  expe r i ence  severe nausea and vomit- 

i n g  t h e  f i r s t  pos texposure  day,  moderat ing ove r  t h e  n e x t  day or two 

(Table  6).  During t h a t  t i m e  they  a l s o  become d i z z y  and d i s o r i e n t e d .  

With t h e  near-maximum d e s t r u c t i o n  of bone marrow stem c e l l s  and 

absence  o f  g r a n u l o c y t e s ,  u n t r e a t e d  pe r sons  l o s e  t h e i r  d e f e n s e  a g a i n s t  

i n f e c t i o n .  By t h e  end of t h e  f i r s t  pos texposure  week, i n f e c t i o n  i s  

rampant from endogenous b a c t e r i a  t h a t  have escaped from t h e  i n j u r e d  

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

The combinat ion of hemopoiet ic  damage and g a s t r o i n t e s t i n a l  l e s i o n s  

reduces  t h e  s u r v i v a l  of a l l  u n t r e a t e d  persons  t o  2 t o  3 weeks. 

t h e  e n t i r e  time they  s u f f e r  from severe f a t i g u e  and weakness. Toward 

t h e  end of t h e  f i r s t  week, nausea ,  vomi t ing ,  and anorex ia  r e c u r .  Mod- 

erate t o  s e v e r e  d i a r r h e a  may beg in  as e a r l y  as t h e  f o u r t h  day. Severe  

b l eed ing ,  headaches,  hypotens ion ,  dehydra t ion ,  e l e c t r o l y t e  imbalance,  

and f a i n t i n g  compl ica te  t h e  c o n d i t i o n  of a l l  du r ing  t h e i r  last  days.  

During 

Doses of 1100 t o  1500 Rads (cGy) 

The s u r v i v a l  t i m e  f o r  u n t r e a t e d  pe r sons  d imin i shes  t o  2 t o  2% 

weeks (Table  7 ) .  Symptoms resemble t h o s e  exper ienced  a t  t h e  preceding  

dose  range ,  w i t h  t h e  fo l lowing  n o t a b l e  d i f f e r e n c e s :  

? 
1 
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Table 7 .  Symptoms for dose range 1100 t o  1500 rads (cGy) free-in-air. 

HOUTS nays Weeks 

1 2 3 4 5 6 7  
Symptom 0 4 8 12 Ib 2u 11 1 1 3 4 5 6  

1 " " l  

Nd"Seea -1uoz seyere 100% 

vomi c ing -1002 severe 
(retching) moderate 

LO severe 
Anorexia I-, 100% +I 00% +--I 
Diarrhea Y 10% severe 

(cramps) 

B l e e d i d  
FeYPr 

Infection 
Ulceration 

( f )  +-I 100% severe I I 

I C -30-45% + I 1 l+,)T 100% severe 
moderated 

C ( h ) - - l  

I I &-.I 100% severe 

(1) 

1 . 4  100% *eyere 

b 4 - I  100% severe 

' 
(k) ' 

Fluid loss/elecrra- ~ 1 0 0 %  
1yte imbalaneej moderate 

Headache +loo% moderate 4 
to *evere 

Fa in ting +d- - l  70% mderare 
Pr08Cratio" c 4 . 4  Lo severe 
Death' 1 100% 

I 
'References for t h i s  group of symrprorns: 6. 7, 14 ,  15. 21, 22. 33. 41. 44. 47, 

50. 51, 53, 57, 62. b5. 71, 76. 79-82, 85, 87, 90. 93. 95. 96, 101. lob. 
bReferences for this group of symp~om8: 1, 6 .  7. 14, 32. &7, 51. 53, 6 5 ,  67, 78. 

85. 101. 

'References for this group of symptoms: b. 7. 14. 15, 33, 50, 61. 62. 6 5 ,  71. 
7b. 79, 80, 82. 85. 87. 89, 93, 101, 105. 106. 

dBlood pressuze drops 25 percent: temperature Increases t o  102*P, according t o  
Ref. 33. 

eReferences for this group of syaptonr: 6 ,  7 .  1 4 .  15. 21, 30, 31, 33, 51. 53, 
61, 62. 65. 71, 72, 79-82. 85.  87, 89, 90. 93. 95, 101. 106. 

'Pla~elet coum drops to zero. 

%anulocyte count drops to zero. 

hLyophocyfe count drops LO zero. 

lEpilafion. 

'References for this group of syroptome: 
72. 76, 79-82. 85. 89. 101. 106. 

kkoderare to severe intestinal damage. 
'References for this event: 

6, 7. 14.  IS, 33.  50. 61, 62, 6 5 ,  71 

4 .  1 4 .  61. 77, 81. 
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Table  8. Symptoms for dose range 1500 to 3000 rads (cGy) free-in-air. 

Puste,posure lime 

Hours nays lireks 

1 2 3 4 5 6 1  

svmntorn 0 4 8 I2 16 20 2 4  1 1 1 4 5 6  

Infection 

u1cerntion 

Fluid losslelectro- 
lyte irnbalanceh 

Headache 

Fainting 

PrOSLratio" 

Deathd 

- 100% seyere - 100% severe 

I C - l O O %  moderate 
LO severe 

-loox severe I 
 loo% SeVerr I 

( e l - 4  100% SeYrre 

100% seyere 

100% EeVere 

L 4 5 - 8 0 2 -  
moderate to 
PeYere 

I 

J 1 1 ' ' ' 1 1 1 1 8 i  I I I I ' I ' ' ' ' 
%eferences for this group of symptoms: 

bReferences for this group of symptoms: 

6 .  7. 1 4 ,  15. 21. 22,  31. 31,  4 7 ,  5 0 ,  

6 ,  7. 14, 4 7 ,  53, 65. 71, 78, 85. 90. 
62,  65. 67. 71. 76, 79-82. 8 5 .  87,  90. 95, 101. 105,  106. 

101. 

'References for this group of symptoms: 6 ,  7 ,  14. 15, 33. 50. 61. 62, 65. 71. 
76. 79-82, 8 5 ,  87,  89. 101, 105. lob .  

dReferencen for this  roup of symptoms: 

ePlatelet count drops to aero .  
fCcanulocyre count drops LO zero. 

gLymphocyte count drops to zero. 
hReferences far this group of symptoms: 

19-82. 85, 95.  101. 105. 106. 108. 

'Severe intestinal damage. 

'References for this event: 

'Renal failure. accordins co Ref. 98. 

b .  7 ,  14, 15, 21. 22 .  33, 4 7 ,  50,  b2,  
65. 67, 7 1 .  76. 79-82. 85,  87. 90, 95, 101. 105. lob. 

7 .  14. 15. 13, 5 0 .  61,  h5, b 8 .  75. 76. 

4 ,  14,  61. 81, 98. 
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Table 9.  Symptoms for dose range 3000 to 4500 rads (cGy) free-in-air. 

NJ"SePa 

Vomiting 

Anorexia 

Diarrhea 

(retching) 

(Cramps) 

Fatigueb 

Weakness 

Hypotension' 

Dizziness 

Disorientation 

Bleedingd 

Fever 

Infection 

Uleerat ion 

Fluid losslelectro- 
lyte imbalaneeg 

Headache 

Fainting. 

Proatration 

Deathh 

, I t  , , , / ,  

100% severe 

100% SeYere 

Y -30% severe 

E IOWZ severe 

100% SeYeTe 

C- 100% severe 

C--lOO% BeVere 

1 0 0 1 4  

100% 
severe 

+loo%-( 

I 

severe 

'References for this 8r'oup of symptoms: 6. 7, 14. 15, 21, 22. 42. 44, 50. 62. 
65, 71, 76, 79-82, 85. 87. 90, 5 5 ,  101, 106, 108. 

bReferences for this  group of symptoms: 

'References for this group of symptoms: 

6 ,  7. 14, 15, 21. 22, 50, 62. 6 5 ,  71, 

14, SO, 61. 71, 76. 79, 80, 82. 8 5 .  87, 

76, 79-82. 85. 87, 90. 94, 95. 101. 105, 106, 108. 

94. 95, 101, 105, 108. 
dReferenees for this group of symptoms: 7, 14. 50, 61. 71, 75, 76. 79-82, 85. 

87. 94, 95,  101, 105, 106, 108. 
%anulocyte count drops to zero. 

fLyzphoeyte count drops to zero. 

'Reference. for this group of symptoms: 

hReferences for this event: 

1 4 ,  15. 3 3 ,  50. 61, 62, 71, 75, 76. 79. 
ao. 82, 8 5 ,  87. 95, 101. 105, 108. 
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With regard to dose, our symptom descriptions (based largely on 

the experience of persons who received medical care) are somewhat less 

applicable but still reasonably relevant to combat personnel exposed 
to doses at the lower end of our 75 to 4500 rad (cGy) range. The de- 

scriptions become increasingly applicable as dose increases. 

With regard to postexposure time, prodromal symptoms are similar 
in both therapy patients (before steroids) and unpremedicated accident 

victims. 
the experience of accident victims and atomic bomb survivors. 

the authors believe the estimates of symptom onset and duration given here 
apply reasonably well to battlefield personnel. 

The descriptions of manifest-illness symptoms draw mainly from 
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Vomiting is a complicated reflex between the central and autonomic 
nervous systems. Integrated in the medulla oblongata, the reflex is 

initiated by chemicals transported in the blood, impulses carried by 

autonomic fibers from abdominal organs to the medullary center, and the 
higher brain structures, including the cortex. Experiments by Chin and 

Wang identified the medulla's chemoreceptor trigger zone as the main 

source of postradiation nausea and vomiting. 

* 

t 

Thus, the prodromal gastrointestinal reaction, at least for doses 

up to 4500 rads (cGy), seems to result not from direct radiation effects 

on the nervous system but from chemical compounds acting mainly on the 

medullary trigger zone.* It is thought that those chemical compounds 

are released from damaged cells of primarily lymphoid and bone marrow 

tissues. The cellular debris reaches a maximum at 8 to 12 hr post- 
exposure, and is cleared by fixed and free macrophages 24 to 48 hr post- 

exposure. It has been suggested that disintegration of the lymphoid 

tissue is a cause of all prodromal reactions. If so,  phagocytic ac- 

tion may be largely responsible for limiting the duration of the pro- 

dromal phase for doses up to about 1500 rads (cGy). At doses of 1500  

rads (cGy) and above, the metabolic breakdown of cells, proteins, and 

amino acids can release uric acid. Without the administration of intra- 

venous fluids to maintain the proper pH level, uric acid crystals can 
precipitate in the urinary system. 

** 

tt 

++ 

MANIFEST-ILLNESS PHASE 

The later o r  manifest-illness phase is dominated by the hemopoietic 

and gastrointestinal syndromes. Much higher doses are required to ini- 

tiate the gastrointestinal syndrome than the hemopoietic syndrome, but 

when both are present the compounding effect can be severe. 

* 
Reference 16. 

'Reference 24.  

$References 24 ,  44 .  

ttRef erence 44.  

**Reference 8. 

** 
References 36, 44 .  
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few bacteria that do escape are soon inactivated by granulocytes or 

specific antibodies. The radiosensitive mucosal stem cells in the 

crypts have a rapid turnover rate, producing mature, nondividing, dif- 

ferentiated cells that migrate to form the functional mucosal lining. 

Having a lifetime of several days, those mature mucosal cells are pro- 

gressively shed and not replaced when radiation kills the stem cells 

in the crypt. The result is breakdown of the mucosa and ulceration. 

As the mucosa breaks dawn, large amounts of bacteria can enter the 

bloodstream. 
of granulocytest in the wake of radiation-caused damage to the bone 
marrow, so fever and infections are a consequence. 

* 

They go unchallenged because of the curtailed production 

4 

%en below the lower dose threshold cited above, at doses of about 

450 to 1200 rads (cGy), temporary injury to the tight junctions between 

epithelial cells of the mucosal lining can permit the discharge of large 
amounts of molecular pyrogenic bacterial endotoxins into the blood- 

stream. At doses of 1050 to 1500 rads (cGy), the epithelial lining 

is more extensively depleted, and death results from septicemia within 
tt 2 to 3 weeks. 

** 

With doses of about 1500 to 2250 rads (cGy), denudation of the 

mucosa, particularly i n  the small intestine, leads to septicemia from 

gram-negative bacteria entering the bloodstream. '* Beginning at doses 

of about 1900 rads (cGy), the septicemia is complicated by dehydration 

and electrolyte imbalance, resulting from exudation through the ex- 

tensively ulcerated intestinal mucosa. Nutrition is lost because of 

impaired intestinal absorption, and infections are uncontrolled because 

of the complete bone marrow aplasia and subsequent pancytopenia. 

*** 

ttf 

* 
tReferences 7, 65, 107. 
'References 13, 85. ** 
ttReferences 42, 50, 65, 81. 
**References 14, 33, 85. 

References 14, 85. 

Reference 16. 

*** 
References 31, 64, 85. 

tttRef erences 14, 85. 
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About 10 percent of the patients developed diarrhea soon after ir- 

radiation. More developed diarrhea 1 to 7 days after exposure. Fatig- 

ability during the first 24 hr might be related to fluid loss and 
electrolyte disturbance. Thereafter the patient might feel better tem- 

porarily, but usually after 3 or 4 days diarrhea developed. At the same 

time, a sense of easy fatigability, apparently unrelated to fluid and 

electrolyte changes, sometimes returned to become a major complaint. 

The oropharyngeal mucosae became reddened and sore 1 ta 3 days after 

exposure and subsequently ulcerated. The condition took about 3 weeks 
to disappear. About 75 percent of the patients developed oral infections, 
owing not only to the ulcerated mucosae but also to leukocytopenia and 

immunosuppression. These infections became apparent as soon as 3 days 

after imadiation. The most common were fungal (thrush), but bacterial 
and herpes infections were also seen. Bacterial infections would prob- 

ably have been more common except that patients were given antibacterial 
drugs. 

Bone marrow suppression was indicated by increased susceptibility 

to infections and bleeding (e.g., of the gums) several days after expo- 

sure. If the patient had a preexisting infection, however, total-body 

irradiation was usually fatal, sometimes during the first postexposure 

week. Bone marrow grafts did not help. 

A generalized erythema appeared as soon as 1 day after irradiation 
though usually later. It persisted for as long as 2 weeks and was some- 

times associated with perineal irritation and itchiness. Beginning 7 to 
10 days after exposure there was a temporary incomplete loss of hair. 

Sweating appeared to decrease in some patients. Though that phe- 
nomenon has not been adequately investigated, we can make a few ohserva- 

tions. Inhibition of sweating seems not to present a serious problem in 
usual X- or gamma-ray treatment. 

to spare the skin, and only small surface areas are irradiated. Inhibi- 

tion of sweating could be lethal if large single doses are delivered from 

sources that do not spare the s k i n .  Electrons were used to treat the 

total skin surface of a group of patients with mycosis fungoides. Pene- 

trating only -1 cm below the skin, the electron radiation was equivalent 

The energy of the beam is high enough 
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