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CHAPTEB I 

This r e p o r t  compiles In a somewhat r rbbrevhced f a s h i o a  t h e  bulk 

of  t h e  r a d i o b i o l o g i c  r t u d i e s  c a r r i e d  o u t  v i th  j o h t  (AEC) ERDA and NASA 

suppor t  dur ing  t h e  y e a r s  1964 t o  1974 a t  t h e  Medical  D i v i r i o n  of Oak 

Ridge b a o c k t e d  U a l v e r s i t i e s .  T h e i r  ternination vas d i r e c t e d  by a 

decreased urgency on t h e  p a r t  of NASA f o r  b r o a d l y  focused human 

r a d i o b i o l o g i c  d a t a  and oa t h e  p a r t  of ERDA f o r  A r e d i r e c t i o n  of ORAU'a 

Medical Div is ion  e f f o r t s  avay f r w  r a d i o t h e r a p y  tovard  occupat iona l  

medical  problana t h a t  a t e  being  genera ted  by t h e  i n c r e a s i n g  demand. f o r  

energy from noa-auclear rources .  

Tha phys io logic  dAtA genera ted  by t h i a  r t u d y  v e r a  r i m i l a r  i n  many 

vayr  t o  t h o r e  prev ious ly  obsctved in o t h e r  medica l  r a d i o b i o l o g i c  

experieacer .  They d i f f e r e d .  hovever, in t h e  methods of  d a t a  a c q u i s i t i o a  

and analyr i l .  I n r t m d  of mote convent iona l  a n a l y t i c a l  methodr. p U h O n A r j  

impedance VAS recorded m d  qUAnt!tAted ar a n c a s u r e  of radiat ioa- induced 

. g s a t r o h t e r t i P . l  d i s t r e s s  and f a t i g u a b i l i t y .  

yhile r c f i n a n c n t r  in dose r e s p o a r e  r e l a t e d  t o  g a a t r o h t e r t i n a l  

d i s t r e s s  vera accomplirhed ve a l s o  fould  t h a t  through t h e  u s e  of Four ie r  

r r u l y r i r  of pulanasry impedance v a v e f o m  GI d i a t r e s a  could  e a s i l y  be 

racognized and q u a n t i f i e d  m e n  when t h e  h i t i a l  r t a g e s  of MU.U v e r a  

bel- tho r u b j e c t r  r u b j e c t i v a  level of r e c o g n i t i o n .  Our r e r u l t r  d m o n s t r a t a  

t h a t  ch.Pga in p u b a n a r y  k p e d a a c c  v a v e f o n  c l o s e l y  p a r a l l e l  ve l l -def ined  

r t a g e r  of GI dia t re r r r .  i . e . *  i n i t i a l  nauaear  a p r o g r e s s i v e  i n c r e a s e  in 

ruurc . ,  and f i n a l l y  vomit ing episode.. Thcse rtages of GI d i r t r e a r  a r e  



s b i l a r  vhen induced chenica l ly  o r  by exposure t o  ionizing rad iac ions  

aichough char fnduced by r a d i a t i o n  is o f t e n  sudden in onse t  and l i t t l e  

nausea ~ a y  proceed t h e  a c t u a l  m e t i c  episode. Throughout the  s tudy 

per iod ,  pulnonary h p e d a n c e  v a v e f o n  a n a l y s i s  never f a i l e d  to recognize 

radiacion-induced GI d i a t r e s s .  P l n a l l y ,  t h e s e  d s r a  derronsrrate chat  

r e a l - t h e  AndlySlS of G I  s t a t u a  v f t h  cont inuous d a t a  update can be  

a c c ~ ~ p l i a h e d  using Four ie r  analysis of the  p u b o n a r y  inpedance v a v e f o m  

monitored from a remote, i s o l a t e d  environment. 

A t t ~ z p t e  t o  measure and quant i fy  radiation-Fnduced phys ica l  

decondi t ioning using pulnonary inpedance v a v e f o m  a n a l y s i s  were not  a s  

c l e a r l y  de l inea ted  as i n  t h e  case u f  g a s t r o i n = e s c f n a l  d i s c r e r e .  P u h o n a r y  

impedance measured before ,  during,  and a f t e r  c o n t r o l l e d  e x e r c i s e  scree8  

(ergomeerg) c o r r e l a t e d  very  v e l 1  with p e r i o d s  of p h y s i c a l  a t r e s a .  

Increased  r e s p i r a t o r y  denand during submu-1 u e r c i s a  atrecla vas 

a c c w p a d e d  by increased  p u t o n a v  b p e d a a c e  v a r i a n c e  and w i t h i n  acres. 

p e r i o d s  ua Fncresre  or decrease  In workload van accompanl=d by r e s p e c t i v e  

s h i f t s  in p u l n o n a q  impedance waveforn. Hovever, u p o s u r e  t o  ionizing 

r a d i a r i o n s  r e s u l t e d  in amplif ied ( increased)  p u h o n a r y  bpedance  var iance  

i n  over  802 of chose humane s tudied although t h e  e r g w e c r i c  vorkload 

r m i n e d  unchanged. Thus, it vould appear c h a t  W o o u r e  t o  r a d i a c i o n  

r e s u l t e d  in F a c t u s e d  r e s p i r a t o r y  danand t o  perfom a t  a cons tan t ,  non- 

varying vorkload. h u l y r i a  of card iac  r a t e  dur ing  c o n t r o l l e d  u e r c i s e  

acres8  fn c o n t r o l  volunceera and t h c r a p e u c i c a l l y  l i k e v i s a  denonatraced 

increased  response in over 70I of those  p a t i e n t s  vho p a r t i c i p a c e d  i n  t h e  

acudy. Ue b e l i e v e  t h a t  t h e s e  amplif ied c a r d i a c  r a c e s  a r e  i n d i c a t i v e  of  

d i a i n i s h e d  card iovascular  e f f i c i e n c y  s i n c e  vorkloads v e r e  non-varying 



3 

throughout each pacienc s tudy per iod .  

t h a t  v e n o d i l a t i o n  nnd decreased venous ccerpliance occur  during e a r l y  

p o s t i r r a d i a t i o n  per iods  (hours  t o  s e v e r a l  days)  a pooling of blood i n  che 

venous s y s t u  could account f o r  increased  c a r d i a c  r a t e s  and Fncreaeed 

pulnonary imbcdance ( increased  u e d f a s t i n a l  blood mas) p o r t i r r a d i a t i o n .  

E f f o r t s  t o  model t h e s e  d a t a  w i t h  t h o s e  of o t h e r  phyr ica l  

S ince  sone r a d i o b i o l o g i s t s  b e l i e v e  

decondi t ion ing  e x p e r b e n t s  l e d  t o  O2 c o n s E p t i o n  meaiurasents .  

b e d r e a t  aa a t y p i c a l  model we found that a remarLsbla s f d l n r i t y  cx i sca  

becveen t h 8  decrenenc C P U d C  by 21 dhyr of b e d r e s t  and exposurr t o  100 R 

i r r a d i a t i o n .  

in t h e  tias per iod  between developing our  c a p a b i l i t y  f o r  O2 conrunption 

mearurwcnt  and t h e  t e r n i n a t i o n  of t h e  i n p a t i e n t  therapy  progran of  our 

Divi  s ion. 

UeFng 

Urifor tunrtely,  we were a b l e  t o  r t u d y  only  one chcrnpy p a t i e n c  

The lnpor tanc  querc ion  remaina unanavered as t o  whether o r  n o t  

radiat ion-induced p h y r i c a l  decondi t ion ing  and t h a t  induced by bedres t  

(weightlerrncsr) a r e  a d d i t i v e .  

vould b e  lovered  a8 mission l e n g t h  wea i n c r e ~ r a d  unless strong counter- 

measures were ured t o  prevent  o r  r e t a r d  zero-C decondi t ioning.  Another 

facet of this phyrfo logic  problaa  t h a c  r m a i n r  t o  b e  considered i r  v h e t h c r  

t h e  level of p h y s i c a l  t r a i n i n g  (vlgoroua in a r t r o n a u t d c a n  a f f e c t  the  

dcgraa of p h y r i u l  decondi t ion ing .  

sugges t  ChhE t h e  wel l -condi t ioned l n d i v i d u a l  z a y  r e a c t  more rcroagly and 

recover  = r e  r l o v l y  th. 

a f t e r  r s d k c i o n  e x p o w r e  us ing  coacro l led  u e r c i s a  r c r e a r  ln phyr ica l ly  

t r a i n e d  nnd unt ra ined  ponies  r u p p o r t s  t h i s  sugges t ion  in that tha  

condi t ioned ~ n h h  responded wi th  a g r e a t e r  degree  of  d e c r a e n c  c b n  t h e  

I f  they  are the th reshold  r a d i a t i o n  dore  

Soma s c u d i r s ,  needing PO ba c o o f i n 8 d t  

a non-conditionsd per ron .  Our r tudy of pcrfo-nca 

$ 
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uncondi t ioned ones. The biochemical n e c b n i m  underlying t h i r  phenoaenw 

need t o  b e  r tud ied  without  necesaa r i ly  any r e fe rence  t o  r a d i a c i o n  

u p o a u r a  because of its gene ra l  a p p l i c a b i l i t y  t o  everyday l i f e  * A  w e l l  AS t o  

i r r a d i a r i o n  A s  it approaches about one t a d  p e r  day. 
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rheac arudies are. of courae, n o t  to bo considered d r f i 3 i t i v o  c d  

Only chmgk.7  p r i o r i t i e s  without need f o r  s u b a t u a t l a c h  m d  u t ~ ~ i ~ n .  

plrcea  thcn, 'in our o p h i o n .  on ":he back burner" far  the munent. 

8. c. pick. 

C. C. Luthbaugh 
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1L 1 i~ 
The objecc iva  of this scudy VAS t o  glean f r a  h-n a c c i d e a t r l  ., 

m d  t h e r a p e u t i c  irTadiAtiOn case histor icr  all p e r t i n e n t  r a d i o b i o l o g i c  

, i n f a r , t i o n  f o r  r u p p r a i r s g  and Fnprwing our h o v l e d g e  of man's 

r a d i o a e n s i t i v i r y .  

scud7 of total-body i r=adiac ion  as a t h e r a p e u t i c  m o d a l i q  f o r  h u x u  

blood d y s c t s s i a s .  

c l h i c r l  aapec ts ,  thL7 U S A  acudy vas d i r e c t e d  toward a t r ac t -  musur -  

a b l e  f n f o ~ c i o n  on b i o l o g i c  m d ? o f o t s  of r a d i a t i o n  e f f e c t s .  

that rece ived  M J O ~  6 Q h S . f .  were: 

CffLCtJ, d o s k e c q ,  and physfo logic  o o n i r o r h g  f o r  p e r f o r v n c a  d e c r m e n t .  

Thb s tudy  was coopera t ive  w i t h  an LRDA supported 

1 

mere the AECJEiU3A study concerned itself v i t h  i 
L 

Scudy area. 

h c u t o l o g y ,  g a a t r o i n c e s c 4 s l l  a i d e  

I 

I 
1 

1 
Tbe need for more q u r n c i u c i v e  infomation on the e f fec t s  of lou 

r a d i a t i o n  doses  and l a u - d o s t r a c a  exposures was generated by M A  p r o g r m  

plrrrning that imo1v.d named apace flights. The plana for rpaca 

h b o r a c o r i e r  w a n d c d  the n l r b e r  of persons at r i s k  from t h e  1ov dosea 

of nscural space  r a d h c i o n  and included the p a s s i b i l i q  that an a d d i e f o r u l  

r i s k  a ighc  ar i se  f r o m  n m d c  r a d i a t i o n  a s a o c b t e d  v l t h  the use  of n u c l e a r  

power gcneratislg syatmr. Our s t u d f e s  were intended to rcrengchcn the  

confidence we p r e s e n t l y  have in ou: Lnovledge of  Yn's a b i l i t y  t o  t e p 6 i Z  

r a d i a t i o n  d-ge so t h e  E D A .  HRC. M A ,  and ocher  g w e r m e L t a 1  ag-cies 

could e s t a b l i s h  sonoccupot tonai  p e ~ i r r l t r l c  r a d i a t i o n  q o s u r s  IrveiA m d  

c o n c i n u r l l y  r r v i e u  urd updace U S A  O C C U ~ A ~ ~ M ~  c a r e e r  : b i e r  f o r  r a d i r c i o a  

w o s u r a  of ASC~OTUUCS A. requi red  f o r  engincer iag design of advanced 

4 E '  1 ;  1 

a 



7 

I 
I 
I 
S 
I 
I 
f 

f 
H 

!li 

high  and lov dose rates is groving s u b s t n n t h l l y ,  it is as y e t  Inadequate  

f o r  d e r i v i n g  donelresponse equation8 t h a t  ~ 1 1 ~  high-confidence 

p r e d i c t i o n s  of t h e  anount of a c u t e  and c h r o n i c  dkvlge that can be  u p e c t e d  

€roo -11 doses t o  t h e  t o t a l  body o r  i t s  p a r t s .  

e s t z u c a  e f f e c t s  from u t r m e l y  lw u p o s u r e s  accumulated over  long 

p e r i o d s  of time on the b a s i s  of s t u d i e s  of  h i g h  exposure sus tn ined  in 

s h o r t  p e r i o d s  of t h e ,  d e r i v e  a11 of t h e i r  j u 8 t i f i c a t f o n  frm r a d i o b i o l o g i c a l  

s t u d i e s  of l o v e r  mdn~ls ( c h i e f l y  mice). 

after a 5 t o  LO rad  dose, f o r  eX.smp1e. t h e  p r o b a b i l i t y  of  A sartou. 

consequence occurr ing  la an i n d i v i d u a l ' s  l i f e e k e  is ao 1ov t h a t  

t h r e s h o l d  concept  1. v a l i d  f o r  p r a c t i c a l  r e g u l a t o r y  purpomes. 

VAS l i m i t e d  on previoua c o n j e c t u r e s  concerning t h e  levels of r a d h c i o n  

that could  use d e t r i n e n t a l  human r e a c t i o n s .  The i n h e r e n t  d i f f i c u l t i e s  

in evalua t ing  v o l m i n o u s  c l i n i c a l  d a t a  containing numerous v a r i a b l e s  

however have nov been l a r g e l y  overcome. Hodern r e s e a r c h  methods using 

computers v i t h  l d r g e  nanory i t o r a g e  capacity have c a b l e d  us  t o  c o n s t r u c t  

s h m n  r a d k t l o n  injury d a t a  bank conta inkrg  c l i n i c a l  d a t a  f r a n  mare 

than 3000 human total body l r r a d l a t i o n  u p o s u r c s  la t h e  t 'n i tcd S t a t c a .  

n e s e  charts have been e x t r a c t e d ,  encoded, m d  v e r a  m d y z e d  by modern 

m a t h a t i c a l  e l e c t r o n i c  conputer  nechods. Tha Oak U d g e  rC.soclated 

U n i v e r s l t l r r  ( O M )  patient s t u d i e s  obta ined  in 0 r a d i o t h e r a p e u t i c  prOgrm 

since 1957 m d  a d d i c i o a r l  hrrnan r t u d i e s  (?. 3000 c a s e s )  ob ta ined  f r o a  ocher  

h o s p i t a l  c e n t e r s  v i t S  r l a i l a r  s t u d i e s  v e r e  incorporaced i n t o  a study KO 

d e r e n i n .  dose rdAt iOn8hipa  Ln wm f o r  A U O r U l A ,  -us-, Vamitcrg, 

d i r r r h c s ,  f a t i g u e ,  vcighc l o s s ,  f e v e r ,  e r y t h m a ,  epilatxou,  l p p h o p e n i r .  

g r m u l o c y t o p m h ,  m d a ,  thrambocytopenh,  c y t o g e n e t i c  d-ge. decrcased 

E x t r a p o l a t i o n s  t h a t  

Some observa t ion0  i n d i c a t e  that 

Confidence 
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r e s b c a n c a  t o  i n f e c t i o n ,  decreased antibody r y u t h e s i a ,  increased  aging, 

ud carcinogenesis .  The v a h e s  v e r t  assessed f o r  degree of c l i n i c a l  and 

m a t h m a t i c a l  confidence t o  pernit  t h e i r  use  In predicfng  -'I reaction 

t o  t h e  rmblrnc r a d i a t i o n s  of space. and t o  d i r e c t  f u r t h e r  c lFnica1  

u p l o r a t i o n  00 t h e  e f f e c t  of i o n i r i n g  r a d i a t i o n  upon cancerous and n o m a 1  

processes .  

M d i t i o d l y ,  t h e r e  vera n u l t i p l a  r w n s  f o r  t h i s  s tudy  o v e r a l l .  

Therapeut ic  total-body i r r r d b c i o n  is e f f l c a c f o u  in c o n t r o l l i n g  s a e  cases  

of leukanmir and l F p h a n a  and m e l i o r a t i n g  rymptoms Ln others .  The p o s s i b i l i t Y  

that lov dose r a c e s  may f a v o r  r e p a i r  of n o r ~ a l  t b r u a  in c o n t r a s t  t o  

malignant processes  had noc b e m  evaluated in t h a  p r e s e n t  modern e r a  of 

radiotherapy and radiobiology;  we proposed EO t e d t  t h i s  hypathesis v i t h  A 

r a d i a t i o n  f a c i l i t y  producing an i s o t r o p i c  f l u x  of u n i f o r n  r a d i a t i o n  g i v i n g  

low r a t e s  of exposure. a i s  i r r a d i a t o r  was large enough f o r  p a t i e n t s  t o  

l i v e  in comfortably f o r  s e v e r a l  v e e b .  Because of u p a n d i n g  progracrs in 

nuclear  energy and space exploration, t h e  need VAS mora &cute  than ever  

f o r  d a t a  der ived  d i r e c t l y  by observat ion of u ' s  r e a c t i o n  r a t h e r  than 

ass-ed from ur-1 s t u d i e s .  The r n t r o s p e c t i v a  a c c m u l s t i o n  of such d a t a  

as v u  a v a l t b l a  shoved t h t  tha o l d  data aufferod  from l a c k  of modern 

dosimetry, tiasua depth  dose knowledge, b iased  record ing  of  s ~ p t ~ t o l o g l r ,  

m d  incmplecs urd inaccurate records. ? a l l y ,  t h e s e  addi t ioarr l  rmbiased 

c l i e i c a l  obrarvacioru v a r e  s o r e l y  needed t o  defend u i s t l -  c n v i r o n e n t a l  

urd o c c u p a t i o a r l  r a d i a c i o n  exposure c o n s t r a i n t s  fro= a t r r c k  by v e l l - a u n i r r g ,  

b u t  lmpracc lcr l ,  cheoriacs .  
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