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Because of t h e  regiuired prolonced per iod of stltdy, new data on the  

long-term ei ' fects of ewosure  of man and e x p e r h e c t a l  animals  t o  i o n i z k g  

radiation are accumulated slowly. Because the  problem is under continuing 

review by various s c i e n t i f i c  cammittees, t h i s  paper is concerned pr imari ly  

w i t h  t h e  following questions:  

t i o n s  cons is ten t  with one another?  

hllmnn and experlmental atudies? 3 )  Are the method8 uaed In lnterpolatlon t o  

r i s k  a t  low doses and doee rates .both i n t e r n a l l y  cons i s t en t  and c a w i s t e n t  

w i th  well-established p r i n c i p l e s  of r ad ia t ion  biology? 

1) Are t h e  data fram t h e  var ious human popula- 

2 )  Is t h e r e  general  agreement between t h e  

Studies of the  Japanese surv ivors  of t h e  banblngs, patients who were 
. , - .  _ -  i , . , . - 7 -  A i ,ul~ r -  ,eo 1'01- L,-.:j-l.;:iCg spondyli5ls 1c ~ r e z t  ErLXLin an6 - ,o r tnern  Ire+cZ, 

and r a d i o l o g i s t s  and t h e i r  t echn ic i ans  give evidence t h a t  i s  samewhat conf l ic t iny .  

The reasons for  this lack of consis tency should be considered. 

On t h e  basis  of animal experiments one would expect llfe shortening in 

i r r a d i a t e d  human popuiations, as i n  a l l  the  s tud ies  where high r ad ia t ion  doses 

have been enTloyed, ',he animals have shown a loss  of longevi ty .  It is riot c l e a r  

t hen  xk;. tks s a x  I';r e f f e c t s  of r a d l a t i o n  an lor;e-,i;y in man a r e  c o c : ~ c ; : c ; .  - q -  . 

The e f f ec t  of l o u  t o t a l  doses has not  been extensive1.y inves t iga ted  be- 

cause t h e  sample sizes needed are 80 large t h a t  t h e  experiments are not f e a s i b l e .  

There are sane cases where it appears that certain cancers may be increased by 

doses of a few h x d r e i  rads, b u t  t h e  y i e l d  t o  date  i s  i n s u f f i c i e n t  t o  ?!>;e 2 

r i s k  est imete .  

The ant ic ipated e f f e c t s  of r ad ia t ion  i n  the  low dose range are based oc 21? 

i n t e r p o l a t i o n  between t h e  observed e f f e c t s  a t  high doses and the  con t ro l  o r  zero 

dGSe <m,.2 - .  

between p e n a t z l  exposure t o  low x- ray  doses and childhood tumors, and have 

--AL-den_ce. ?,ctrcs;ecti~se s tudies  %--.-? ~ 1 3 0  been >eSo-?.e< cr'. ~ 1 . 2  r?--.:-:-- 
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been negative.  

ch i ldren  nentioned abo;re were e n t i r e l y  incomrat ible  with s in i la r  studies 

per:".--; 

i s  i c  d o l b t  a t  ?re;mL, azd f u r t t e r  work i; needed. 

Furthermore, re t rospec t ive  s t u d i e s  perforned on the  rrezatal. 

t: c? Ci; -r.tl:t  ;.;.PIC: r i z 5 h i .  It .,?e!~ :'Air ;to s a y  tt,: t1.5 :saue 

The Japanese s tudies  lead t o  t h e  conclusion t h a t  f o r  gamma rays de l ivered  

a t  h i @  dose rates t h e  dose-response curve must be c u r v i l i n e a r  d t h  increas ing  
,A- 

slonat  increas ing  doses, s ince t h e  low doses  y i e l d  a s m a l l e r  proportion of 

m u l t i h i t  i n j u r y .  
8 

Cer ta in  general pr inc ip les  have emerged from animal experimentation t h a t  

are cons is ten t  with t h e  da ta  f o r  human populat ions.  Among them are: Rot a l l  

tumor types are radiation-inducible;  t h e r e  i s  usua l ly  a marked decrease in ef- 

fect iveness  of gamma rays when t h e  doses are pro t rac ted ;  t h e  various r sd i a t ion -  

inducib le  tumors have qui te  d i f f e r e n t  dose-response curves: neutrons t i n d  t o  

be more e f f e c t i v e  on a dose-for-dose bas is  than  gamma rays;  and i m m a t a  

ani-1_7_s -.._jr -+?"e -?--si+: 'e  thq-. 3-2..1_'--, 

It must be noted that in t h e  methods used by committees t h a t  recanmend 

exposure s tandards there are two pr inc ipa l  . inconsis tencies:  

dose rate e f f e c t s .  Radiation protect ion guilles a r e  given in terns of dose 

rate, i . e . ,  so many millirem per  year. Y e t ,  i n  derivir;; upper limit est imates  

of r i s k  f o r  late ef fec ts ,  no c red i t  f o r  dose rate is adnitted. 

incprs l s tency  sriees f?~r ?.s 3 '  ~.i?- h?~!: .r?,lQes of relz:l.ie blolr , ; iczl  effect 

( R E )  t o  high l i z e z r  e x r g  t r ens fe r  (LET) r-die:iocs. 

l inear ly  wlth dose of low LET radiation, and t h e r e  i s  no dose rate effect, then 

it follows t h a t  t h e  relevant in jury  i s  produced ?rincip-.:ly by s ingle-3 i t  

events .  If t h i s  i s  t rue ,  then the B E  f o r  high LET r ad ia t ions  should be less 

thar  u n i t y ,  s ince  most of t h e i r  ion izs t ioaz  ; o d d  be wasted. The Pxccssistency 

i s  t h e  zssuTption of l i n e a r i t y  a t  high dose r a t e s  and no dose r a t e  eff'ect f o r  

low L- ZLaiatior,. 

The first concerns 

A seccsd 

I f  r i s k s  in&e.-se 

_ _  

I n  the  case of both of these inconsis tencies ,  same modifications of t h e  

c o r d l i c t i a z  prwnises would see2 t o  be icdics ' ,el .  



Ir a sur-iey of two cf t he  world's 1ezXz; hiyh-ne;*,rsn-fl-ix research 

r e a c t o r s ,  A. H. Sne l l ,  assoc ia te  d i r e c t o r  i n  chzrge of basic phys ica l  

sc iences  a t  Oak Rid,;e 3 a t i o r s l  k b o r a t o r y ,  s t a t e d  tnat in t he  i'Lve years 

s i n c e  they  were b u i l t ,  both r eac to r s  have demonstrated that high-flux 

r e a c t o r s  can provide otherwise unobtainable in fomat ion  f o r  a great deal 

of research  i n  t h e  transuranic,elements,  i n  nuclear  physics,  and pa r t i cu -  

laply i n  solid state physics.  

The two reactors under discussion are t h e  High Flux Beam Reactor (HFBR) 

bui l t  a t  Brookhaven N a t i o n d  Laboratory i n  1965, and tbe Oak Ridge High 

Flux Isotope Reactor (HFIR) which went c r i t i c a l  i n  1966. 

I n  t h e  past year, S n e l l  said, t h e  H F J 3  hae produced a record amount 

- L ~ ~ g e  3s :he ;r:xi?le .. 

, 
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provider of t h i s  isotope. 

I n  eva lua t ing  their f i rs t  few years  01 performance, S n e l l  d i f f e r e n t i a t e d  

between t h e  two f a c i l i t i e s  by saying t h a t  t h e  Brookhaven Reactor uses  its 

high  neutron output p r i n a r i l y  f o r  ex te rna i  C e m s ,  i n  vnich solid state and 

low-energy physics research i s  mounted. 

extre3el j -  h i g h  (u; t o  1.2 Z/CT ( ' ssc)  re2:tr;n f l u x  dire?:& tovard Tts 

cen te r  t a r g e t  area, was designed pr imar i ly  'io produce transplutonium 

The Oak Ridge reac tor ,  with i t s  
( 2  

isatopea. Both reactors operate by burning uraiiium-235, i n  a fuel cycle 

of about 19 days. 

The HFIR began in i t s  ea r ly  ;-r3ars b m k r d i n g  t a r g e t s  rr-ade of plutonim-2k2 

provided by t h e  Savannah River Laboratory. 

curium-244. 

Recently it has  started us ing  

I n  c rea t ing  new elements and new isotopes,  HFIR provides a 

basis fo r  research in many sciences and many laboratories. As sources of 

T..: 2tror.3, t3e T I R  isotc1;es ccns%i',xte re:r-.-rc? :g%?r5--Lz of T I : - %  .~ ~ 2 - c  -.--' ..__.L 

appl ica t ion ,  Snell pointed out.  
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One of t h e  neutron beam; from the  Brookhaven r e a c t o r  i s  r i c h  i n  

neutrrsriz w i t h  encr,;ies above the most comon thermal energies. 

bearl i s  s en t  through a th ick ,  s l o t t e d  r o t o r ,  so t h a t  it i s  cnop~ed Lr i to  

successive pu l ses  of neutrons. After a f l i g h t  pa th  of some meters, t h e  

neutrons are sorted as t o  energy by t h e i r  t ime of a r r i v a l  a t  a remote 

de t ec to r .  

for resonance capture  s tud ie s  when appropriate samples are interposed. 

Canbined as it i s  with t h e  modern technological  innovations of on-line 

ccmputers and high r e so lu t ion  rad ia t ion  de tec to r s ,  it offers a highly 

sophis t ica ted  arena of study f o r  nuclear phys i c i s t s .  

This 

This arrangement furnishes a wealth of experimental information 

Sources of slow neutron beams, aaid Sne l l ,  are of great value to the 

, . . . 7  

3 , - . c .  - A . . : - -  - - .  ,oL;:-S".:e - c  T1-:,-3iC;: < . e . ,  :he SC,LldY cr' t h e  s to r - i c  sL,I-,cr,;~4 c: 

high-purity c r y s t a l s .  Three cha rac t e r i s t i c s  of these  Seams made this so: 

enabling the neutrons t o  be used f o r  s t r u c t u r e  ana lys i s .  Second, t h e i r  

e2er;ic; ',re c o q a r - i l e  with the  atomic b ind ing  eaerg ies  ic CrystLis, 

enabling then t o  e x c i t e  cha rac t e r i s t i c  l a t t i c e  v ibra t ions .  And t h i r d ,  t h e  

m z s e t i c  m r e x t  ,~ r '  t 3 e  neutrons 5erxLts i n t e r a c t i o n  -di%h atoms of ;z,rz..eg- 

n e t i c ,  ferrcxnagnetic and antiferromagnetic substances, reveal ing magnetic 

s t r u c t u r e s  and l a t t i c e  dynamics associated with magnetic ac t iv i ty .  

Both of t h e  research reac tors  make use  of triple-axis spectrometers, i n  

which the neutrons are f i r s t  intercepted by a monochromating c rys tz l  which 

s e l e c t s  only those  of a spec i f ic  energy; t h e  se l ec t ed  neutrons then l iqinge 

on t h e  sample under study, s i tua ted  on t h e  second axis. 

from this sample, they are analyzed f o r  both d i r ec t ion  and energy by a 

t h i r d  c rys tz l  on s t i l l  ar,other ax i s .  The i n t e n s i t y  of t h e  bezns, 3 - ? 1 L  

pointed out, permits u s e f u l  counting rates even after t r i p l e  scat ter ing.  

As they sca t t e r  


