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A United S t a t e s  b i o l o g i c a l  researcher  today pointed ou t  t o  a n  

international audience t h e  need for add i t iona l  r e sea rch  on r a d i a t i o n  

e f f e c t s  because of apparent  i ncons i s t enc ie s  and incomplete d a t a .  

Dr. John B. S t o r e r ,  of Oak Ridge National Laboratory,  f i r s t  

explained a t  t he  Fourth United Nations I n t e r n a t i o n a l  Conference on 

t h e  Peaceful Uses of  A t o m i c  Energy a t  Geneva, Switzerland, t h 8 t  d a t a  

regarding long-term e f f e c t s  of r a d i a t i o n  accumulate slowly because 

observat ions mst be made over  long periods of time. Hawever, he uoted, 

based on c u r r e n t l v  available d a t a  t h ? . r z  3r-- a q - s r 2 - t  i r c o ~ s i s t e ~ c i e ~  2 - l  

inadequacies r e l a t e d  t o  comparisons between human groups,  comparisons of 

humn and animal r e s u l t s  and i n  the  ex t r apo la t ion  of high r a d i a t i o n  dose 

d a t a  t o  low dose or low dose rate exporures. 

Dr. S t o r e r  reported t h a t  s t u d i e s  of l i fe  shortening involving 

r a d i o l o g i s t s ,  Japanese atomic bomb survivors,  and a group of p a t i e n t o  

i r r a d i a t e d  f o r  s p i n a l  d i s e a s e s  have  y i e l d e d  d a t a  t h a t  i s  a p p a r e n t l y  

c o n f l i c t i n % .  

rhould be miformly eb8erved in humnr at  *trly bw dome rater. 

However, a n i m a l  e x p e r i a e q t s  p r e d i c t  t h a t  l i f e  s h o r t e n i ? ?  

Retrospective s t u d i e s  perfomed on the r e l a t i o n  between p rena ta l  

exposure and childhood tumors have shown an apparent p o s i t i v e  c o r r e l a t i o n ,  

I 

(more) 
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he noted, b u t  s imi l a r  s t u d i e s  on the  Japanese bomb p a t i e n t s  yielded 

incompatible information. Also,  prospect ive s t u d i e s  of cu r ren t  p rena ta l  

exposures have been negative.  D r .  S t o r e r  c a l l e d  f o r  cons ide ra t ion  and 
+* 

f u r t h e r  study as t o  t h e  reasons f o r  t h e s e  apparent i ncons i s t enc ie s  in  

human data .  

Ce r t a in  p r i n c i p l e s  have emerged from animal s t u d i e s  which are 

c o n s i s t e n t  with a v a i l a b l e  human d a t a .  The examples he c i t e d  were t h a t  

not  a l l  types of tumors can be induced by r a d i a t i o n ,  gamma rays a r e  much 

less e f f e c t i v e  i n  producing i n j u r y  a t  low doae rates, various typer of 

tumors have d i f f e r e n t  dose response cu rves ,  neutrons a r e  general ly  more 

effective than g a m  rays on an absorbed dose b a a i s ,  and immature animals 

The e f f e c t  of low doses is  extremely d i f f i c u l t  t o  i n v e s t i g a t e  because 

sample sizes must be so large, he explained.  

doses are simply not f e a s i b l e  t o  study. 

low dose e f f e c t s ,  estimates are usua l ly  made by i n t e r p o l a t i n g  between 

aero e f f e c t  (control  population) rad an obrervd high dore rate e f f e c t .  

Thus, e f f e c t s  a t  very low 

I n  view of t h e  minimal da t a  on 

T h i s  assumes 3. l l n e a r  r e l a t i L 3 n s h i p  brt:;;.en d c s 2  and e f f e c t .  However, 

he  r e p o r t e d .  :5,e Jzga.-.ese s t u d i e s  lea:! E >  t h e  c o n c l u s i o n  t h a t ,  f o r  h i g h  

dose rate gawm exposurea, the response curve is c u r v i l i n e a r  with 

i nc reas ing  slope a t  high doses.  

presence of "multi-hit' '  e f f e c t s .  

This non-l inear  response suggests  the 



D r .  S to re r  noted t h a t  t he re  a r e  two apparent incons is tenc ies  i n  

t he  methods used by r ad ia t ion  s tandards  s e t t i n g  bodies. The f i r s t  of 

t h e  e relates t o  dose r a t e  e f f e c t s .  

dose rates - -  so many mi l l ions  per year. However, i n  der iving upper 

l i m i t  e s t imates  of r i s k  f o r  delayed e f f e c t s ,  these s tandards groups f a i l  

to allow c r e d i t  f o r  law dore rate. The rccond incood8tency  r e l a t e r  t o  

the u r i g n m e n t  of high Relative Bio logica l  Bffec t fve lur r  (REE) factor ,  

for  types of r a d i a t i o n  which depos i t  a l l  t h e i r  energy in shor t  d i s tances ,  

high Linear Energy Transfer &ET) rad ia t ion .  

l i n e a r l y  wi th  dorm of lrr LEI radiatlOm, llh 8.- or X-nyr, and there 

i s  no dose r a t e  e f f e c t ,  t h e n  the r ad ia t ion  e f f e c t  must be from “sin21e h i t ”  

events .  I f  t h i s  is t rue ,  then high LET should have RBE f ac to r s  lesr than 

unity s ince  most or their  ioniaat ion would be wasted on a single c e l l .  

This  inconsis tency r e s u l t s  from the  assumptions of l i n e a r  dore rerponre 

a t  high rater without a law dore rate c o r r e c t i o n  f o r  low LET rad ia t ions .  

Soare modif icat ion o f  these assumptionr appears  warranted, Dr. Sto re r  s t a t ed .  

Radiat ion s tandards are based upon 6 

If risks do increase 

._ 
e -  

-30- 

1 1 2 5 4 1 b  



A hitd Stater b i o 1 0 8 i d  reremaher today poiad out to an 

interartioarrl audioace the n o d  for additlorul reruroh  on rrdlatioa 

e f f e c t s  becaure of 8pp.reot incoasirtencier aad iacoghte  d 8 U .  

Dr. John B. I t m r ,  of Oak lidm htioarl bbontarf, firat 

explalnod a t  the lat-b bhit8d matioar Iatrmtioaal Coahnace OCI 

tb h.ceful -eo of Atario 880- at  w, k i t m r h d ,  tbat data 

reg8rding long-term af fec t8  of rrdi8tion 8 c c u u l a t e  slav1y bec8urc 

ob8crvations u r t  be made ovar long periodm of tiw. Hmever, h mted, 

based on currently avai lable  data  there are amarent inconrfstcncCcs and 

i o . d ~ ~ c i e 8  relatad t o  r-rbau be- k r a  trapo, r w r i r a r  of 

h u r n  and 8a fu l  rerultr .ad L. tho oxtrspeuhm of hi@ rrdhtko W 

data to tar dore or lw dora rata expoouror. 

Dr. 8torer nported that rtudier of lde rhorteaiq involrfng 

r&diologirtr ,  hp8~109e 8toaic bomb rurvivorr, and a group of patient8 

lrradl8ted for s p i n a l  d i se8r t s  have fielded data  that i s  apuarcntlp 

c o n f l i c t i n g .  Ibuernr, anfm1 c x p c t i ~ e n t r  predict that l i f e  shortening 

ab814 k rrJ- abm- l8 - 8Q rnLrl7 u#h b Sam. 

P.trorpcctivc studio8 perfamd on the r e h t i o n  between prenatal 

uposure  urd childhood tumorr have shoun an apparent porit ive correlation, 



he noted, but r l d l a r  s t u d i e s  oa tho Japanese bomb patiento y i e l d e d  

iacorp.tibla i n f o r u t i o n .  Alro, prorpactive rtudier of rurnnt p r ~ ~ ~ l  

o % p ~ u r a s  lum h a  ae#8tiVO. 

furtber rtudy 88 to the tU000l for t b r o  apparent irwolrrirteorior in 

huma data. 

Dt. 8 t m r  UUed for c W M O t 8 t l O 8  

Cert~ in  principler b v e  emergad from a n i u l  rtudiar uhich a n  

consirtent w i t h  available h u r n  d8ta. 

not 811 t y p r  of tumora can be Induced by radiation, g . 6 ~  r&ys 8?8 u c h  

loam offactire fn p t o c h m ~  L.$ur7 8t lau doro mtor, variarr t p  ef 

tumors have d i f f e r e n t  dose response curvea ,  neutrotu are generally more 

affective t h a  gama ray# oa 8a abrorbed dore -0, and i n u r e  mir lr  

- , ' -0  c " C  q , - - : - I - , C  th.a-. =iJ : ! * -  

Tho m q l r r  b cited warn t h t  

The ef fect  o f  low &I i r  o % t r a l y  d i t t l a l t  to i m o t i g a t e  b.d.uaa 

uRp1. mat b. 80 bm@, h mblSOd. m, Of-$0 m q  1- 

dorrr are rimply not taasible to rtudy. 

lau doro affect., e r t i r t o a  are uru.11~ m d a  by iaterpolatiag betmen 

soro offoct (eoa&roA p)ul.tioa) rod an ohamad hi& deoo rata rffmt. 

This a s s u 3 e s  a linear r e l a t i m s h i p  betwee? d o s e  and effect. Howeve', 

Io v i a  of tb r i a i r l  data on 

\e r e p g r t e d ,  c+> J a p a n e s e  s t u C i e s  l e a ?  t -  t h e  c s n c l u s f o n  c h a t ,  :;r "!:h 

dW0 a t 0  -8, tk b d 1 - r  W d  

increasing r l o p  a t  hlgh dorer. 

prormcr of "a11 ti-hi t" off  ac t r . 
Thir noa-linear rerpoorr ruggertr tbo 



Dr. Storar noted that thoro are two apparent fncwrlrteacfer  in 

the wthodr ured by radlatioa rt8ndardr re t t ing  bodies. Tho f i r a t  of 

there relater to dore rata offoctr.  

do- ra ter  -- 10 may d l l l o a r  per y u r .  

l i m i t  o r t i n t e r  of ?irk for dela7od affectr, there rkndardr 8rarpr fail 

to al la ,  a n d i t  to? la doro =to. 

tlw mr-t of bw IrAatirr Bid- W W t l r u r r #  Qw) -torr 

fox t y p o  of r d b t i m  uhbh dopooit a l l  t b i r  r c u r ~  k &tt d i r u w u ,  

h u h  h.rq hmofrr (UT)  radiation. If r i r t  do Iwrwre 

l i w u t p  r i t h  h~ of la tn ~ ~ 4 - h .  lib c u Xa=mD rrJ *m 

is  no dose rate e f f e c t ,  t h e n  the ra2iatlon e f f e c t  m u i t  b e  from "single h i t "  

evontr.  

unity rince mort O L  t h e i r  ioai().tioa would be w o t e d  on ripgAe -11. 

Thio iacoorirtanay rorultr frm the arrumptioas of 11-r dorc rerponee 

a t  high rater utthart 8 l a  dore rate aorrection for lor Ltz radiatiolrr. 

l o r  modification of tka aorurptias a p p r o  warranted, Dr. 8tarer @tat&. 

kdiatlar atandatdo are hood w o  

Ilmover, in deriviag uppor 

Tbo roo04 i a c d i r t o n e y  ?dater t o  

4 

f f  thio i r  tnu, t h e m  h u h  U T  rborrld h 1;uI *tom Aem tko 
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fo r  a d d i t i o r a l  rpspq-ct- or. r a ? i a  t iw e f f n c t s  b e c a u s e  oc a?parent - 
inconsistencies\  and - -  incomplctp - data ti- 

Dr. J d n  E .  Storer, of Cak W?ge Y a t i o n a l  Laboratory, f i r s t  
explained a t  the 
n-h Fourth United NR t i on8  In+erna+Aonal Conference 

on the Peeceful U ~ Q S  of Atopic Enprey t h q t  da t a  reeardir?Q: long-term 

-* ’  ’effects of radla’*fon accumulate ‘ s l b l y  badruse Bdsei3’rrB&bns7lhst be 

&f L, w - 1  

4 

made over long periods of the. However, he noted, based ar~curr4ntl.y 

Dr. S t o r e r  reported that  s tud ies  of l i f e  shortening iarslring 

radiologista,  Japanese atomic bomb survivcrs, and a group of patients  

irradiated for  spinal diseases  have y i e l d e d  data that  is ;-me 
- 

apparently confl ic t ing.  However, animal exprriments predict  t h a t  

dose rates. 

/ 
bomb patients* yielded incompatible Informtion. Also, prospective 

s tudies  of c i i r r m t  prenatal  exposires have been negative. DF. Storer 

ca l l ed  f o r  considera t ion 

a C D ~  r or t : r c  onsi 5 tenr i e5: 

and further study as  t o  the reasons for these 
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NEW FILM ON RADIOACTIVE WASTE DISPOSAL 

AVAILABLE lWR LOAN TO THE PUBLIC 

OAK RIDGE, Tenn. - -  A new co lo r  motion p i c t u r e  desc r ib ing  the  Atomic Energy 

Colamission's proposed p r o j e c t  f o r  disposing of radioactive waate I n  underground 

salt depoaier ie. nou.availabAe. for loan to the public+ . . - - 

Jir -wL~d'nP*fsaiop m t W 4 Q  : ' w w  w,-wo@&&$&#& IEsp3)'q and 

Disposal of Radioact ive Waste" i s  28 minutes i n  lFngth and was produced f o r  the  

AEC by the ~ C ' S  Sgndia Labora tor ies ,  Albuquerque , New,Mexico. 

. .  
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Data regarding the long-term e f f e c t s  o f  r a d i a t i o n  ccumulate s lowly 

because observations o v e r  1 o r e  required. This 

paper notes inadequacies and ncies i n  present ly  

ava i l ab le  data. P a r t i c u l a r  

consistency between groups o 

animal resul ts ,  and the accu 

o r  low dose r a t e  r a d i a t i o n  

Studies o f  l i f e  shortening 

a group o f  pat ients  i r r a d i a  

have y ie lded data tha t  i s  a 

/" 

experiments p red ic t  t h a t  1 '  e shortening should be uniformly observed 7 
; r  ",m=~ns 2: s + ; p l j  c-':h dcse  r a t e s  

Retrospective studies been performed on the r e l a t i o n  between 

prenatal exposure chi ldhood tumors. These have shown an apparent 

p o s i t i v e  

pat ients y ie lded incompatible i n f o r m  t i o n .  A lso ,  prospective studies 

o f  cu r ren t  p r  d a t a l  exposures have been negative. 

However, s i m i l a r  studies on the Japanese bomb 

/ 
Ti le r e a s s ?  f a r  these s m a r e n t  i n c 3 v s ' s t e r c ; e s  i n  h w z n  d a t a  should be 

L 7 and studied f u r t h e r .  

&k Certain p r i nc ip les  have emerged from animal studies which are consistent 
% * * L U - W  

wi th  avai lab le h m n  data. 

be induced by radiat ion,  gama rays are m c h  less e f f e c t i v e  i n  producing 

\not  a l l  types o f  tumors can 

i n j u r y  a t  low dose rates, var ious types o f  tumors have d i f f e r e n t  dose 

response curves, neutrons are general l y  more e f f e c t i v e  than g a m  rays 
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on an absorbed dose basis,  and immature animals may be more sens i t i ve  

than adul ts.  Pais pma 1 C t S  u r n  

The e f f e c t  o f  low doses 

sample sizes must be so 

n o t  feasible t o  study. i n  view of the minimal data on low dose ef fects ,  

estimates are usua l l y  made by i n t e r p o l a t i n g  between zero e f f e c t  (cont ro l  

populat ion) and an observed h igh  dose r a t e  e f f e c t .  

reaat ionship between dose and e f f e c t .  

because 

ects a t  very low do&s are simply 

This assumes a l i n e a r  

However,hthe Japanese studies lead 
h-2 

t o  the conclusion t h a t ,  f o r  h igh dose r a t e  g a m a  exposures, the response 

curve i s  c u r v i l i n e a r  w i t h  increas ing slope a t  high doses. This . 

used by r a d i a t i o n  standards s e t t i n g  bodies. The f i r s t  o f  these 

r e l a t e s  t o  dose r a t e  e f fec ts .  

rate* so many mill ions per yearf. However, i n  de r i v ing  upper 

l i m i t  estimates o f  r i s k  f o r  delayed effects, these standards groups 

Radiat ion standards are based upon dose 

f a i l  t o  a l low c r e d i t  f o r  low dose rate.  

e t o  the assignment of h igh  Relat ive B io log ica l  Ef fect iveness (RBE) 

The second inconsisMncy .e 

fac to rs  f o r  types of r a d i a t i o n  which deposi t  a l l  t h e i r  energy i n  short  

d i s t a n c e q 3 i g h  L inear  Energy Transfer (LET) rad iat ion.  I f  r i s k s  do 
J -  

increase l i n e a r l y  with d&& low LET radiat ion,  l i k e  gama o r  X-rays, 

and there i s  no dose r a t e  effect, then the rad ia t i on  e f f e c t  must be 

from "s ing le h i t "  events. If t h i s  i s  t rue,  then h igh LET should have RBE 
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factors less than uni ty  since most o f  t h e i r  ionization would be wasted 

on a s ingle  c e l l .  

of l i n e a r  dose response a t  high ra tes  without a low dose r a t e  correct ion 

for low LET radiat ions.  

warranted) &. A, ,a e 

This inconsistency results from the assumptions 

Some modif icat ion o f  these assumptions appears 
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Conmuission's proposed p r o j e c t  for disposing o f  r ad ioac t ive  waste i n  underground 

salt depos i t s  i o  now a v a i l a b l e  f o r  l o r n  t o  t he  publ ic .  

The 16-mm f i l m  en t i t l ed  "SAPETY I# SALT: The T r a r r o p a t f y w ,  Wling and 

Disposal of Radioact ive Waste" i s  28 minutes i n  length  and was produced fo r  the 
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Beczuse of the  requi red  prolonzed pe r loc  of study,  new data on t h e  

long-term e f f e c t s  of exposure of man and e q e r i n e n t a l  animals t o  i o n i z i s g  

r a d i a t i o n  are accunulated slowly. Because t he  problem i s  under cont inuing 

review by var ious s c i e n t i f i c  committees, t h i s  paper i s  concerned p r imar i ly  

wi th  t h e  following ques t ions :  

t i o n s  c o n s i s t e n t  with one another?  

human and experimental  s t u d i e s ?  3)  Are the methods used in I n t e r p o l a t i o n  t o  

11) Are t h e  data from t h e  va r ious  human popula- 

2 )  Is  t h e r e  genera l  agreement between t h e  
/ 

r isk  a t  low doses and dose &es .both i n t e r n a l l y  c o n s i s t e n t  and cons i s t en t  

wi th  wel l -es tab l i shed  p r i n c i p l e s  of r a d i a t i o n  biology? 

S tud ie s  of t h e  Japanese survivors  of t he  bambings, p a t t e n t s  who were 

Y . _. - .  - . .  - .  . i r r a d i a t e 2  ;'or ~ ~ ~ - j - - z , ; L : i ;  ~ g ~ : - - L y - ~ - ; ~ ~  ir; Sr.22; 2 r ~ ; ~ i ~  L:~;: iior-Liier;, l r k - ~ d ,  

and rad io1o~:s t s  and t h e i r  technic ians  *ve evfcfence t h a t  i s  somewhat c o n f l i c t l r r .  

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

On tiie G ~ s i s  0: alzimal e q e r i m e n t s  one would expect life shor ten ing  i n  

irradiated human popula t ions ,  as i n  a l l  the  studies where h igh  r a d i a t i o n  doses 

have been employed, t h e  animals have shown .a l o s s  of longevi ty .  It i s  not c l e a r  

then  why the  data f o r  e f f e c t s  cf .r&!latim on ion;;evity i n  man are CoLf i ic t icg .  

The e f f e c t  of low total- d3ses h s s  ~ c f  keer. e?-ens!-rel;r in-Jest?x 'e?  he- 

cause t h e  sample s i z e s  needed a r e  so l a rge  t h a t  the  e q e r i m e n t s  are not femib ' le .  

-re are ~ l b  cases where It appears that certain cancers may be increased by 

doses of a few hundred rads, b u t  t h e  y i e ld  t o  date i s  i n s u f f i c i e n t  t o  .&<e a 

b s k  estimate. 

'The zn t i cFr s t ed  e f f e c t s  of radiation i n  t h e  low dose ranse are  b E x 3  03 ?I? 

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 

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

u s u a l l y  sag;ested a p o s i t i v e  assoc i%t ion .  Prcspec t ive  s t u d i e s ,  however,, have 
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been Legative.  

c h i l d r t 3  nnentioned above were e n t i r e l y  i n c o m p t i b l e  with similar s t u d i e s  

Furthernore,  r e t r o s p e c t i v e  s t u d i e s  ;erfomed on the r r : z ~ t a l  

p c r f o r . e d  on %he J a p n e s e  bomb v ic t ims .  It s e m s  Yair t o  say that tile i s s u e  

i s  i n  ~ o u b t  a t  present ,  and f u r t h e r  work i s  needed. 

The Japanese s tud ie s  lead t o  t h e  conclusion t h a t  f o r  gamma r ays  d e l i v e r e d  

a t  h igh  dose rates t h e  dose-response curve must be c u r v i l i n e a r  d t h  i n c r e a s i n g  

sloplat increas ing  doses, s i n c e  t h e  low doses  y ie ld  a s m a l l e r  p ropor t ion  of 
. _-_-- 

m u l t i h i t  i n  ju ry .  

Cer ta in  general  p r i n c i p l e s  have emerged frm mima1 experimentat ion 

are cons i s t en t  with t h e  data f o r  human populat ions.  Among them a r e :  

tumor types a r e  rad ia t ion- inducib le ;  t h e r e  i s  usual ly  a marked decrease  i n  e f -  

f e c t i v e n e s s  of gamma rays  when t h e  doses  are pro t rac ted ;  t h e  various r a d i a t i o n -  

i nduc ib le  tumors have qu i t e  d i f f e r e n t  dose-resporse cur-.-es ; cea%ron-s tzzd to 

Not a l l  

I 
be more eI 'fecti ,-e on a dose-for-dose basis than  gazm rays;  and immature 

,- - 1  - '  . .  . - c  
. -  

J 
It mus t  be noted t h z t  i n  t h e  methods ased by :omnittees t h a t  recornend 

exposure standards t h e r e  are two p r i n c i p a l  incons is tenc ies :  The first concerns 

dose r a t e  e f f e c t s .  Radiat ion p r o t e c t i o n  guides a re  given in terms of dose 

rate, i . e . ,  so many nillirem p e r  yea r .  Yet, i n  der iv ing  upper l i m i t  estimates 

of risk for  l a t e  e f f ec t s ,  no c r e d i t  fo r  dose rate is admitted.  A second 

it follows t h a t  t he  r e l evan t  i n j u r y  i s  produced p r inc iph l ly  by s i n g l e - h i t  

i s  t h e  assuii.;tion of l i n e a r i t y  a t  high dose r a t e s  2nd no dose ra te  e f y e c t  fer 

- -- lo-,.~ -i r a u l a t i o r .  

In t h e  case of both of t h e s e  inconsistencies, some modif ica t ions  of t h e  

confiictiog p r a i s e s  voJld seem t o  be ind ica t ed .  


