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REPORT OF LIAISON STUDIES WITH THE ATOMIC BOMB 

CASUALTY COMMISSION - HIROSHIMA, JAPAN* 

August 2 0 , 1974 to September 1 7 , 1974 

George 0 . Kerr 
H e a l t h Physics D i v i s i o n 

Oak Ridge N a t i o n a l L a b o r a t o r y 
Oak R idge , Tennessee 37830 

S unwary 

The l i a i s o n s t u d i e s by the Atomic Bomb C a s u a l t y Commission (ABCC) 
and the Oak Ridge N a t i o n a l L a b o r a t o r y (ORNL) have now moved i n t o a new 
phase which w i l l produce s i g n i f i c a n t r e f i n e m e n t s i n e s t i m a t e s o f r i s k 
and r a d i a t i o n q u a l i t y (RBE) o f neut rons d e r i v e d f rom e p i d e m i o l o g i c a l 
s t u d i e s o f atomic-bomb s u r v i v o r s . Dur ing the l a t e s t l i a i s o n s t u d y , 
i m p o r t a n t new d a t a were p resen ted t o t h e ABCC. these da ta d e a l t w i t h 
depth dose d i s t r i b u t i o n which can be used t o make i n v i v o dose 
e s t i m a t e s f o r s u r v i v o r s . Es t imates o f absorbed dose t o t h e b r e a s t s o f 
women s u r v i v o r s and s u r v i v o r s exposed i n u t e r o were made f o r insnediate 
use i n t h e i r s t u d i e s . These e s t i m a t e s a r e o f g r e a t i n t e r e s t a t 
p r e s e n t because o f new d o s e - s p e c i f i c a n a l y s e s o f b r e a s t cancer be ing 
made a t t h e ABCC and t h e J a b l o n - S t e w a r t c o n t r o v e r s y over t h e r i s k o f 
r a d i a t i o n exposure t o a f e t u s . 

Examples a r e p r e s e n t e d i n t h i s r e p o r t t o show t h a t t h e new phase 
o f l i a i s o n s t u d i e s can r e f i n e c u r r e n t e s t i m a t e s o f r i s k d e r i v e d f rom 
t h e ABCC's e p i d e m i o l o g i c a l s t u d i e s by f a c t o r s o f two o r more. These 
examples a r e drawn from d a t a p r e s e n t e d i n s e v e r a l r e c e n t and 
a u t h o r i t a t i v e r e p o r t s by committees o f t h e N a t i o n a l Academy o f 
Sciences and t h e U n i t e d N a t i o n s . 

A l though t h e emphasis was on i n v i v o d o s i m e t r y , some t i m e was 
devoted t o o l d e r , but s t i l l i m p o r t a n t , phases o f t h e l i a i s o n s t u d i e s . 
These were ( a ) f i n a l i z a t i o n o f t i s s u e k e r m a - d i s t a n c e curves used i n 
t h e T65D e s t i m a t e s o f r a d i a t i o n exposure t o s u r v i v o r s , ( b ) unknown 
T65D exposure cases i n t h e major samples o f t h e ABCC, and ( c ) 
r a d i a t i o n exposures o f s u r v i v o r s who a r e now r e s i d i n g i n the U n i t e d 
S t a t e s . A study o f a group o f 200 t o 250 w i l l be completed i n e a r l y 
1975 and a r e p o r t summariz ing d a t a on t h i s group w i l l be completed by 
mid -1975 . These 200 t o 250 s u r v i v o r s r e p r e s e n t about o n e - f o u r t h o f 
t h e e s t i m a t e d t o t a l r e s i d i n g i n t h e U n i t e d S t a t e s . 

* 
Research sponsored by the Energy Research and Development A d m i n i s t r a -
t i o n under c o n t r a c t w i t h Union Carb ide C o r p o r a t i o n . 
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I n t r o d u c t i o n 

A number o f t o p i c s were c o n s i d e r e d i n work and s t u d y sess ions 

w i t h t h e s t a f f o f t h e Atomic Bomb C a s u a l t y Commission (ABCC) d u r i n g 

t h i s l i a i s o n s tudy which l a s t e d f rom August 20 t o September 1 7 , 1974 . 

Summaries o f t h e s e work and d i s c u s s i o n sess ions a r e g i v e n below f o r 

ma jo r a r e a s o f concern t o e i t h e r t h e ABCC o r ORNL o r b o t h . 

T65D E s t i m a t e s o f R a d i a t i o n Exposure t o Atomic Bomb S u r v i v o r s 

I n r e v i e w i n g d a t a a v a i l a b l e on t h e e f f e c t s o f r a d i a t i o n on man, 

t h e U n i t e d N a t i o n s S c i e n t i f i c Committee on t h e E f f e c t s o f Atomic 

R a d i a t i o n (UNSCEAR) i n t h e i r r e c e n t r e p o r t 1 , " I o n i z i n g R a d i a t i o n : 

L e v e l s and E f f e c t s " , acknowledges t h e impor tance o f t h e ABCC s t u d i e s 

by s t a t i n g ( p p . 4 0 3 - 4 0 4 ) : 

I n terms o f man-year e x p e r i e n c e , t h e c o h o r t f o l l o w e d by 
the Atomic Bomb C a s u a l t y Commission w i t h t h e c o l l a b o r a t i o n 
o f t h e Japanese N a t i o n a l I n s t i t u t e o f H e a l t h i s o f f a r 
g r e a t e r s i g n i f i c a n c e t h a n o t h e r c o h o r t s under s t u d y . 

The s tudy c o h o r t o f t h e ABCC i s g e n e r a l l y u n b i a s e d w i t h 
r e s p e c t t o s e x , a g e , and p r e - e x i s t i n g d i s e a s e , an advan tage 
compared t o o t h e r i r r a d i a t e d p o p u l a t i o n s , such as m e d i c a l l y 
t r e a t e d groups. 

The A d v i s o r y Committee on t h e B i o l o g i c a l E f f e c t s o f I o n i z i n g 

R a d i a t i o n ( B E I R ) f o r t h e N a t i o n a l Academy o f S c i e n c e s - N a t i o n a l 

2 
Research C o u n c i l i n t h e i r r e c e n t r e p o r t , "The E f f e c t s on P o p u l a t i o n s 

o f Exposure to Low L e v e l s o f I o n i z i n g R a d i a t i o n s " , a l s o acknowledges 

t h e i m p o r t a n c e o f both t h e ABCC s t u d i e s on t h e b i o l o g i c a l e f f e c t s o f 

r a d i a t i o n on s u r v i v o r s and t h e T65D e s t i m a t e s o f r a d i a t i o n exposure 

f o r s u r v i v o r s p r o v i d e d by ORNL by s t a t i n g ( p . 1 0 0 ) : 
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Some o f t h e most u s e f u l d a t a a v a i l a b l e f o r t h e 
e v a l u a t i o n o f t h e l a t e e f f e c t o f r a d i a t i o n on man come f rom 
t h e Atomic Bomb C a s u a l t y Commission: The p o p u l a t i o n o f A -
bomb s u r v i v o r s i s l a r g e and r e c e i v e d doses r a n g i n g f rom t h e 
t r i v i a l t o t h e n e a r l e t h a l ; e s t i m a t e d doses a r e a v a i l a b l e 
f o r a l m o s t a l l ; t h e p o p u l a t i o n i s r e l a t i v e l y u n s e l e c t e d 
( e x c e p t f o r m o r t a l i t y a t t h e upper end o f t h e dose r a n g e ) , 
i n c o n t r a s t t o s e r i e s a r i s i n g f rom t h e r a p y a d m i n i s t e r e d f o r 
p r e - e x i s t i n g d i s e a s e or- f rom o c c u p a t i o n a l exposure . 

To s t r e s s u n c e r t a i n t i e s i n t h e i r e s t i m a t e s o f e f f e c t s o f l o w -

l e v e l r a d i a t i o n exposures» shor tcomings o f both t h e e p i d e m i o l o g i c a l 

and d o s i m e t r i c a l d a t a o f a l l s t u d i e s were d iscussed i n d e t a i l . I n 

d i s c u s s i n g t h e e s t i m a t e d doses t o a tomic bomb s u r v i v o r s , t h e BEIR 

Repor t ( see f o o t n o t e on page 76 and " D e f i n i t i o n s and Notes t o 

Accompany R e f e r e n c e T a b l e s Summariz ing Q u a n t i t a t i v e Data on 

C a r c i n o g e n i c E f f e c t s o f I o n i z i n g R a d i a t i o n s " on page 195 t o 199) s t a t e s : 

These dose e s t i m a t e s , drawn f r o m t h e ABCC d a t a , a r e o f 
a i r doses t o t h e m o t h e r . The degree o f a t t e n u a t i o n o f t h e 
dose i n r e a c h i n g t h e f e t u s would depend on such factors as 
f e t a l a g e ; e . g . , t h e younger t h e f e t u s , t h e g r e a t e r t h e 
a t t e n u a t i o n . An e q u a t i o n t o a l l o w f o r t h i s a t t e n u a t i o n i n 
comput ing f e t a l dose has n o t been f o r m u l a t e d . 

The mean dose shown i n Column 11 i s u s u a l l y t h e 
r e l e v a n t t i s s u e dose , b u t f o r t h e A-bomb s u r v i v o r s , i t i s 
t h e w h o l e - b o d y , f r e e f i e l d , o r " a i r " dose. A t t e n u a t i o n 
f a c t o r s f o r a tomic bomb s u r v i v o r s have n o t been p u b l i s h e d , 
and hence no e f f o r t i s made here t o p r o v i d e t i s s u e d o s e s , 
which m i g h t be 60 t o 70 p e r c e n t o f t h e dose g i v e n i n r a d s , 
depending on t h e t i s s u e and t h e p r o p o r t i o n s o f n e u t r o n and 
gamma r a d i a t i o n . 

The UNSCEAR Repor t s t a t e s on page 404 o f Annex H: 

I t must a l s o be c l e a r l y borne i n mind t h a t absorbed 
doses, p a r t i c u l a r l y t o deep t i s s u e s , a r e d i f f i c u l t t o o b t a i n 
f rom t h e kerma e s t i m a t e s a v a i l a b l e , and t h e f a c t t h a t a 
s u b s t a n t i a l n e u t r o n c o n t r i b u t i o n was r e c e i v e d by t h e 
s u r v i v o r s a t H i rosh ima i n t r o d u c e s a d d i t i o n a l c o m p l i c a t i o n s 
owing t o t h e h i g h e r b i o l o g i c a l e f f e c t i v e n e s s o f n e u t r o n s 
r e l a t i v e t o gamma r a y s . 
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Techniques deve loped by t h e H e a l t h Phys ics D i v i s i o n o f ORNL t o 

s p e c i f y t h e r a d i a t i o n exposure t o a s u r v i v o r a r e t h e b a s i s o f t h e s o -

c a l l e d t e n t a t i v e 1965 dose (T65D) ass ignments f o r most o f t h e 1 1 7 , 0 0 0 

s u r v i v o r s i n t h e M a s t e r F i l e s o f t h e ABCC. The q u a n t i t y o r i g i n a l l y 

used i n t h e s e t e c h n i q u e s was t h e absorbed dose ( i . e . , t h e k i n e t i c 

energy d e p o s i t e d l o c a l l y by i o n i z i n g p a r t i c l e s produced by gamma-ray 

and n e u t r o n i n t e r a c t i o n s ) i n a smal l mass o f b i o l o g i c a l t i s s u e . I n 

t h e l i t e r a t u r e t h i s q u a n t i t y has been c a l l e d " a i r d o s e " , " f r e e - f i e l d 

d o s e " , " f i r s t - c o l l i s i o n d o s e " , "whole -body d o s e " , and s i m p l y " d o s e " . 

The energy d e p o s i t e d i n a sma l l mass o f t i s s u e i n f r e e a i r i s a " f i r s t 

c o l l i s i o n " absorbed d o s e , s i n c e t h e p r o b a b i l i t y o f a d d i t i o n a l energy 

b e i n g d e p o s i t e d by a "second c o l l i s i o n " i s n e g l i g i b l y s m a l l . 

A c c o r d i n g to more r e c e n t recommendations o f t h e I n t e r n a t i o n a l 

Commission on R a d i o l o g i c a l U n i t s and M e a s u r e m e n t s , 3 , t * t h e " f i r s t 

c o l l i s i o n " concept o f r a d i a t i o n exposure should now be r e f e r r e d t o as 

k i n e t i c energy r e l e a s e d i n m a t e r i a l ( t i s s u e i n t h i s c a s e ) i n f r e e a i r 

o r s i m p l y " t i s s u e kerma i n f r e e a i r " . 

Because t h e s u r v i v o r was r e p l a c e d by a sma l l mass o f b i o l o g i c a l 

t i s s u e i n t h e T65D ass ignments o f r a d i a t i o n exposure t o s u r v i v o r s , 

r e f e r e n c e t o t h e s e e s t i m a t e s as "whole body" doses i n ABCC and o t h e r 

r e p o r t s have been m i s l e a d i n g . The i r r a d i a t i o n o f a t o m i c bomb 

s u r v i v o r s was, however , "whole body" i n compar ison t o s o - c a l l e d 

" p a r t i a l body" i r r a d i a t i o n i n t h e r a p e u t i c X - r a y beam e x p o s u r e s . Due 

t o m u l t i p l e s c a t t e r i n g ( o r m u l t i p l e c o l l i s i o n s ) and a b s o r p t i o n ( o r 

a t t e n u a t i o n ) o f r a d i a t i o n by t h e body, t h e absorbed dose t o organs and 
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t i s s u e o f t h e body o r t o t h e whole body ( u s u a l l y i n t e r p r e t e d t o mean 

t h e average absorbed dose t o t h e body) o f a s u r v i v o r was d i f f e r e n t 

f r o m h i s o r her T65D ass ignment o f t i s s u e kerma i n f r e e a i r . I n 

g e n e r a l , t h e absorbed dose t o organs and t i s s u e s i s l e s s than t h e 

t i s s u e kerma i n f r e e a i r w i t h t h e r e d u c t i o n f o r n e u t r o n s b e i n g g r e a t e r 

t h a n t h a t f o r gamma r a y . These absorbed doses a r e o f t e n r e f e r r e d t o 

i n t h e l i t e r a t u r e as " t i s s u e d o s e " , "organ d o s e " , and s imp ly " d o s e " . 

To reduce a m b i g u i t i e s and c o n f u s i o n r e s u l t i n g f rom t h e number and 

s i m i l a r i t y o f t h e d o s i m e t r i c terms used i n t h e l i t e r a t u r e , i t was 
5 

recommended t h a t i n f u t u r e r e p o r t s o f t h e ABCC ( a ) te rms used i n 

d i s c u s s i n g t h e T65D e s t i m a t e s o f a s u r v i v o r ' s r a d i a t i o n exposure be 

l i m i t e d t o t i s s u e kerma i n f r e e a i r and ( b ) terms used i n d i s c u s s i n g 

doses t o a t i s s u e o r organ o f a s u r v i v o r or to a f e t u s be l i m i t e d t o 

absorbed dose o r dose e q u i v a l e n t i f an absorbed dose i s m o d i f i e d by 

use o f an RBE f a c t o r . These recommendations have been f o l l o w e d i n 

t h i s r e p o r t . 

I n - V i v o E s t i m a t e s o f Absorbed Dose t o Atomic Bomb S u r v i v o r s 

The u l t i m a t e need t o c o r r e l a t e e f f e c t s , such as l e u k e m i a , t h y r o i d 

c a r c i n o m a , e t c . , w i t h b i o l o g i c a l l y s i g n i f i c a n t doses was r e c o g n i z e d 

f rom t h e s t a r t o f t h e Japanese d o s i m e t r y program ( i . e . , t h e I c h i b a r . 

p r o g r a m ) , and r e s e a r c h on depth dose d i s t r i b u t i o n s has been an 

i m p o r t a n t p a r t o f t h i s program. Computer codes employ ing Monte C a r l o 

t e c h n i q u e s f o r c a l c u l a t i n g absorbed dose w i t h i n a human- type phantom 

have been v e r i f i e d e x p e r i m e n t a l l y ( s e e f o r example r e f . 6 ) , and t h e y 

have been g e n e r a l i z e d r e c e n t l y t o c a l c u l a t e dep th dose d i s t r i b u t i o n s 

f rom f i e l d s h a v i n g complex a n g u l a r d i s t r i b u t i o n s . 7 ' e C a l c u l a t i o n s 
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have been comple ted f o r gamma r a y s and neut rons w i t h energy and 

a n g u l a r d i s t r i b u t i o n s t y p i c a l o f f i e l d s produced by a f i s s i o n w e a p o n , 9 , 1 0 

and t e c h n i q u e s f o r e s t i m a t i n g absorbed dose t o a f e t u s and t o some 

organs o r t i s s u e s o f s u r v i v o r s based on t h e i r T65D ass ignments have 

been p r e s e n t e d t o t h e ABCC. I n a d d i t i o n t o e s t i m a t i n g absorbed doses 

1 *om gamma rays and n e u t r o n s i n c i d e n t on t h e body o f a s u r v i v o r , t h e 

t e c h n i q u e s a l s o p e r m i t e s t i m a t i o n o f t h e absorbed dose t o an organ o r 

t i s s u e o r f e t u s f rom gamma r a y s produced by n e u t r o n i n t e r a c t i o n s i n 

t h e body o f a s u r v i v o r . 

D u r i n g t h e l a t e s t l i a i s o n t r i p , e s t i m a t e s o f t h e absorbed doses 

t o t h e b r e a s t s o f women s u r v i v o r s and s u r v i v o r s exposed i n u t e r o were 

made a t t h e r e q u e s t o f t h e ABCC f o r immedia te use i n t h e i r s t u d i e s . 

These e s t i m a t e s shown i n T a b l e I g i v e t h e absorbed dose f rom heavy 

charged p a r t i c l e s ( D n p ) and gamma r a y s ( D n , Y ^ produced by 

n e u t r o n s i n c i d e n t on t h e body and f rom gamma r a y s (D^ ) i n c i d e n t on 

t h e body o f a s u r v i v o r i n terms o f t h e T65D ass ignments o f t h e t i s s u e 

kerma i n f r e e a i r f rom n e u t r o n s ( K n ) and gamma r a y s ( K y ) f o r 

s u r v i v o r s . 

Absorbed doses t o t h e f e t u s , wh ich a r e g i v e n i n T a b l e 1 , were 

o b t a i n e d by combin ing c a l c u l a t i o n s o f t h e d i s t r i b u t i o n o f absorbed 

dose i n a homogeneous phantom w i t h a r a d i u s o f 12 cm and l e n g t h o f 60 

cm w i t h i n f o r m a t i o n on f e t a l s i z e 1 0 and d i s t a n c e f rom t h e f r o n t s k i n 

s u r f a c e t o t h e c e n t e r or t h e u t e r u s 1 3 a t t h e d i f f e r e n t s t a g e s o f 

f e t a l deve lopment . I n t h e f i r s t t r i m e s t e r o f f e t a l d e v e l o p m e n t , t h e 

f e t u s and s l i g h t l y e n l a r g e d u t e r u s remain c e n t r a l l y l o c a t e d w i t h i n t h e 

body a t an ave rage d i s t a n c e ( o r p e n e t r a t i o n d e p t h f o r t h e i n c i d e n t 
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r a d i a t i o n ) f rom t h e f r o n t s k i n s u r f a c e o f t h e abdomen t o t h e c e n t e r o f 

t h e u t e r u s o f a b o u t 8 cm. I n t h e second t r i m e s t e r , t h e f e t u s and 

g r e a t l y e n l a r g e d u t e r u s move upward and f o r w a r d d e c r e a s i n g t h e a v e r a g e 

p e n e t r a t i o n depth t o a minimum o f about 6 cm, b u t i n t h e t h i r d 

t r i m e s t e r , t h e g r e a t l y e n l a r g e d f e t u s and u t e r u s s e t t l e back down i n 

t h e body i n c r e a s i n g t h e average p e n e t r a t i o n depth t o about 8 cm. 

Because o f smal l v a r i a t i o n s i n t h e p e n e t r a t i o n depth f rom t h e f r o n t 

s k i n s u r f a c e t o t h e c e n t e r o f t h e u t e r u s , which was assumed t o be t h e 

c e n t e r o f t h e f e t u s , and because o f smal l v a r i a t i o n s i n t h e 

d i s t r i b u t i o n o f absorbed dose a t t h e s e p e n e t r a t i o n d e p t h s , t h e 

v a r i a t i o n s i n average absorbed dose t o t h e f e t u s o b t a i n e d by 

i n t e g r a t i n g t h e absorbed dose d i s t r i b u t i o n o v e r t h e volume o f t h e 

f e t u s and d i v i d i n g by t h e volume o f t h e f e t u s were a l s o smal l as shown 

i n T a b l e 2 . Due t o t h e sma l l v a r i a t i o n s i n t h e s e c a l c u l a t i o n s o f 

absorbed dose t o t h e f e t u s f o r t h e f i r s t , second , and t h i r d t r i m e s t e r s 

and some u n c e r t a i n t i e s i n v o l v e d i n t h e c a l c u l a t i o n s , use o f t h e one 

s e t o f v a l u e s g i v « n i n T a b l e 1 seems r e a s o n a b l e f o r a l l s tages o f 

f e t a l deve lopment . The absorbed doses t o t h e b r e a s t s o f women g i v e n 

i n T a b l e 1 a r e based on t h e assumpt ion t h a t t h e t i s s u e a t g r e a t e s t 

r i s k l i e s a t a p e n e t r a t i o n depth o f one c e n t i m e t e r below t h e s k i n 

s u r f a c e . T h i s i s c o n s i s t e n t w i t h t h e assumpt ion used i n e s t i m a t i n g 

t h e absorbed dose t o t h e b r e a s t s o f women who were s u b j e c t e d t o 

m u l t i p l e f l u o r o s c o p i e s d u r i n g a r t i f i c i a l pneumothorax f o r pulmonary 

t u b e r c u l o s i s (BEIR R e p o r t , pp. 1 4 1 - 1 4 3 ) . 

These e s t i m a t e s a r e o f g r e a t i n t e r e s t a t p r e s e n t because o f new 

d o s e - s p e c i f i c a n a l y s e s o f b r e a s t cancer b e i n g made a t t h e ABCC and t h e 
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J a b l o r i - S t e w a r t c o n t r o v e r s y over t h e r i s k o f r a d i a t i o n exposure t o a 

f e t u s . In b r i e f , t h i s c o n t r o v e r s y a r o s e because t h e number o f 

" r a d i o g e n i c cancers" p r e d i c t e d by t h e S t e w a r t - K n e a l e f o r m u l a d e r i v e d 

f rom an e p i d e m i o l o g i c a l s t u d y i n v o l v i n g f e t a l d i a g n o s t i c X - r a y 

exposures i n England s i m p l y d i d no t occur among Japanese c h i l d r e n 

exposed i n u t e r o . 1 1 * E s t i m a t e s o f absorbed dose t o a f e t u s g i v e n i n 

T a b l e 1 a r e l e s s , e s p e c i a l l y f o r n e u t r o n s , than t h e " c o n s e r v a t i v e 

assumption" used by J a b l o n and Kato t h a t t h e absorbed dose t o t h e 

f e t u s was o n e - h a l f o f t h e m o t h e r ' s T65D ass ignment o f t i s s u e kerma i n 

f r e e a i r , f o r both neut rons and gamma rays ( i . e . , ' 0»5 a n d D, 

/ K n = ( ° n p + Dn y ^ / Kn = b u t t h e d i f f e r e n c e n o t b e 

q r e a t enough t o r e s o l v e t h i s c o n t r o v e r s y . Other f a c t o r s which c o u l d 

be r e s p o n s i b l e f o r t h e d i s c r e p a n c i e s between t h e two s t u d i e s have been 

d iscussed by S t e w a r t 1 5 and J a b l o n 1 6 and some t h i r d p a r t i e s ( s e e , f o r 

example , pages 427 and 428 i n t h e UNSCEAR Repor t and pages 160 t o 166 

o f t h e BEIR R e p o r t ) . 

Another p o s s i b l e d i s c r e p a n c y between ABCC f i n d i n g s and t h o s e o f 

o t h e r s which needs t o be i n v e s t i g a t e d was p o i n t e d o u t by D r . 6 . W. 

Beebe i n a memo 1 7 wh ich s t a t e s : 

I n t h e i r 1965 paper ( B r i t . Med. J . , 4 D e c . , 1 9 6 5 , f f . ) 
Cour t -Brown and D o l l r e p o r t a s t a t i s t i c a l l y s i g n i f i c a n t 
excess o f stomach c a n c e r , b u t a p p a r e n t l y d i d n o t have a 
s i g n i f i c a n t excess o f b r e a s t c a n c e r , which t h e y f a i l e d t o 
ment ion s p e c i f i c a l l y . A t ABCC, t h e r e s u l t s a r e j u s t t h e 
o p p o s i t e , and one would t h i n k t h a t d o s i m e t r y m i g h t have 
much, o r e v e r y t h i n g t o do w i t h t h e d i f f e r e n c e . I wonder i f 
you o r y o u r group has any o p i n i o n on t h i s d i s c r e p a n c y f o r 
e i t h e r organ? I t i s something t h a t m e r i t s i n c l u s i o n i n any 
d i s c u s s i o n o f our f i n d i n g s w i t h r e s p e c t t o t h e b r e a s t . 
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The immediate impor tance o f absorbed dose e s t i m a t e s t o t h e b r e a s t s and 

o t h e r organs o f s u r v i v o r s , such as t h e t h y r o i d and s tomach, can be 

demonstra ted by t h e f o l l o w i n g example . E s t i m a t e s o f a b s o l u t e r i s k o f 

b r e a s t cancer (BEIR R e p o r t , pp. 136 t o 144) f rom s t u d i e s o f t u b e r c u l a r 

women i n Nova S c o t i a s u b j e c t e d t o r e p e a t e d c h e s t f l u o r o s c o p y f o r 

a r t i f i c i a l pneumothorax, women i n New York S t a t e g i v e n l o c a l i z e d X - r a y 

t r e a t m e n t f o r a c u t e par tum m a s t i t i s , and women a t o m i c bomb s u r v i v o r s 

a r e 8 . 4 , 6 . 0 , and e i t h e r 2 . 9 (RBE o f 1 assumed f o r n e u t r o n s ) o r 1 . 8 

(RBE o f 5 assumed f o r n e u t r o n s ) , r e s p e c t i v e l y , w i t h u n i t s o f dea ths o r 

c a s e s / 1 0 6 women/year / rem. I n summar iz ing t h e s e d a t a , t h e BEIR Repor t 

s t a t e s , " I f an RBE o f 1 f o r t h e n e u t r o n component a t H i rosh ima i s 

assumed, t h e a b s o l u t e r i s k f rom t h e s t u d i e s a r e r e m a r k a b l y c l o s e . For 

example , i f i t i s assumed t h a t a f a c t o r o f 2 can be a p p l i e d t o c o r r e c t 

deaths f r o m , t o i n c i d e n c e o f , b r e a s t cancer i n Japanese women, then 

t h e e s t i m a t e d v a l u e s o f t h e a b s o l u t e r i s k , i n c a s e s / 1 0 6 women/year / 

r a d , a r e 6 . 0 f o r t h e Japanese s t u d y . . . , " b u t , " I f an RBE o f 5 f o r 

t h e n e u t r o n component i n H i rosh ima i s assumed, t h e n n e i t h e r t h e 

a b s o l u t e nor r e l a t i v e r i s k e s t i m a t e s f o r t h e Japanese would appear t o 

a g r e e w i t h those o f t h e two w e s t e r n s t u d i e s " . The .above e s t i m a t e s o f 

r i s k f rom t h e ABCC s t u d i e s a r e , o f c o u r s e , based on t h e r a d i a t i o n 

exposure o f women i n terms o f t i s s u e kerma i n f r e e a i r . I f t h e y a r e 

r e c a l c u l a t e d , based on absorbed dose t o t h e b r e a s t s g i v e n i n T a b l e 1 , 

t h e s e become a p p r o x i m a t e l y 3 . 8 (RBE o f 1) and 2 . 7 (RBE o f 5 ) d e a t h s / 1 0 6 

women/year / rem. I f t h e f a c t o r o f 2 i s used t o c o n v e r t t h e s e e s t i m a t e s 

t o cases o f b r e a s t c a n c e r , as i n t h e BEIR R e p o r t , e s t i m a t e s o f r i s k 

based on absorbed doses t o t h e b r e a s t o f Japanese women s u r v i v o r s 
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become 7 . 6 (RBE o f 1) and 5 . 4 (RBE o f 5) c a s e s / 1 0 6 women/year / rem and 

b o t h e s t i m a t e s a r e i n agreement w i t h t h e two w e s t e r n s t u d i e s . I n 

g e n e r a l , use o f t i s s u e kerma i n f r e e a i r , r a t h e r than absorbed dose t o 

a t i s s u e o r o rgan o f i n t e r e s t , w i l l t e n d t o u n d e r e s t i m a t e t h e a b s o l u t e 

r i s k and t h e RBE o f n e u t r o n s . 

E s t i m a t e s o f absorbed dose t o t h e stomach o f a tomic bomb 

s u r v i v o r s w i l l be p r o v i d e d as soon as p o s s i b l e , and t h e p o s s i b i l i t y o f 

p r o v i d i n g an e s t i m a t e o f absorbed dose t o t h e b r e a s t s o f women s t u d i e d 

by Court -Brown and D o l l w i l l be i n v e s t i g a t e d i n c o o p e r a t i o n w i t h t h e 

M e d i c a l Physics and I n t e r n a l D o s i m e t r y S e c t i o n o f t h e H e a l t h Phys ics 

D i v i s i o n a t ORNL. H o p e f u l l y , t h e s e dose e s t i m a t e s and t h o s e f o r t h e 

b r e a s t s o f women a tomic bomb s u r v i v o r s w i l l r e s o l v e some d i s c r e p a n c i e s 

between t h e ABCC and Cour t -Brown and D o l l s t u d i e s . 

Because a homogeneous t i s s u e e q u i v a l e n t phantom was used i n our 

depth dose c a l c u l a t i o n s and because most o f t h e absorbed dose t o 

organs and t i s s u e s was found t o have been d e l i v e r e d by gamma r a y s , t h e 

absorbed dose d i s t r i b u t i o n s should no t be used t o e s t i m a t e absorbed 

dose t o bone o r bone marrow. S i g n i f i c a n t d i f f e r e n c e s i n i n t e r a c t i o n 

cross s e c t i o n s ( i . e . , p h o t o e l e c t r i c c ross s e c t i o n s ) between t i s s u e and 

bone a t l o w e r gamma-ray e n e r g i e s c o u l d r e s u l t i n a gross u n d e r e s t i m a t e 

o f absorbed dose t o bone and marrow i n smal l bone c a v i t i e s . For t h i s 

r e a s o n , c a l c u l a t i o n s o f absorbed dose t o bone and bone marrow o f 

s u r v i v o r s have been s t a r t e d r e c e n t l y , u s i n g a heterogeneous phantom 

w i t h a s k e l e t a l s y s t e m . i s T h i s phantom has a p h y s i c a l s i z e 

c h a r a c t e r i s t i c o f American o r Western European a d u l t s , b u t t t c h n i q u e s 1 9 

e x i s t f o r s c a l i n g t h e phantom to body s i z e s t y p i c a l o f e i t h e r Japanese 



c h i l d r e n o r a d u l t s . Age dependent e s t i m a t e s o f absorbed dose a r e , o f 

c o u r s e , needed by t h e ABCC because o f t h e d i s t r i b u t i o n i n ages o f 

s u r v i v o r s a t t h e t i m e o f bombing. I n f o r m a t i o n was r e q u e s t e d f rom t h e 

ABCC ^ on body and organ s i z e s o f J a p a n e s e , and a number o f 

p u b l i c a t i o n s a p p l i c a b l e t o Japanese s u r v i v o r s were r e c e i v e d d u r i n g t h e 

t r i p . 2 1 " 2 7 Because d i f f e r e n c e s i n i n t e r a c t i o n c ross s e c t i o n s between 

t i s s u e and bone a r e smal l f o r h i g h e r energy gamma r a y s ( i . e . , Compton 

and p a i r p r o d u c t i o n cross s e c t i o n s ) and f o r n e u t r o n s , t h e p e n e t r a t i o n 

o f weapon r a d i a t i o n i n t h e body i s not a f f e c t e d s i g n i f i c a n t l y by a 

s k e l e t a l system; t h e r e f o r e , t h e p r e s e n t dep th dose c a l c u l a t i o n s i n 

homogeneous phantoms a r e adequa te f o r e s t i m a t i n g absorbed doses t o 

organs o t h e r than bone or bone marrow. 

A t e c h n i q u e f o r e s t i m a t i n g absorbed dose t o a f e t u s , more 

s p e c i f i c a l l y t h e head o f t h e f e t u s i n t h e l a t e r deve lopmenta l s t a g e s , 

2 8 

has a l s o been proposed by Dr . Tadashi Hashizume , a d o s i m e t r y 

c o n s u l t a n t t o t h e ABCC, f rom t h e N a t i o n a l I n s t i t u t e o f R a d i o l o g i c a l 

Sc iences ( N I R S ) , C h i b a , Japan. For purposes o f compar ison , t h e NIRS 

e s t i m a t e s o f absorbed dose t o a f e t u s i n t h e f i r s t t r i m e s t e r and t h o s e 

o f ORNL a r e g i v e n i n T a b l e 3 . A lso g i v e n i n t h e t a b l e a r e e s t i m a t e s 

f o r a f i r s t t r i m e s t e r f e t u s made f rom e x p e r i m e n t a l d a t a p r e s e n t e d by o Q 

V. P. Bond e t al_. on depth dose i n phantoms exposed t o r a d i a t i o n 

f rom n u c l e a r weapons t e s t e d i n t h e atmosphere . A summary i n t h e BEIR 

Repor t ( p . 1 0 1 ) , which made e x t e n s i v e r e f e r e n c e t o t h e measurements o f 

Bond e t a l . s t a t e s : 
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The dose o f gamma r a d i a t i o n , r e f e r e n c e d t o t h e dose 
" f r e e i n a i r " , f a l l s o f f f rom 100 p e r c e n t on t h e s i d e o f t h e 
body t r u n k n e a r e s t t h e weapon to about 65 p e r c e n t on t h e 
o p p o s i t e s i d e o f t h e body. The n e u t r o n d o s e , a l s o 
r e f e r e n c e d t o t h e " a i r d o s e " , i s about 75 p e r c e n t a t t h e 
body s u r f a c e n e a r e s t t h e weapon, o f t h e o r d e r o f 15 p e r c e n t 
o r 20 p e r c e n t a t t h e m i d l i n e and a p p r o x i m a t e l y 40 p e r c e n t on 
t h e s i d e most d i s t a n t f rom t h e weapon. These c o n s i d e r a t i o n s 
shou ld i n p r i n c i p l e be t a k e n i n t o account i n s p e c i f y i n g t h e 
absorbed dose t o t h e bone marrow and o t h e r t i s s u e o f t h e 
body. 

Some s e r i o u s d i s c r e p a n c i e s , e s p e c i a l l y i n e s t i m a t e s o f absorbed 

dose f rom gamma r a y s , a r e found i n T a b l e 3 . Our n e u t r o n c a l c u l a t i o n s 

and t h e n e u t r o n depth dose measurements o f Bond e t al_. a r e i n 

r e a s o n a b l e agreement , b u t our gamma r a y c a l c u l a t i o n s and t h e i r gamma 

r a y measurements a r e n o t . T h e i r measurements o f t h e d e p t h dose f rom 

gamma rays i n t h e phantom a r e more i n d i c a t i v e o f p lane-beam 

i r r a d i a t i o n , 3 0 than a n g u l a r d i s t r i b u t i o n s o f gamma r a y s measured f rom 

n u c l e a r weapons, 3 1 and a r e p r o b a b l y due t o a c o m b i n a t i o n o f gamma 

r a y s produced by t h e weapon, gamma rays produced by n e u t r o n 

i n t e r a c t i o n s i n t h e phantom, and t h e r m a l n e u t r o n s e n s i t i v i t y o f t h e 

gamma r a y d o s i m e t e r s . Some f u r t h e r c a l c u l a t i o n s on our p a r t shou ld 

r e s o l v e t h e d i s c r e p a n c i e s between t h e s e o f t e n r e f e r e n c e d measurements 

and our p r e s e n t c a l c u l a t i o n s . 

I n t h e t e c h n i q u e used by N IRS , e x p e r i m e n t a l measurements o f 

absorbed dose f rom gamma r a y and n e u t r o n s p e c t r a s i m i l a r t o those o f 

a f i s s i o n weapon made a t d i f f e r e n t a n g l e s o f s l a n t i n c i d e n c e ( i . e . , 

d i f f e r e n t p o l a r and a z i m u t h a l a n g l e s ) a b o u t t h e phantom were summed t o 

r e p r e s e n t t h e a n g u l a r d i s t r i b u t i o n s o f weapons r a d i a t i o n . The NIRS 

v a l u e s i n T a b l e 3 were based on a n g u l a r d i s t r i b u t i o n s measured i n t h e 

open ( i . e . , i n t h e absence o f any s h i e l d i n g ) . 
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Because t h e p o p u l a t i o n exposed i n s i d e Japanese r e s i d e n t i a l 

s t r u c t u r e s c o n s t i t u t e d t h e most i m p o r t a n t group o f s u r v i v o r s i n t h e 

Mas te r F i l e s o f t h e ABCC, t h i s group i n f l u e n c e d most o f t h e 

assumpt ions and a p p r o x i m a t i o n s c o n c e r n i n g t h e energy and a n g u l a r 

d i s t r i b u t i o n s o f r a d i a t i o n i n c i d e n t on a s u r v i v o r i n our c a l c u l a t i o n s . 

The a n g u l a r d i s t r i b u t i o n o f neu t rons i n s i d e a t y p i c a l Japanese house 

has no t been measured f o r a t r a n s p o r t e d f i s s i o n spect rum; however , 

some measurements have been made i n a J a p a n e s e - t y p e house f o r a 

degraded 3 H ( d , n ) 4 H e spectrum denoted as a D -T spect rum. 3 2 The 

l e a k a g e spectrum f rom a D - T source i s s h a r p l y peaked a t about 14 MeV, 

b u t t h e spectrum i s s o f t e n e d and t h e average energy i s degraded v e r y 

q u i c k l y by s c a t t e r i n g i n a i r . Because t h e a n g u l a r d i s t r i b u t i o n i s n o t 

s e n s i t i v e t o t h e s p e c t r a l d i s t r i b u t i o n , no s e r i o u s e r r o r s shou ld 

r e s u l t f rom us ing t h e a n g u l a r d i s t r i b u t i o n f rom a degraded D-T 

spec t rum. The a n g u l a r d i s t r i b u t i o n o f gamma r a y s i s d i f f i c u l t t o 

p r e d i c t , even f o r t h e l i g h t s h i e l d i n g p r o v i d e d by Japanese r e s i d e n t i a l 

s t r u c t u r e s , because o f gamma r a y s produced by n e u t r o n s as t h e y a r e 

absorbed by t h e s h i e l d i n g m a t e r i a l s s u r r o u n d i n g t h e s u r v i v o r , b u t p a s t 

e x p e r i e n c e 3 3 i n d i c a t e s t h a t i t i s a p p r o x i m a t e l y c o r r e c t t o assume t h a t 

t h e gamma r a y s a r e i s o t r o p i c a l l y i n c i d e n t above t h e h o r i z o n . 

I f t h e NIRS d a t a on t h e s l a n t p e n e t r a t i o n o f gamma r a y s ( T a b l e 3 

o f Hashizume e t a h } a r e c o n v e r t e d t o a i s o t r o p i c d i s t r i b u t i o n 

above t h e h o r i z o n , t h e v a l u e o f D / K i s 0 . 6 5 compared t o t h e fl IRS 
y Y 

v a l u e s o f 0 . 6 7 t o 0 . 7 0 f o r an a n g u l a r d i s t r i b u t i o n o f gamma r a y s 

measured i n t h e open. T h i s , o f c o u r s e , r u l e s o u t d i f f e r e n c e s i n 

a n g u l a r d i s t r i b u t i o n s as a reason f o r t h e d i s c r e p a n c y between t h e ORNL 
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and NIRS d a t a shown i n T a b l e 3 . I n comparisons w i t h o t h e r f r a g m e n t a r y 

d a t a on s l a n t p e n e t r a t i o n o f r a d i a t i o n i n t h e l i t e r a t u r e , s i g n i f i c a n t 

d i f f e r e n c e s were found between t h e d a t a o f Hashizume e t al_. f o r 12 MV 

X - r a y and 9 B e ( d , n ) 1 0 B n e u t r o n s p e c t r a w i t h a v e r a g e e n e r g i e s o f 1 . 4 6 

and 1 . 9 MeV, r e s p e c t i v e l y , and s i m i l a r e x p e r i m e n t a l measurements w i t h 

0 . 6 6 MeV gamma rays 3 1 * a t t h e Defense Research E s t a b l i s h m e n t Ot tawa 

(DREO) and t h e o r e t i c a l c a l c u l a t i o n s f o r 1 MeV n e u t r o n s 3 5 - 3 6 a t ORNL. 

A l t h o u g h t h e e n e r g i e s o f t h e s e comparisons shown i n F i g u r e 1 a r e n o t 

t h e same, i t i s e x p e c t e d t h a t t h e b e h a v i o r o f t h e s l a n t p e n e t r a t i o n 

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

d a t a f o r o t h e r gamma r a y and n e u t r o n e n e r g i e s i n t h e DREO and ORNL 

r e f e r e n c e s show a b e h a v i o r s i m i l a r t o t h a t f o r t h e 0 . 6 6 MeV gamma r a y s 

f rom 1 3 7 C s and 1 MeV n e u t r o n s . Hence, t h e d i s a g r e e m e n t between t h e 

NIRS and ORNL d a t a , e s p e c i a l l y t h a t f o r D / K , appear t o be more 
Y Y 

fundamenta l than d i f f e r e n c e s i n e i t h e r a n g u l a r o r energy d i s t r i b u t i o n s 

o f t h e r a d i a t i o n f i e l d s . 

F u r t h e r c a l c u l a t i o n a l and e x p e r i m e n t a l work i s n e c e s s a r y t o 

r e s o l v e t h e d i s c r e p a n c i e s i n t h e s l a n t p e n e t r a t i o n d a t a o f NIRS and 

t h a t o f DREO and ORNL, and t h e r e b y , t h e d i s c r e p a n c i e s i n NIRS and ORNL 

e s t i m a t e s o f absorbed dose t o a f e t u s . Due t o t h e u l t i m a t e need t o 

e s t a b l i s h absorbed doses t o many organs and t i s s u e s o f s u r v i v o r s as a 

f u n c t i o n o f a g e , t h e s l a n t p e n e t r a t i o n method, which r e q u i r e s 

measurements o r c a l c u l a t i o n s a t numerous ang les o f s l a n t i n c i d e n c e f o r 

each organ w i t h d i f f e r e n t s i z e phantoms t o r e p r e s e n t v a r i o u s age 

g r o u p s , does n o t appear t® be a f e a s i b l e approach . S l a n t p e n e t r a t i o n 

d a t a f o r a few organs o f an a d u l t w o u l d , however , p r o v i d e u s e f u l 
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i n f o r m a t i o n on v a r i a t i o n s i n absorbed doses t o organs o r t i s s u e s t h a t 

might r e s u l t f rom a n g u l a r d i s t r i b u t i o n s , o t h e r t h a n t h o s e f o r a 

t y p i c a l Japanese r e s i d e n t i a l s t r u c t u r e . These d a t a would a l s o be 

u s e f u l i n i n v e s t i g a t i n g dose t o organs f o r a n g u l a r d i s t r i b u t i o n s 

encounte red i n n u c l e a r a c c i d e n t d o s i m e t r y , r a d i a t i o n t h e r a p y , 

s h i e l d i n g e v a l u a t i o n , and r a d i a t i o n p r o t e c t i o n . 3 U > 3 7 

F i n a l i z a t i o n o f T i s s u e Kerma-D is tance Curves Used i n T65D E s t i m a t e s 

B e f o r e p u b l i s h i n g c o r r e l a t i o n s o f observed medica l e f f e c t s w i t h 

absorbed doses t o organs o r t i s s u e s o f s u r v i v o r s , t h e ABCC would l i k e 

t o f i n a l i z e t h e curves g i v i n g t h e v a r i a t i o n o f t i s s u e kerma w i t h 

d i s t a n c e f rom t h e hypocenters i n H i rosh ima and N a g a s a k i . These a r e 

the b a s i s o f t h e T65D e s t i m a t e s o f a s u r v i v o r ' s r a d i a t i o n e x p o s u r e . 

F i n a l i z a t i o n s w i l l p r o b a b l y r e q u i r e a r e c a l c u l a t i o n o f t h e T65D 

assignments f o r s u r v i v o r s o f N a g a s a k i . 

In a r e v a l u a t i o n o f a l l a v a i l a b l e p h y s i c a l d a t a on t h e 

e p i c e n t e r s o f t h e a tomic bombs f o r H i rosh ima and Nagasaki a t ORNL, 3 8 

i t was s t a t e d : 

The d i f f e r e n c e s i n H i rosh ima (15m between e p i c e n t e r s ) 
do n o t seem t o us s u f f i c i e n t t o w a r r a n t any dose 
r e c a l c u l a t i o n s . I n N a g a s a k i , however , t h e T65D c o o r d i n a t e s 
were chosen on t h e b a s i s o f a c a l c u l a t i o n f r o m one s e t o f 
d a t a which we f e e l c o u l d c o n t a i n s e r i o u s e r r o r s . T h a t 
hypocente r i s w e l l o u t s i d e t h e r e g i o n where most o t h e r 
e s t i m a t e s o f t h e h y p o c e n t e r f a l l , and i s u n l i k e l y t o be 
c l o s e t o t h e " b e s t " p o i n t . Our e p i c e n t e r p o i n t and t h e T65D 
p o i n t a r e about 35 m a p a r t , so a r e c a l c u l a t i o n o f doses 
would seem t o be j u s t i f i e d i n N a g a s a k i , s i n c e such a 
d i f f e r e n c e would make a change i n e s t i m a t e d dose o f t h e 
o r d e r o f about 10% a t 1000 m f rom t h e h y p o c e n t e r , and even 
more change c l o s e r t o t h e h y p o c e n t e r . I n c o r r e l a t i n g 
med ica l e f f e c t s t h i s c o u l d be m a g n i f i e d t o 20% when 
comparing cases i n o p p o s i t e d i r e c t i o n s w i t h r e s p e c t t o t h e 
h y p o c e n t e r . 
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Concern has ?n expressed by some o f t h e ABCC s t a f f because none o f 

t h e o u t l y i n g ^ - . n t s were r e j e c t e d i n t h e a v e r a g i n g process used t o 

r e e v a l u a t e t h e a v a i l a b l e h y p o c e n t e r d a t a . To e l i m i n a t e t h e e f f e c t s o f 

some v e r y remote o u t l y i n g p o i n t s i n t h e d a t a , a t t e m p t s a r e b e i n g made 

a t p r e s e n t t o d e t e r m i n e a w e i g h t e d median , r a t h e r t h a n w e i g h t e d 

a v e r a g e , o f a l l t h e a v a i l a b l e h y p o c e n t e r p o i n t s . These r e s u l t s should 

y i e l d a hypocenter l o c a t i o n a g r e e a b l e t o a l l concerned i n d i v i d u a l s a t 

t h e ABCC and ORNL. 

Unknown T65D Exposure Cases i n t h e ?4ajor Samples o f t h e ABCC 

A number o f unknown T65D exposure cases have been i s o l a t e d f rom 

t h e S T - 1 0 0 sample which a r e i m p o r t a n t i n d o s e - s p e c i f i c s t u d i e s o f t h e 

ABCC. C a t e g o r i e s chosen were HE-39 leukemia l i v i n g c a s e s , A -286 

b r e a s t cancer l i v i n g c a s e s , ME-200 t h y r o i d c a n c e r , A - 2 5 5 m u l t i p l e 

neoplasms i n t h e autopsy sample , and A -323 m a l i g n a n t lymphoma i n t h e 

au topsy s e r i e s , and 128 d e a t h s i n TR 1 5 - 7 3 f rom a l l forms o f c a n c e r . 

I t was a g r e e d t h a t ORNL would r e v i e w t h e s h i e l d i n g h i s t o r i e s o f t h e s e 

c a s e s , wh ich t o t a l about 2 0 0 , on a low p r i o r i t y b a s i s , because o f a 

r e d u c t i o n o f s t a f f a s s o c i a t e d w i t h t h e Japanese d o s i m e t r y program a t 

ORNL. S h i e l d i n g h i s t o r i e s on t h e s e cases a r e t o be f o r w a r d e d t o ORNL 

b y Mr . S . F u j i t a o f t h e ABCC. 

S t u d y o f R a d i a t i o n Exposure t o S u r v i v o r s R e s i d i n g i n t h e U n i t e d S t a t e s 

A t o t a l o f 135 q u e s t i o n n a i r e s on persons i n t h e U n i t e d S t a t e s ( 4 2 

o b t a i n e d f rom t h e O f f i c e o f t h e C h i e f Med ica l E x a m i n e r - C o r o n e r f o r t h e 

County o f Los A n g e l e s , C a l i f o r n i a , and 93 o b t a i n e d f rom t h e Depar tment 

o f P u b l i c H e a l t h f o r t h e C i t y and County o f San F r a n c i s c o , C a l i f o r n i a ) 

were checked a g a i n s t t h e M a s t e r F i l e s o f t h e ABCC.1,0 Of t h e s e 1 3 5 , 65 
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persons were r e g i s t e r e d i n t h e M a s t e r F i l e s , and r a d i a t i o n exposure 

e s t i m a t e s were a v a i l a b l e f o r 25 o f t h e s e 65 p e r s o n s . I n f o r m a t i o n 

on 187 persons has now been checked a g a i n s t t h e M a s t e r F i l e s o f t h e 

ABCC d u r i n g two t r i p s t o t h e ABCC i n 1973 and 1S74. O f t h e s e 187 

p e r s o n s , 92 were l i s t e d i n t h e M a s t e r F i l e s , and r a d i a t i o n exposure 

e s t i m a t e s had been made by t n e ABCC f o r 37 o f t h e s e 92 p e r s o n s . A 

number o f n o n t r i v i a l r a d i a t i o n exposures have been i d e n t i f i e d f r o m 

e i t h e r r a d i a t i o n exposure d a t a o b t a i n e d f rom t h e f i l e s o f t h e ABCC o r 

r e v i e w s o f q u e s t i o n n a i r e s w i t h Mr. H i r o a k i Yamada o f t h e ABCC i n 

H i rosh ima and Mr. Yoshio Okamoto o f t h e ABCC i n N a g a s a k i , Japan. 

Arrangements were a l s o comple ted f o r Mr . Yamada's t r i o t o ORNL t o 

p a r t i c i p a t e i n t h e s t u d y f o r a p e r i o d o f one y e a r , s t a r t i n g a b o u t 

O c t o b e r 1 , 1974. D u r i n g t h i s p e r i o d , h i s s e r v i c e s w i l l be needed ( 1 ) 

i n C a l i f o r n i a t o h e l p some persons p i n p o i n t t h e i r l o c a t i o n a t t h e t i m e 

o f bombing, u s i n g e i t h e r p r e s t r i k e o r p o s t s t r i k e photographs o f t h e 

c i t i e s , and t o c o m p i l e s h i e l d i n g h i s t o r i e s on s u r v i v o r s exposed c l o s e 

t o t h e h y p o c e n t e r s and ( 2 ) a t ORNL i n making r a d i a t i o n exposure 

e s t i m a t e s and i n f i l i n g d a t a f o r f u t u r e r e f e r e n c e . The O f f i c e o f t h e 

C h i e f M e d i c a l Examiner -Coroner i n Los Angeles and t h e Depar tment o f 

P u b l i c H e a l t h i n San F r a n c i s c o w i l l p r o v i d e o f f i c e space f o r M r . 

Yamada and w i l l a r r a n g e i n t e r v i e w s w i t h t h e s u r v i v o r s . No i n t e r v i e w s 

a r e a n t i c i p a t e d w i t h s u r v i v o r s who have been r e l i a b l y l o c a t e d a t 

d i s t a n c e s g r e a t e r t h a n 3000 m e t e r s f rom t h e h y p o c e n t e r s o r have 

r a d i a t i o n exposure e s t i m a t e s made p r e v i o u s l y by t h e ABCC. 
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R a d i a t i o n exposure e s t i m a t e s w i l l be comple ted f o r a group o f 200 

to 250 s u r v i v o r s i n C a l i f o r n i a i n e a r l y 1975 and a r e p o r t summariz ing 

t h e f i n d i n g s f o r t h i s group w i l l be a v a i l a b l e by m i d - 1 9 7 5 . 

Comments by t h e ABCC and o t h e r s on a s t u d y o f a c u t e symptoms i n 

s u r v i v o r s exposed t o f a l l o u t i n H i r o s h i m a , which was p u b l i s h e d as an 

ORNL r e p o r t , 1 * 2 w i l l a l s o be r e v i e w e d w i t h Mr . Yamada d u r i n g h i s s t a y 

a t ORNL. Wi th some a d d i t i o n a l r e f i n e m e n t s o f t h i s w e l l r e c e i v e d 

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

ABCC s e r i e s o f r e p o r t s o r t h e open l i t e r a t u r e . 

F u t u r e o f ORNL L i a i s o n S t u d i e s w i t h t h e ABCC 

L i a i s o n s t u d i e s i n d o s i m e t r y w i t h t h e ABCC a r e now moving i n t o a 

new phase i n which c o r r e l a t i o n s o f m e d i c a l e f f e c t s w i t h e s t i m a t e s o f 

absorbed dose t o c r i t i c a l organs f o r each e f f e c t w i l l p r o v i d e b e t t e r 

e s t i m a t e s o f r i s k a s s o c i a t e d w i t h gamma r a y and n e u t r o n exposures and 

o f r a d i a t i o n q u a l i t y (RBE) o f n e u t r o n s . These s t u d i e s can add f a c t o r s 

o f two o r more t o some c u r r e n t e s t i m a t e s o f r i s k based on t i s s u e kerma 

i n f r e e a i r . For example , t h e a b s o l u t e r i s k o f l e u k e m i a f rom s t u d i e s 

o f s u r v i v o r s i n Nagasaki i s 0 . 5 6 c a s e s / 1 0 6 p e r s o n s / y e a r / r e m ( s e e 

T a b l e a - 7 , page 1 1 7 , BE1R R e p o r t ) . Based on some v e r y p r e l i m i n a r y 

c a l c u l a t i o n s a t ORNL and some d a t a p u b l i s h e d by DREO,31* t h e absorbed 

dose t o bone marrow i s o f t h e o r d e r o f 1 / 2 o f t h e t i s s u e kerma i n f r e e 

a i r f o r t h e s e s u r v i v o r s , who were 10 y e a r s o f age o r o l d e r and were 

exposed a l m o s t e n t i r e l y t o gamma r a d i a t i o n . T h e r e f o r e , an e s t i m a t e o f 

a b s o l u t e r i s k based on absorbed dose t o bone marrow would be o f t h e 

o r d e r o f 1 c a s e / 1 0 p e r s o n s / y e a r / r e m . An e s t i m a t e o f t h i s o r d e r i s , 

o f c o u r s e , i n b e t t e r agreement w i t h e s t i m a t e s o f 0 . 9 t o 1 . 3 and o f 1 . 2 
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c a s e s / 1 0 6 p e r s o n s / y e a r / r e m from s t u d i e s o f a d u l t s p o n d y l i t i c and 

menorrhag ia p a t i e n t s , r e s p e c t i v e l y , g i v e n i n T a b l e a - 7 o f t h e BEIR 

R e p o r t . I n H i r o s h i m a , t h e s u r v i v o r s a l s o r e c e i v e d s i g n i f i c a n t 

r a d i a t i o n exposures f rom n e u t r o n s , as w e l l as gamma r a y s . Hence, t h e 

magni tude o f t h e i n c r e a s e d a b s o l u t e r i s k o f l eukemia based on absorbed 

dose t o red bone marrow, r a t h e r than t i s s u e kerma i n f r e e a i r , w i l l be 

even g r e a t e r i n H i rosh ima than i n N a g a s a k i , and t h e RBE's f o r neu t rons 

d e r i v e d from t h e l eukemia s t u d i e s i n t h e two c i t i e s w i l l be l a r g e r 

t h a n c u r r e n t e s t i m a t e s ( s e e pages 100 t o 106 o f t h e BEIR R e p o r t ) . 

I n a r e c e n t r e p o r t , "Research Needs f o r E s t i m a t i n g t h e B i o l o g i c a l 

Hazards o f Low Doses o f I o n i z i n g R a d i a t i o n " , by an ad hoc panel o f t h e 

N a t i o n a l Academy o f S c i e n c e , 4 * 3 i t i s s t a t e d on pages 28 t o 3 0 : 

Undoubtedly t h e most u s e f u l d a t a a v a i l a b l e f o r 
e v a l u a t i o n o f t h e l a t e e f f e c t s o f r a d i a t i o n on man come f rom 
t h e Atomic Bomb C a s u a l t y Commission (ABCC). We r e g a r d t h e 
c o n t i n u e d s tudy o f t h i s un ique p o p u l a t i o n as e s s e n t i a l t o 
t h e e l u c i d a t i o n o f r i s k e s t i m a t e s f o r c a r c i n o g e n i c e f f e c t o f 
r a d i a t i o n on man. Not o n l y i s t h e p o p u l a t i o n under s t u d y o f 
a l a r g e s i z e ( o v e r 1 0 0 , 0 0 0 i n d i v i d u a l s ) and i r r a d i a t e d f o r 
o t h e r than med ica l reasons (wh ich o f t e n i n t r o d u c e s 
u n c e r t a i n t y i n t o t h e i n t e r p r e t a t i o n o f d a t a f r o m p a t i e n t s ) , 
b u t , a l s o , t h e s u r v i v o r s r e c e i v e d i r r a d i a t i o n a t a l l ages 
and i n doses r a n g i n g f rom a few rads t o near l e t h a l l e v e l s . 
Many i m p o r t a n t q u e s t i o n s remain t o be answered i n c o n n e c t i o n 
w i t h these A-bomb s u r v i v o r s , which have a d i r e c t b e a r i n g on 
our e s t i m a t i o n o f t h e r i s k t o human p o p u l a t i o n s f rom 
exposure t o r a d i a t i o n a t o r n e a r background l e v e l s . 

E s t i m a t e d excess cancer r a t e s a r e d e r i v e d f rom 
o b s e r v a t i o n s on s u r v i v o r s o f H i rosh ima and Nagasak i averaged 
over t h e p e r i o d 1960 t o 1970 . Ue do no t know w h e t h e r t h e 
excess cancer d e a t h r a t e s o f t h e s e s u r v i v o r s w i l l r i s e , 
remain t h e same, o r d e c r e a s e d u r i n g t h e coming y e a r s . 

We would e s t i m a t e t h a t d e f i n i t i v e answers t o t h e s e 
q u e s t i o n s w i l l t a k e a f u r t h e r 20 t o 30 y e a r s o f f o l l o w - u p by 
t h e ABCC and c o u l d r e f i n e p r e s e n t r i s k e s t i m a t e s down by a 
f a c t o r o f 2 o r up by a f a c t o r o f 3 t o 4 . 
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As demonst ra ted by t h e examples on l e u k e m i a and b r e a s t c a n c e r , 

use o f i n v i v o doses i n e s t i m a t i n g r i s k s f rom t h e ABCC s t u d i e s can 

r e s u l t i n r e f i n e m e n t s equal i n magni tude t o t h o s e deemed i m p o r t a n t by 

t h i s p a n e l . M o r e o v e r , c o r r e l a t i o n s o f observed m e d i c a l e f f e c t s w i t h 

i n v i v o doses a r e a n e c e s s i t y i n i n t e r p r e t i n g d i f f e r e n c e s i n dose 

s p e c i f i c a n a l y s e s and d e r i v i n g v a l i d RBE's f o r neu t rons f rom d a t a f o r 

t h e two c i t i e s . 

H o p e f u l l y , t h e impor tance o f t h e c u r r e n t l i a i s o n s t u d i e s between 

t h e ABCC and ORNL, e s p e c i a l l y i n t h e a r e a o f i n v i v o d o s i m e t r y , have 

been p o i n t e d o u t i n t h i s r e p o r t . The f u t u r e o f t h e s e l i a i s o n s t u d i e s 

i s , however , unknown a t p r e s e n t because o f u n c e r t a i n t i e s i n v o l v e d i n 

( a ) t h e proposed r e o r g a n i z a t i o n o f t h e ABCC and ( b ) t h e l e v e l o f 

f u n d i n g p r o v i d e d by t h e Energy Research and Development A d m i n i s t r a t i o n 

f o r ABCC d o s i m e t r y suppor t programs a t ORNL and l i a i s o n a c t i v i t i e s . 
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TABIE ESTIMATES OF ABSORBED OOSE TO THE BREASTS AND FETUS OF AN 

ATOMIC 80MB SURVIVOR IN TERMS OF TISSUE KERMA IN FREE AIR 

Absorbed £k>se/T1ssue Kerma i n F r e e A i r B r e a s t s F e t u s 

D / K 0 . 8 0 0 . 4 2 Y Y 

D J K 0 . 5 5 0 . 1 4 
v , p n 

/ K 0 . 0 4 5 0 . 0 7 7 
N»Y N 
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TABLE 2 . ESTIMATES OF ABSORBED DOSE TO THE FETUS OF AN ATOMIC BOMB 

SURVIVOR I N TERMS OF TISSUE KERMA I N FREE AIR AS A FUNC-

TION OF FETAL DEVELOPMENT BY TRIMESTERS 

S t a g e o f F e t a l Development by T r i m e s t e r s 

F i r s t Second T h i r d 

P e n e t r a t i o n d e p t h f o r i n c i d e n t 8 cm 6 cm 8 cm 
r a d i a t i o n measured f r o m s u r -
f a c e o f abdomen t o c e n t e r o f 
u t e r u s * 

Geometry o f Embryo o r F e t u s : * * 

Radius 0 . 1 3 - 1 cm 2 - 3 cm 4 - 5 cm 
Crown-Rump Length 0 . 1 3 - 5 . 5 cm 1 0 - 2 0 cm 2 3 - 3 0 cm 

Absorbed D o s e / T i s s u e Kerma: 

D y / K Y 0 . 4 0 0 . 4 3 0 . 4 2 

0 . 1 2 0 . 1 5 0 . 1 4 

D n > Y / K n 0 . 0 7 8 0 . 0 7 6 0 . 0 7 7 

* . V 

A. T a b u c h i , e t a l _ . , H i rosh ima Da igaku Igakubu Zassh i 1 2 ( 1 . 2 ) , 5 7 - 6 9 , 
F e b r u a r y 1 9 6 3 7 

T . D. Jones e t a l _ . , t o be p u b l i s h e d i n H e a l t h P h y s i c s . 
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TABLE 3 . ESTIMATES OF ABSORBED DOSE TO A FIRST-TRIMESTER FETUS OF 

AN ATOMIC BOMB SURVIVOR IN TERMS OF TISSUE KERMA IN FREE AIR 

Absorbed D o s e / T i s s u e Kerma ORNL NIRS* Bond e t a h 

D A 0 . 4 2 0 . 6 7 - 0 . 7 0 0 . 9 0 

D n / K n 
0 . 1 4 0 . 1 5 - 0 . 1 7 * * 0 . 1 7 

" W K n 0 . 0 7 7 0 . 1 0 - 0 . 1 1 — 

* 

Range covers d i f f e r e n c e s i n o r i e n t a t i o n and b u r s t h e i g h t s i n 
H i rosh ima and Nagasaki c o n s i d e r e d by Hashizume e t a l . 

R e c o i l p r o t o n s and o t h e r r e c o i l n u c l e i p l u s N ( n , p ) C r e a c t i o n . 
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0.3 

— 0.2 

— 42-MV X-RAY 
SPECTRUM 
MEASURED AT \ 
NIRS (INTEGRATED \ 
OVER x 

0.66-MeV GAMMA RAYS 
MEASURED AT DREO 

0.1 

ORNL-OWG 7 5 - 4 3 5 6 

T T T 
4-MeV NEUTRONS 
CALCULATED AT ORNL 

•9Be (A/>) i 0 B REACTION 
NEUTRONS MEASURED 
AT NIRS ($«0) 

0 30 6 0 90 
8. ANGLE OF SLANT INCIDENCE (deg) 

0 30 6 0 90 
B, ANGLE OF SLANT INCIDENCE (deg) 

HE 1 . ABSORBED DOSE AT CENTER OF ABDOMEN PER UNIT KERMA I N FREE AIR 
AS A FUNCTION OF THE SLANT ANGLE OF INCIDENCE, e , OF THE 
RADIATION ON THE BODY. NORMAL INCIDENCE CORRESPONDS TO e = 0 . 


