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I a t tach a set of 1 2  Fact Sheets  t ha t  were prepared for  the  Review Committee. 
The  f i r s t  six were dis t r ibuted to all Committee members, while t he  second group 
were only given to D r s .  Matanoski and Sagan. You may find these of interest  
in seeing how your  own work relates to tha t  of o thers  in CHR.  

I would like to take th i s  opportunity to thank those who prepared these Fact 
Sheets,  and  also those who prepared and se t  up the  material for  the  poster 
sessions with the  Committee members. 
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Fact  Shee t  on  

Fibrosarcoma i n  a Radium Wrker 60 Years A f t e r  Exposure 

As o f  December 31, 1980, t h e  last r e p o r t e d  case of  bone sarcoma had been 
diagnosed i n  1977; the average  s k e l e t a l  absorbed dose recorded f o r  t h a t  d i a l  
p a i n t e r  was 6589 r ads .  Up t o  December 19, 1980 , t h e  lowes t  absorbed  dose i n  a 
case o f  bone sarcoma was 888. 

A new case of f ibrosarcoma of t h e  femur has  now been r e p o r t e d .  The 
p a t i e n t  was a d i a l  p a i n t e r  i n  Orange, N e w  J e r s e y ,  f o r  t h r e e  months i n  1918 and 
s i x  months i n  1919. During t h e  1960 ' s  she was followed by t h e  N e w  J e r s e y  
Heal th  Department where she had skeletal  x-rays and measurement o f  h e r  radium 
body burden. H e r  major h e a l t h  complaint  a t  t h a t  t i m e  was rheumatoid a r t h r i t i s  
which a f f e c t e d  h e r  hands and f e e t ;  she had had r a d i a t i o n  t r e a t m e n t  f o r  a r t h r i -  
t i s  of t h e  ank le  and w r i s t s  i n  1954. 

H e r  o r i g i n a l  x-ray survey of t h e  s k e l e t o n  i n  1962 r e p o r t e d  coarsening  o f  
t h e  t r a b e c u l a r  p a t t e r n  o f  t h e  r a d i u s ,  u lna ,  t i b i a  and f i b u l a .  I n  a d d i t i o n  
m u l t i p l e  r a d i o l u c e n t  areas were noted i n  t h e  s k u l l ,  mandible,  bo th  femoral 
condyles ,  both t ib ias  and both f i b u l a s .  H e r  body burden o f  226Ra as of 1962 
w a s  reported t o  be 0.177 VCi. By 1971 a r e a s  of "dense bone nec ros i s "  were 
be ing  r epor t ed  i n  t h e  d i s t a l  femurs and proximal  t i b i a s  and f i b u l a s .  

O n  August 7 ,  7981, she  was found t o  have a p a t h o l o g i c  f r a c t u r e  of t h e  
r i g h t  d i s t a l  femur. The femur was desc r ibed  as "moth-eaten", with no remain- 
i n g  c o r t i c a l  bone i n  the area of t h e  tumor. S c l e r o t i c  changes i n  t h e  proximal 
t i b i a  were reported. Amputation was done A p r i l  28, 1982 and t h e  pa tho log ic  
d i a g n o s i s  m s  f ibrosarcoma.  The p a t h o l o g i s t  commented o n  "bone i n f a r c t s "  i n  
t h e  medullary c a v i t y  o f  t h e  t i b i a  as w e l l  as i n  areas of t h e  tumor. 

S ince  t h i s  p a t i e n t ' s  226R, i n p u t  was c a l c u l a t e d  t o  be 25 p C i  and h e r  
average  skeletal  absorbed dose 390 r a d s ,  she is t h e  lowes t  dose radium worker 
t o  d a t e  t o  deve lop  a bone tumor. It seemed d e s i r a b l e  t o  compare h e r  e a r l i e r  
bone f ind ings  with workers who had s imi la r  doses .  Using cr i ter ia  of b i r t h  
d a t e  b e f o r e  1910, employment b e f o r e  1925, 2 2 6 R a  i n t a k e  dose o f  25-35 p C i  and 
2 2 8 R a  ( 5  p C i ,  t h e  c h a r t s  and x-rays of twelve p a t i e n t s  w e r e  reviewed.  

N o  x-ray reports were a v a i l a b l e  f o r  one p a t i e n t  i n  t h i s  group. Of t h e  
remaining e l even ,  f o u r  showed a r e a s  of lucency and/or coa r se  t r a b e c u l a t i o n  i n  
t h e  r a d i u s ,  u lna ,  t i b i a ,  and f i b u l a .  No  rad ium-re la ted  f i n d i n g s  were recorded 
f o r  t h e  femurs excep t  i n  one case  (05-025)  which showed i s o l a t e d  s c l e r o s i s  i n  
t h e  femurs and t i b i a s ,  b u t  no r a d i o l u c e n c i e s ;  t h e s e  f i n d i n g s  were a s c r i b e d  by 
o u r  r eade r  t o  non r ad iu i i - r e l a t ed  causes  ( ?  p a n c r e a t i t i s ) .  

P repa red  by Evelyn E.  A d a m s ,  M.D. 
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R e v i e w  of t h e  bone tumor case with t h e  next lowest radium burden (888 
r a d s )  revealed s t r i k i n g  similari t ies t o  t h e  p r e s e n t  case. The p a t i e n t  had 
drunk radium water in 1922 for rheumatoid a r t h r i t i s  and had developed f ib ro -  
sarcoma of t h e  d i s ta l  r i g h t  femur when i n  her 7 0 ' s .  X-ray f i n d i n g s  included 
r a d i o l u c e n c i e s  and dense sclerosis of t h e  d i s t a l  femur and proximal t i b i a .  
She also had l u c e n c i e s  i n  t h e  skull, r a d i u s ,  u lna ,  and f i b u l a .  

i 

Thus our p r e s e n t  case has  x-ray f i n d i n g s  which resemble much more closely 
t h o s e  of a n o t h e r  patient c a l c u l a t e d  t o  have more t h a n  twice as much radium 
t h a n  t h e y  resemble x-rays of cases with a: c a l c u l a t e d  dose similar t o  hers. It 
i s  also i n t e r e s t i n g  t h a t  t h e  t m  s i m i l a r  cases both had rheumatoid a r t h r i t i s  
( t h i s  d i a g n o s i s  preceded radium exposure i n  t h e  second case). It w u l d  be 
d e s i r a b l e  t o  confirm t h e  radium dose i n  our  p r e s e n t  case. I n  a d d i t i o n ,  one  
must raise t h e  q u e s t i o n  of what a s s o c i a t i o n ,  i f  any, t h e r e  is between tumor 
development i n  radium cases and rheumatoid a r t h r i t i s .  
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Fac t  Shee t  on 

The D i s t r i b u t i o n  and Re ten t ion  i n  Bone of 226Ra 
and Comparison wi th  t h e  I C R P  20 Model 

(Total  e f f o r t  1.0 p-y) 

Over 650 bone samples were ana lyzed  from 66 female and 26 male s u b j e c t s  
who had acqu i red  s i g n i f i c a n t  amounts of radium a s  d i a l  p a i n t e r s ,  as radium 
chemis t s ,  or i n  t h e  c o u r s e  of medical  t r e a t m e n t ,  and had d i e d  from less than 
one t o  60 yea r s  a f t e r  f i r s t  exposure t o  radium. The e x t e n t  t o  which t h e  d a t a  
p rov ided  suppor t  f o r  t h e  I C R P  model of a l k a l i n e  e a r t h  metabolism i n  man1 was 
examined and ev idence  w a s  sought  f o r  an e f f e c t  of r a d i a t i o n  on t h e  metabolism 
o f  radium i n  man. 

To ana lyze  t h e s e  r e s u l t s  t h e  r a t i o s  of 2 2 6 R a  t o  calcium were normalized 
The 226Ra/Ca r a t i o s  f o r  v e r t e b r a  were t o  t h e  t e r m i n a l  226Ra s k e l e t a l  con ten t .  

e s s e n t i a l l y  i d e n t i c a l  t o  t h o s e  f o r  o t h e r  c a n c e l l o u s  bone f o r  a given subject .  

Comparison of t h e  d a t a  with p r e d i c t i o n s  of t h e  ICRP model showed t h a t  f o r  
conpac t  bone ( f emora l  and t i b i a l  s h a f t )  from females  t h e  normalized 226Ra/Ca 
r a t i o s  tended t o  be less t han  p r e d i c t e d ,  wh i l e  t hose  f o r  males w e r e  f i t t e d  
b e t t e r  by t h e  model, as shown i n  F igu res  1 and 2, r e s p e c t i v e l y  ( o v e r l e a f ) .  A 
v e r s i o n  of t h i s  model w i th  modif ied parameters '  gave a somewhat b e t t e r  f i t  f o r  
t h e  d a t a  from females ,  b u t  was e s s e n t i a l l y  i d e n t i c a l  f o r  males (dashed 
l i n e s ) .  S t r a i g h t  l i n e  l i n e a r  least  squa res  f i t s  t o  the  d a t a  appeared t o  f i t  
t h e  d a t a  as w e l l  a s ,  or  b e t t e r  than ,  t h e  models as shown by t h e  d o t t e d  l i n e s  
on t h e  f i g u r e s .  For  c a n c e l l o u s  bone t h e  r a t i o s  tended t o  be g r e a t e r  than 
p r e d i c t e d  by t h e  model. 

A r a d i a t i o n  e f f e c t  w a s  sugges ted  i n  t h a t  t h e  normalized 226Ra/Ca ratio 
for  v e r t e b r a e  r e l a t i v e  t o  t h e  r a t io  expected i n c r e a s e d  with s k e l e t a l  absorbed 
dose  f o r  ve r t eb rae .  However, no such e f f e c t  w a s  apparent  f o r  compact bone or 
for t h e  cance l lous  bone as a whole. 
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F a c t  Sheet  on 

S t a t u s  of C e l l  C u l t u r e  S t u d i e s  
( T o t a l  e f f o r t  1.0 p-y) 

His torv  

C e l l  cu l ture  s tud ies  were begun i n  t h e  mid-1970's by D r .  E. Lloyd. The 
purpose w a s  t o  inves t iga te  t h e  mechanisms of tumor i n d u c t i o n  wi th  emphasis on 
t h o s e  a s p e c t s  which would improve our unde r s t and ing  of bone and mastoid tumor 
r i s k  i n  radium p a t i e n t s .  The work culminated wi th  s u r v i v a l  and t r a n s f o r m a t i o n  
s t u d i e s  of C3H 10T1/2 cells ,  a l i n e  of f i b r o b l a s t - l i k e  ce l l s  de r ived  from t h e  
embryo of t h e  C3H mouse. 

The s u r v i v a l  s tud ie s  s h a t t e r e d  t h e  long-held b e l i e f  t h a t  t h e  pas sage  of a 
s i n g l e  a l p h a  par t ic le  through a c e l l  would k i l l  t h e  cell .  D r .  Lloyd found 
t h a t  cel ls  could e a s i l y  s u r v i v e  many a lpha  p a r t i c l e  h i t s .  The t r a n s f o r m a t i o n  
s t u d i e s  demonstrated f o r  t h e  f i r s t  t i m e  t h a t  a lpha  p a r t i c l e s  cou ld  induce  
malignancy. P r i o r  t o  t h i s ,  it w a s  only suppdscd front i n  v ivo  evidence t h a t  
a l p h a  p a r t i c l e s  themselves  cou ld  be c a r c i n o g e n i c  i n  t h e  absence of any o t h e r  
known or  p o t e n t i a l  carcinogen.  

D r .  Lloyd w a s  h o s p i t a l i z e d  i n  t h e  s p r i n g  of 1981 and d i e d  e a r l y  t h i s  
yea r .  H e r  group d i s s o l v e d  abou t  a y e a r  ago when it became clear  t h a t  D r .  
L loyd ' s  recovery would be slower than  expected. DOE funding con t inued  a t  a 
l e v e l  s u f f i c i e n t  t o  s u p p o r t  one person.  Funding r educ t ions  i n  o t h e r  programs 
p r e c l u d e d  t h e  replacement  of D r .  Lloyd. We have souqht t o  con t inue  h e r  work 
wi th  s t a f f  members who had no p r i o r  ce l l  c u l t u r e  experience.  

Cur ren t  E f f o r t s  and P l a n s  

Through r ead ing ,  t r i a l  and error, o c c a s i o n a l  adv ice  from o t h e r s  and t h e  
r e c e n t  a i d  of a c o n s u l t i n g  c e l l  c u l t u r e  t e c h n i c i a n  from t h e  U n i v e r s i t y  of 
Chicago, we are  accumulat ing t h e  necessa ry  expe r i ence  with a s e p t i c  and s te r i le  
t echn ique  t o  begin ser ious experimentat ion.  The development of t e c h n i c a l  
s k i l l s  i s  a process which w i l l  cont inue.  During 1983, it w i l l  i n c l u d e  formal 
t r a i n i n g  f o r  t w o  s t a f f  m e m b e r s  (R. A. Schlenker  and E. G. Thompson) a t  s h o r t  
c o u r s e s  given by ce l l  c u l t u r e  experts at t h e  W. Alton Jones C e l l  Sc i ence  
Center  and t h e  Cold S p r i n g  Harbor Laboratory.  

Work has  con t inued  on an  a l p h a  p a r t i c l e  i r r a d i a t i o n  f a c i l i t y  des igned  by 
D r .  Lloyd b u t  l e f t  un f in i shed .  Weak a lpha  p a r t i c l e  sou rces  have been used t o  
de t e rmine  t h e  v a r i a b l e s  which most s i g n i f i c a n t l y  a f f e c t  dose and t o  estimate 
t h e  dose rates which w i l l  be o b t a i n e d  when t h e  i n t e n s e  a lpha  particle s o u r c e  
i s  i n s t a l l e d .  I t  a p p e a r s  t h a t  i r r a d i a t i o n  times of a few seconds to a f e w  
minutes w i l l  p rov ide  t h e  range of doses r e q u i r e d  f o r  c e l l  t r a n s f o r m a t i o n  
s t a d i e s .  This w i l l  be d i s c u s s e d  f u r t h e r  du r ing  t h e  p o s t e r  p r e s e n t a t i o n s .  

Prepared by R. A. Schlenker Argonne Na t iona l  Labora to ry  



We expect t o  commission t h e  i r r a d i a t i o n  f a c i l i t y  a t  y e a r ' s  end, t o  be 
able t o  conduct cel l  s u r v i v a l  s t u d i e s  by t h e  end of w i n t e r  and to  be ready for 
c e l l  t r a n s f o r m a t i o n  s t u d i e s  by t h e  end of summer. Our f i r s t  goal  is  t o  r e p e a t  
Dr. Lloyd's  work wi th  cells of lower passage number, t h u s  removing a major 
c r i t i c i s m  of h e r  work. Following that, w e  p l a n  t o  determine t r ans fo rma t ion  
frequency as a f u n c t i o n  of a lpha  p a r t i c l e  beam angle ,  an experiment suggested 
by t h e o r e t i c a l  s t u d i e s  of D r .  J .  Marshal l ,  which p r e d i c t  a dependence of 
frequency on angle .  I f  ver i f ied,  t h i s  wjuld i n d i c a t e  t h a t  the shapes of t h e  
dose response curve for bone cance r  are d i f f e r e n t  f o r  s u r f a c e  s e e k e r s ,  e . g b ,  
239Pu t h a n  f o r  volume s e e k e r s ,  e - g . ,  226Ra. Such a d i f f e r e n c e  has a l r e a d y  
been observed i n  dogs and would be impor t an t  €or t h e  p r e d i c t i o n  of cance r  r i s k  
i n  humans . 
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F a c t  Shee t  on 

Non-Stochastic E f f e c t s  o f  226Ra and 228Ra i n  the Human Ske le ton  
( T o t a l  e f f o r t  0.6 p-y) 

A comparat ive s tudy  has  been c a r r i e d  o u t  of graded responses  determined by e v a l u a t i o n  
of s k e l e t a l  rad iographs  i n  t w o  groups of former radium d i a l  workers exposed a t  an average  
age  of 20 yr.' One group was employed i n  I l l i n o i s  i n  1921-1937 and was 
exposed predominant ly  to 226Ra. The o t h e r  was employed i n  Connect icu t  i n  1917-1935 and 
w a s  exposed predominant ly  t o  228Ra b e f o r e  1926. The h i g h e r  sys temic  i n t a k e s  of radium 
occurred  pr ior  to 1926 i n  both l o c a t i o n s .  Consequently,  a t  t h e  l e v e l s  of dosage 
a s s o c i a t e d  w i t h  c l i n i c a l l y - s i g n i f i c a n t  r a d i o g r a p h i c  l e s i o n s ,  t h e  s tudy  v i r t u a l l y  
c o n s t i t u t e d  a comparison of t he  s e p a r a t e  e f f e c t s  of t h e  t w o  r a d i u q  i so topes .  

All were female.  

The s k e l e t o n  w a s  d i v i d e d  i n t o  20 r a d i o g r a p h i c  a r e a s ,  each of which was r a t e d  
numerica.lly f o r  changes a t t r i b u t a b l e  t o  radium: 2t3 0 f o r  no e f f e c t s ;  0.5 f o r  b a r e l y  
d e t e c t a b l e  changes such as minimal t r a b e c u l a r  a l t e r a t i o n ;  1, 2, o r  3 accord ing  t o  t h e  
e x t e n t  of r a d i o l u c e n t  and dense bone n e c r o s i s ,  o c c u r r i n g  m o s t  f r e q u e n t l y  i n  long  bones and 
s k u l l ;  and 4 for large a r e a s  of a s e p t i c  n e c r o s i s ,  o c c u r r i n g  g e n e r a l l y  i n  areas of g r e a t e s t  
mechanical stress and p a r t i c u l a r l y  i n  t h e  heads of t h e  femurs. The r a t i n g s  f o r  t h e  twenty 
s k e l e t a l  a r e a s  w e r e  added t o  o b t a i n  t h e  "reduced score"  f o r  t h e  ske le ton ,  as opposed t o  
the  " c l a s s i c a l  score", which would have inc luded  r a t i n g s  of 4 for p a t h o l o g i c a l  f r a c t u r e  
and 5 for  malignancy of bone or of p a r a n a s a l  s i n u s e s  or mastoids .  Means and s t a n d a r d  
errors of t h e  reduced s c o r e s  i n  t e n  classes of sys temic  i n t a k e  or dosage D and s i x  c l a s s e s  
of t i m e  t p o s t  exposure w e r e  d e t e m i n e d  f o r  t h e  t w o  groups of d i a l  workers. The d a t a  a t  t 

40 y r  (mean = 50 y r )  and a f u n c t i o n  of dosage and t i m e  f i t t e d  t o  a l l  t h e  I l l i n o i s  d a t a  
on ly ,  bu t  which seems t o  d e s c r i b e  t he  Connecticut-worker (228Ra) d a t a  a l s o ,  a r e  shown i n  
Fig. 1. 

The degree of change i n  an i n d i v i d u a l  skeleton f a l l s  i n t o  one of f i v e  c a t e g o r i e s  
cor responding  t o  the reduced s c o r e :  n e g a t i v e  (O), minimal (0 .5  t o  8); mild (8.5 t o  161, 
moderate (16.5 t o  25) ; and advanced (>  25) .  A r a t i n g  of 4 or 5 i n  any a r e a  places t h e  
case  i n  t h e  advanced c a t e g o r y  i r r e s p e c t i v e  of t h e  reduced s c o r e .  The v a s t  m a j o r i t y  of 
workers a t  i n t a k e s  < 10 pCi showed a n e g a t i v e  response.  The low frequency of s c o r e s  i n  
t h e  minimal ca t egory  a t  i n t a k e s  < 10 p c i  v a r i e d  u n s y s t e m a t i c a l l y  among t h e  dosage and t ime 
classes and showed an  average  frequency s imilar  t o  t h a t  observed i n  unexposed s u b j e c t s .  

The r e l a t i o n s h i p  w a s  i n v e s t i g a t e d  between t h e  dosage D and t h e  percentage  of exposed 
workers i n  t h e  t w o  groups combined whose s k e l e t a l  rad iographs  a t  t > 30 yr (mean = 42 yr) 
w e r e  r a t e d  i n  a ca t egory  of change above m i n i m a l  ( s c o r e  > 8). This  r e l a t i o n s h i p  was 
d e s c r i b e d  both by a lognormal cumula t ive  frequency d i s t r i b u t i o n  and by a func t ion  t h a t  was 
v i r t u a l l y  l i n e a r  a t  dosages < 10 p C i .  The va lue  of x2 f o r  t h e  f i t  of t h e  former was 3.99 
( n  = 2, P > 0.1) and f o r  t h e  l a t t e r  it w a s  6.35 ( n  = 3, P > 0.05).  The dose-response d a t a  
and f i t t e d  f u n c t i o n s  a r e  shown i n  Fig.  2. The reduced-score d a t a  sugges ted  a " p r a c t i c a l  
t h re sho ld"  f o r  c l i n i c a l l y - s i g n i r i c a n t  r a d i o g r a p h i c  l e s i o n s  of t h e  o rde r  of 1 DCi sys t emic  
i n t a k e  of e i ther  radium i so tope .  P a t h o l o g i c a l  fractures w e r e  no t  observed a t  dosages 
below 280 and 180 p C i  i n  t h e  I l l i n o i s  and  Connect icu t  groups,  r e s p e c t i v e l y .  Both dosages 
corresponded t o  an absorbed dose o f ' a b o u t  2600 r ad  t o  the s k e l e t o n .  Above these  dosages,  
43% of t h e  workers i n  each group had one o r  more p a t h o l o g i c a l  f r a c t u r e s .  
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2. Percen tage  of exposed workers showing greater t h a n  minimal change 
V e r t i c a l  l i n e s  are f 1 binomial  s t anda rd  

The s o l i d  cu rve  is  t h e  lognormal cumulat ive frequency d i s t r i b u t i o n  
(reduced score > 8 )  vs. dosage. 
e r r o r .  
w i t h  a qeometr ic  mean of 90 l.iCi and a geometr ic  s t a n d a r d  d e v i a t i o n  of 2.7. 
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Fact  Sheet on 

Radium Exposure R e g i s t r y  
( T o t a l  e f f o r t  5.0 p-y) 

I n d u s t r i a l  and medical  usage of radium began i n  t h e  U . S .  about  1913. 
Workers were h e a v i l y  exposed i n  t h e  radium d i a l  and o t h e r  i n d u s t r i e s  u n t i l  
1925, when t h e  t o x i c  e f f e c t s  of radium became known and s a f e t y  measures w e r e  
adopted. T h e r a p e u t i c  exposures  occur red  through 1930, a long  w i t h  lesser 
o c c u p a t i o n a l  exposures .  The radium d i a l  i n d u s t r y  r ev ived  du r ing  World War 11, 
c r e a t i n g  a l a r g e  cohort wit'n l o w e r  exposures .  The e a r l y  radium cohort is  t h e  
only l a r g e  group of humans exposed ( n o n - t h e r a p e u t i c a l l y )  t o  i n t e r n a l l y  
depos i t ed  a lpha -emi t t i ng  r a d i o n u c l i d e s  a t  l e v e l s  c a u s i n g  unequivocal  h e a l t h  
e f  Eects. T h i s  p e r m i t s  dose-response e s t ima tes .  The later c o h o r t s  bo th  
v a l i d a t e  t h e  l o w e r  end of t h e  dose-response cu rves  and are i n v a l u a b l e  as l o w -  
dose  c o n t r o l s  i n  t h e  a n a l y s i s  of o t h e r  cancers .  Knowledge of t h e  e f f e c t s  of 
a lpha -emi t t e r s  is v i t a l  i n  p r e d i c t i n g  h e a l t h  e f f e c t s  i n  t h e  n u c l e a r  power 
i n d u s t r y ,  e s p e c i a l l y  wi th  respect t o  f u e l  r ep rocess ing ,  and i n  t h e  n u c l e a r  
defense  i n d u s t r y .  Exposure s t a n d a r d s  f o r  plutonimn and o t h e r  a lpha -emi t t e r s  
have been set  on t h e  b a s i s  of human expe r i ences  w i t h  radium. Radium i s  
c u r r e n t l y  of major concern  as a t r a c e  subs t ance  i n  w a t e r  s u p p l i e s .  

Cur ren t  f i n d i n g s .  The p r i n c i p a l  e f f e c t s  OE radium are osteosarcomas,  
carcinomas of t h e  p a r a n a s a l  s i n u s e s  and mastoids ,  and s k e l e t a l  changes such as 
bone n e c r o s i s  and c o a r s e n i n g  of t r a b e c u l a t i o n .  Over 80 c a s e s  of bone sarcoma 
and over  30 c a s e s  of s i n u s  o r  mastoid tumor have been i d e n t i f i e d .  A r e c e n t  
f i n d i n g  is t h a t  time-to-tumor r e l a t i o n s h i p s  for osteosarcoma have been 
i n c o r r e c t l y  stated: age a t  appearance r a t h e r  than  i n d u c t i o n  p e r i o d  relates t o  
dose. This is impor t an t  i n  t h e  d e f i n i t i o n  of "practical t h r e s h o l d s "  based on 
l i f e s p a n .  

The excess  m u l t i p l e  myeloma among e a r l y  d i a l  workers has  been shown t o  be 
more c l o s e l y  a s s o c i a t e d  wi th  gamma t han  radium exposures .  ' E r y t h r o c y t i c  
leukemia has  been i d e n t i f i e d  as an outcome of c h r o n i c  i n t e r n a l  or e x t e r n a l  
i r r a d i a t o n ,  b u t  on ly  i n  males. A p r e v i o u s l y  r e p o r t e d  a s s o c i a t i o n  of b r e a s t  
cance r  t o  radium has  been shown no t  t o  e x i s t . '  Among females ,  it is clear 
t h a t  t h e r e  has  been no excess  of leukemia.' Study of t h e  r e l a t i o n s h i p  between 
radium body burdens and f e r t i l i t y 3  i s  now a s e p a r a t e  project. 

S t a t u s  of f i e ldwork  and fo1lo.d-up. From r e c o r d s  of ear l ier  radium 
r e s e a r c h  p r o j e c t s  and e f f o r t s  of t h e  Center  s i n c e  1969, over  6000 pe r sons  
e q o s e d  t o  radium have been i d e n t i f i e d .  Most w e r e  i n  t h e  radium d i a l  
i n d u s t r y .  The fo l lowing  t a b l e  summarizes t h e  c u r r e n t  follow-up s t a t u s  of 
radium cases: 
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Alive Deceased Lost and 
Measured Unmeasured Measured Unmeasured Unlocated Total i 

Dial workers 
before 1930 513 157 482 530 355 2037 

after 1930 944 478 95 286 475 2278 

Non-dial radium 56 32 120 168 67 443 

Not included above are approximately 1000 exposed and 600 non-exposed 
workers from U.S. Radium Co. in Bloomsburg, Pennsylvania, on whom intensive 
follow-up began in late August, 1982. A random sample of these are being 
brought in for measurement. In addition, all living subjects in the data base 
are followed by mail and phone every 18 months. 

Rzture plans. We will continue to register all authenticated cases of 
radium exposure, so that potential for future investigations is maintained. 
Some research interest has reverted to osteosarcoma and head carcinomas, since 
the dose correlations with time-to-tumor imply practical thresholds and the 
correlations clearly have not been car&€ully investigated. Further 
documentation of the negative breast cancer findings is of priority. A 
mortality analysis of cancer in the male radium cases is also planned. 

Two projects have been separately identified: the studies of reproductive 
effects in the dial painters, and a lung cancer study which particularly i 
involves an effort to estimate radon daughter exposures in the workplace. 

Two long-term investigations still need to be furthered: statistical 
reconstruction of underlying populations to resolve the "objective- 
nonobjective" ascertainment question, and epidemiological investigations into 
factors associated with radium retention beyond duration of employment. 
Analyses suggest that current radium levels show associations with factors 
other than duration and external radiation. 
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F a c t  Shee t  on 

Y-Ray Spec t romet r i c  Analys is  of Thorium Dauqhters i n  Vivo by Leas t  Squares 
( T o t a l  e f f o r t  0 .2  p-y) 

I n t r o d u c t i o n  

A t  least  f ive  of t h e  decay p roduc t s  of 232Th have h a l f - l i v e s  which are 
l o n g  enough (e.g. >1 h o u r )  f o r  them t o  t r a n s l o c a t e  i n  v ivo  be fo re  they decay. 
I n  o r d e r  to  de termine  t h e  r a d i a t i o n  dose  r ece ived  by a p a t i e n t  con ta in ing  
232Th, i t  is therefore necessa ry  t o  have some in fo rma t ion  on t h e  degree of  
e q u i l i b r i u m  p r e s e n t  among t h e  daugh te r s  i n  vivo. The daugh te r s  a r e  n o t  
expec ted  to  be i n  e q u i l i b r i u m  i n  v ivo  because of t h e i r  d i f f e r e n t  chemical  
n a t u r e s  and t h e r e f o r e  metabolic behavior ,  and a l s o  because of exha la t ion  of 
220Rn. Fo r tuna te ly ,  such i n f o r m a t i o n  can be ob ta ined  by c a r e f u l  a n a l y s i s  of  
Y-ray spectra observed i n  vivo.  

Method 

I n  t h e  e n t i r e  232'Xh decay cha in ,  a p p r e c i a b l e  Y-ray emission occurs  a t  
o n l y  t w o  p o i n t s :  228Ac ,  and 212Pb and i t s  daughters .  Note t h a t  228Ac and 
212Pb precede  and fo l low 220Rn, r e s p e c t i v e l y .  The amount of 212Pb present i n  
v ivo  is  n e c e s s a r i l y  equal to  t h e  f r a c t i o n  of its precursor, 220Rn, which was 
n o t  exhaled b u t  r e t a i n e d .  By adding t h e  amount of 220Rn r e t a i n e d  to  t h e  
amount exhaled (measured by c o l l e c t i n g  and ana lyz ing  a b r e a t h  sample), t h e  
t o t a l  amount of 220Rn is obta ined .  Because of i t s  55-sec h a l f - l i f e ,  t h e  
amount of 220Rn is equal t o  t h e  amount of i t s  p a r e n t ,  224Ra  p r e s e n t  i n  vivo. 
The amount of 224Ra p r e s e n t  can then  be compared wi th  t h e  amount of its 
precursor, 228Ac p r e s e n t  i n  vivo, as determined from t h e  Y-ray spectrum. 

I f  t h e  ra t io  o f  224Ra t o  228Ac i s  e q u a l  t o  1.0, no 224Ra i s  be ing  l o s t  by 
excretion. I f  no 224Ra is be ing  lost ,  i t  is  presumed t h a t  no 228Ra is be ing  
l o s t ,  and consequent ly  t h a t  i t  is i n  e q u i l i b r i u m  wi th  its p a r e n t  232Th. The 
f i n d i n g  t h a t  t h e  d a u g h t e r s  are i n  e q u i l i b r i u m  i n  vivo is also evidence  t h a t  
t h e  material i n h a l e d  w a s  monazite,  r a t h e r  t han  s e p a r a t e d  thorium. 

The amounts o f  228Ac and 212Pb p r e s e n t  are determined by l ea s t  squa res  
a n a l y s i s  of t h e  Y-ray spectrum. B r i e f l y ,  t h e  observed spectrum is  assumed to  
Se a l i n e a r  combinat ion of s t a n d a r d  s p e c t r a  of va r ious  n u c l i d e s  which are  
s t o r e d  i n  t h e  computer ' s  memory. The amounts of t h e  s t a n d a r d  spectra which 
m u s t  be added t o  g i v e  t h e  best  f i t ,  channel-by-channel,  t o  t h e  observed 
spectrum are  then  found. An example i s  shown i n  t h e  figurcl ( o v e r l e a f  1. 

R e s u l t s  

Th i s  technique  h a s  been a p p l i e d  to  Y-ray s p e c t r a  f r o n  23 t h o r i u n  cases. 
The weighted mean r a t io  of 224Ra t o  2 2 8 A c  was 0.97 2 0.02, with a range of 
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0.71 f 0.15 to  1.48 k 0.42, and a va r i ance  r a t io  of 0.91. Thus it appears  

Consequent ly  we may assume t h a t  t h e r e  is l i t t l e  e x c r e t i o n  of 228Ra,  and tha t  
t h e  daugh te r s  of 232Th are i n  e q u i l i b r i u m  w i t h  each o t h e r  and t h e i r  pa ren t .  
I t  t h e r e e o r e  seems l i k e l y  t h a t  t h e s e  cases i n h a l e d  monazite,  rather t h a n  
s e p a r a t e d  thorium. However, conf i rma t ion  of t h e s e  r e s u l t s  by rad iochemica l  
a n a l y s i s  of t i s s u e s  obtained a t  au topsy  of former thorium workers is  requ i r ed .  

t h a t  on the average, l i t t l e  or no  224Ra is  be ing  e x c r e t e d  by t h e s e  s u b j e c t s .  I 

Case L-1167, detector over chest 
. ~ . . ~ . ' " ~ " ~ ' , ' " ' , " , , I , . . '  

=Rc 2.78 f 0.08 ncl 
z12Pb 2.60 f 0.11 nCJ 
W s  1.18 f 0.20 ncl 

K 163.4 f 2.8 g 

0 0.5 1.0 1.5 2.0 2.5 3.0 
7-roy energy. MeV 

The l e a s t - s q u a r e s  f i t t i n g  technique  a p p l i e d  to t h e  Y-ray 
spectrum of case number L-1167. The pr imary component of the 
spectrum is  t h e  1.46-MeV Y-ray from 40K. The 2 2 8 ~ c  Y-rays 
occur mostly around 0.9 MeV, whi le  the 212Pb c o n t e n t  is  
l a r g e l y  based on t h e  2.62-MeV Y-ray a r i s i n g  from t h e  decay of 
208T1. Radon (222Rn) daugh te r s  and 137Cs ( f a l l o u t )  w e r e  a l s o  
inc luded  as s t a n d a r d s .  
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Fac t  Sheet  on 

Detec t ion  E f f i c i e n c i e s  f o r  Low-Energy Photon E d  t ters - 
Comparison of t h e  Livermore Phantom and Resul t s  I n  Vivo 

( T o t a l  e f f o r t  0.3 p-y) 

Detec t ion  E f f i c i e n c i e s  f o r  Low-Energy Photon E d  t ters - 
Comparison of t h e  Livermore Phantom and Resul t s  I n  Vivo 

( T o t a l  e f f o r t  0.3 p-y) 

In t roduct ion  

The c a l i b r a t i o n  of d e t e c t o r  systems f o r  the  assessment of i n t e r n a l  
depos i t i on  of t r a n s u r a n i c  elements is a formidable problem. Because many of 
t h e s e  nuc l ides  are a emitters, their maximum permissible organ burdens are 
small, and t h e i r  photon emissions a r e  cha rac t e r i zed  by low abundance and low 
energy. I n  t h e  c a s e  of 239Pu f o r  example, uranium L x rays  wi th  a mean energy 
of 17 keV a r e  emi t ted  fo l lowing  only 4.6% of t h e  a decays; a t  t h i s  energy, the  
ha l f -va lue  th ickness  of soft t i s s u e  i s  about  7 mm. Therefore  the emission is 
very s e n s i t i v e  t o  v a r i a t i o n  i n  c h e s t  w a l l  th ickness .  It can be shown t h a t  for 
a n  average-sized ind iv idua l ,  only one o r  two x-ray photons per  minute w i l l  
escape the  a n t e r i o r  c h e s t  s u r f a c e  from a m a x i m u m  permiss ib le  lung burden o f  
16 nCi of 239Pu. Consequently,  t he  d e t e c t o r  system must be c a l i b r a t e d  a s  
accu ra t e ly  as poss ib l e .  An i n t e r l a b o r a t o r y  c a l i b r a t i o n  e x e r c i s e  i n  1972 
showed t h a t  most c a l i b r a t i o n  methods i n  use a t  t h a t  t i m e  were woefully 
inadequate .  

The Livermore Phantom 

I n  response to  t h e  above f ind ings ,  a r ea l i s t i c  thorax  phantom xas  
designed and cons t ruc t ed  a t  Lawrence Livermore Nat ional  Laboratory.  D e s i q n  
c r i t e r i a  f o r  t h e  phantom inc luded  t h a t  it be the s i z e  of the  average U.S .  male 
plutonium worker, have lungs,  l i v e r s  and t racheobronchia l  lymph nodes which 
could be loaded wi th  known amounts of a c t i v i t y ,  have a c h e s t  w a l l  a d j u s t a b l e  
both for t o t a l  t h i ckness  and f r a c t i o n a l  ad ipose  t i s s u e  conten t ,  and be 
cons t ruc ted  e n t i r e l y  of materials which are t i s sue -equ iva len t  i n  their photon 
a t t e n u a t i o n  p r o p e r t i e s  a t  17 keV.2 A proto type  phantom was cons t ruc ted  and 
c i r c u l a t e d  among p a r t i c i p a t i n g  laboratories beginning i n  1978. Production 
phantoms are now a v a i l a b l e  from a commercial s u p p l i e r  and are being used a t  
most, i f  no t  a l l ,  U.S. l a b o r a t o r i e s  which have r e s p o n s i b i l i t y  for monitorinq 
plutonium workers for  i n t e r n a l  contamination. The only d i f f e r e n c e  between the 
proto type  phantom and t h e  product ion models is t h a t  t he  former contained a 
human r ib  cage obta ined  from a cadaver,  w h i l e  t h e  l a t t a r  conta in  r i b  cages 
made of bone-equivalent p l a s t i c .  

Phantom Use and Va l ida t ion  

0 
0 

s 
W 
co Detectors  are c a l i b r a t e d  f o r  a given i n d i v i d u a l  by f i r s t  ob ta in ing  a 
9 c a l i b r a t i o n  curve from t h e  phantom covered w i t h  muscle-equivalent c h e s t  

p l a t e s .  Adipose-equivalent chest p l a t e s  are used t o  determine the  appropr i a t e  
a t t e n u a t i o n  c o e f f i c i e n t  f o r  adipose t i s s u e .  The i n d i v i d u a l ' s  chest x a l l  
th ickness  is determined e i t h e r  from publ ished c o r r e l a t i o n s  with h e i g h t  and 
weight13 or u l t r a s o n i c a l l y .  The percent  adipose composition of the  chest  wal l  
i s  s imi la rby  determined from c o r r e l a t i o n s  wi th  var ious body dimensions,  * 3 r  
u l t r a s o n i c a l l y .  The c a l i b r a t i o n  f a c t o r  f o r  the  muscle th ickness  of the c h e s t  
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w a l l  is interpolated from t h e  muscle-equivalent c a l i b r a t i o n  curve, and t h i s  
value (cpm/uCi 1 is then decreased by a t t e n u a t i o n  through the  appropr i a t e  
adipose-equivalent  th ickness .  

The v a l i d i t y  of t h i s  procedure and of the  phantom i n  genera l  i s  b e i n g  
inves t iga t ed  by comparing cal ibrat ion f a c t o r s  p red ic t ed  by the  phantom wi th  
those  obtained i n  vivo. Volunteers  have inha led  an a e r o s o l  l a b e l l e d  w i t h  
92%, and then v i s i t e d  var ious  l a b o r a t o r i e s  where t h e  photon emission from 
t h e  c h e s t  w a s  measured. 92%b emits 16-keV zirconium K x-rays, and also a 
934-keV Y-ray, which enables  the  c h e s t  con ten t  t o  be determined by s t anda rd  
whole-body count ing techniques.  A t  t he  Cen te r  f o r  Human Radiobiology, t he  
x-ray emission from each subject ' s  c h e s t  w a s  measured with a 180-mm diameter  
phoswich de tec to r .  Pred ic ted  count ing e f f i c i e n c i e s  (counts  recorded p e r  x-ray 
emitted i n  the  lungs)  were obta ined  from the  phantom conta in ing  lungs loaded 
wi th  a known amount of 92%b. The r e s u l t s  are shown i n  t h e  tab le :  

4 Chest  wa l l  th ickness ,  mm Eff ic iency  x 10 
Sub jec t  Muscle Adipose Predic ted  Ohs e r ve d 

DN 
WMH 
JNP 
GWC 
MNF 
RET 
ALA 

15.2 4 :8 
13.1 7.9 
15.1 7.9 
17.7 10.3 
18.6 11.4 
15.2 17.8 
17.8 19.2 

6.54 
7.60 
5.07 
2.43 
1.84 
2.07 
2.15 

5.30 
5.91 
5.50 
2.16 
2.21 
2.17 
2.30 

The mean ra t io  of predicted to  observed va lues  f o r  t he  seven s u b j e c t s  i s  
1.0 f 0.2, i n d i c a t i n g  t h a t  on the  average, t h e  phantom p r e d i c t s  count ing  
e f f i c i e n c i e s  q u i t e  w e l l ;  however t h e r e  are s t i l l  cons iderable  v a r i a t i o n s  i n  
its a p p l i c a b i l i t y  from i n d i v i d u a l  t o  ind iv idua l .  Nevertheless ,  it is a 
s i g n i f i c a n t  improvement over ear l ie r  c a l i b r a t i o n  methods , which were i n  error 
by f a c t o r s  of t h r e e  o r  more. 1 
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In t roduct ion  

W e  have measured t h e  depos i t i on  r a t e s  of radon daughters on indoor 
su r faces  by exposing the  window of a propor t iona l  counter  t o  the a i r  of a 
house with high concent ra t ions  of radon and its daughters.  A series of 
consecutive counts ,  each one minute i n  dura t ion ,  was made and the data  are 
shown i n  the  f iqure .  The r e s u l t s  of a leas t - squares  f i t  of the  depos i t ion  
rates of RaA (218Po) and RaB (214Pb) and the b e s t - f i t t i n g  curve obtained 
thereby are a l s o  shown. 

O O P  * ~ " ' ~ " ~ ' " ' " ' ' ' ~ " ' ~  5 10 15 20 2s 

Tlme. seconds ~ 1 0 ' ~  

A n a l y s i s  

The removal of radon daughter  products from the a i r  by depos i t ion  on 
su r faces  can be cha rac t e r i zed  by a r a t e  cons t an t ,  A d  (set"); it can be shown 
t h a t  t h i s  parameter i s  equal  t o  t h e  surface-to-volume r a t i o  (m-') of the 
loca t ion  i n  ques t ion  mul t ip l i ed  by a parameter known a s  the  depos i t i on  
ve loc i ty ,  v ( m  set"),. where v equals  the area depos i t ion  r a t e  
(atoms*m-**sec 1 div ided  by the  a i r  'concentration (atoms m - 3 ) . 1  We can 9 -1 
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o b t a i n  values  of vs from our depos i t i on  rate v a l u e s  found above and the  
concent ra t ions  of K a A  and RaB which were measured dur ing  the  depos i t i on  
experiments 

However, it is f i r s t  necessary t o  determine what f r a c t i o n  of the 
daughters  i s  f r e e ,  o r  unat tached,  and what f r a c t i o n  is a t t ached  to  t h e  
atmospheric aerosol, s i n c e  t h e  depos i t i on  v e l o c i t i e s ,  vu and va of the  two 
species d i f f e r  by about  two o rde r s  of magnitude.’ For CfraA, a value f o r  the 
unat tached f r a c t i o n  of about  0.1 is  reasonable , ’  and this y i e l d s  a value for 
vu of 4.5 x m sec” This  value is i n  e x c e l l e n t  agreement with va lues  

Note, however, t h a t  it assumes t h a t  a l l  the repor ted  by o t h e r  workers. 
deposi ted a c t i v i t y  is due t o  t h e  unat tached f r a c t i o n .  This  assumption i s  
j u s t i f i e d  based on o t h e r  workers’ measurements of va t h e  depos i t i on  v e l o c i t y  
f o r  ae roso l  p a r t i c l e s .  The maximum value repor ted  is 1 x m sec , and 
so t h e  maximum depos i t i on  we could have obtained due t o  a t t ached  RaA would 
have been 0.021 E ! q  rn-2 sec 

9‘ 

9 

g’ -1 1 

-1 , less than 20% of the  observed rate. 

I n  t h e  case of RaB, the unat tached f r a c t i o n  is expected to  be 
neql ig ib le . ’  However, our d a t a  suggest a d i f f e r e n t  conclusion.  For a value 
of va of 1 x m sec , t h e  maximum depos i t i on  of a t t ached  RaB we could 
obsezve is 0.0085 Ekq m-2 sec’l, vs t he  a c t u a l  value of 0.039 E q  m-2 sec’l. I f  
w e  assume t h a t  unat tached RaB d e p o s i t s  with the  same depos i t i on  ve loc i ty  as 
unat tached RaA,  w e  f i n d  t h a t  some 10% of the  R a B  i n  the a i r  must be 
unattached. This  s u r p r i s i n g  f i n d i n g  may be due to  an extremely low ae roso l  
concent ra t ion  i n  the house, l ead ing  t o  a longer mean l i f e t i m e  f o r  unat tached 
spec ie s ,  and also to  the detachment of RaB from a e r o s o l  particles because of 
recoil  fol lowing i t s  product ion by t h e  a-decay of a t t ached  RaA.  

-1 
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Atmospheric Concent ra t ions  of Rare Earth Elements a t  the 
Lindsay Chemical Company 

(To ta l  e f for t  1 .O p-y) 

The Center  for  Human Radiobiology is c u r r e n t l y  engaged i n  an assessment 
of poss ib l e  h e a l t h  effects  of employment i n  the  thorium r e f i n i n g  indus t ry .  An 
important  part of t h i s  s tudy  is the de termina t ion  of thorium and r a r e  e a r t h  
exposure condi t ions  a t  a thorium r e f i n e r y  loca ted  i n  West Chicago, I l l i n o i s ,  
and t h e  r e s u l t a n t  uptake i n  t h e  workers. 

The West Chicago p l a n t  was operated by the  Lindsay Light  Company and i t s  
corpora te  successors ,  Lindsay Chemical ComFany and Kerr-McGee Chemical 
Corporation, from 1932 u n t i l  1973. It is p resen t ly  an empty s h e l l  being 
s t r i p p e d  and decontaminated for  even tua l  demolit ion.  For tuna te ly ,  we have 
obtained approximately 10,000 a i r  f i l t e r  samples which were c o l l e c t e d  by 
Lindsay from 1962-1973. W e  have a l s o  obtained records on t h e  sampling da te ,  
l oca t ion  i n  the  p l a n t ,  and a lpha  count ing  data corresponding to each f i l t e r .  
Properly i n t e r p r e t e d ,  these records  provide a survey of t he  time and loca t ion  
d i s t r i b u t i o n  of a i rbo rne  thorium and i n  some cases thoron as well. Since the 
p l a n t  a l s o  produced rare e a r t h  chemicals ( i n  fact ,  a lmost  exc lus ive ly  i n  i ts  
l a s t  y e a r s ) ,  h e a l t h  e f f e c t s  i n  workers may be due to  these  chemicals i n s t e a d  
o f ,  o r  as w e l l  as, thorium. Analysis  of the f i l t e r s  f o r  these  elements can 
provide information on t h e i r  a i rbo rne  concent ra t ions .  

W e  have determined by energy d i s p e r s i v e  x-ray f luorescence  spectrometry 
the  amounts of La, C e ,  P r  and N d  d i r e c t l y  on a group of 14 f i l t e r s  collected 
between 1967 and 1970, and by atomic absorp t ion  spectrophotometry w i t h  
e l ec t ro the rma l  a tomiza t ion  i n  a g r a p h i t e  furnace,  the rare earth elements,  L a ,  
N d ,  Sm, E!u, Gd, Dy, Ho, Tm and Y b  and t h e  ra re-ear th- l ike  elements,  Sc and Y, 
i n  an a d d i t i o n a l  20 a i r  f i l t e r  samples. The median concent ra t ions  and t h e  
ranges are shown i n  t h e  table. That t h e  median values  are near  t he  lower ends 
of the  ranges is due to  t h e  presence of only a few extreme values  a t  the  upper 
ends of t h e  ranges. These medians are 3 to  4 orde r s  of magnitude g r e a t e r  than 
those fou d i n  urban a e r o s o l s ,  which are usua l ly  i n  the  range of 0.001 t o  
10 g i / L .  ' I 3  Recent c a l c u l a t i o n s  i n d i c a t e  t h a t  when the  data are grouped by 
t i m e  and loca t ion ,  t he  rare e a r t h  con ten t s  of t he  f i l t e r s  a r e  c o r r e l a t e d  w i t h  
t h e  r a d i o a c t i v i t y  measurements. 
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Concentrat ions of rare e a r t h s ,  scandium and y t t r ium i n  34 a i r  f i l t e r  samples. 

Element  
Concentrat ion,  ng/L 

Median Range 

sc 
Y 
Laa 

b C e  
b P r  

Nda 
Sm 
Eu 
G d  
DY. 
Ho 
m 
Yb 

0 . 1 4  
5 . 3  

12 .3  

14.1 
4 . 6  

17 .5  
1 a 3  
1 .7  
0.081 
0.022 

147 

6.1 

0 . 2 5  

0 - 3 . 8  
0.4 - 2040 
0 - 4140 
0 - 108 
0 - 1 1 . 6  
0 - 8950 
0 - 1590 
0.01 - 22 
1 . 5  - 1280 
0.08 - 260 
0.1 - 70 
0.0006- 16 
0.002 - 4.5 

aThese elements w e r e  determined . i n  14 samples by x-ray f luorescence  

bThese elements w e r e  determined i n  14 samples by x-ray f luorescence  

spectrometry and 20 by atomic abso rp t ion  spectrophotometry.  

spectrometry only.  
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Dosimetry of 2 2 4 R a  i n  Bone 
(To ta l  e f f o r t  0.4 p-y) 

In t roduct ion  

Since t h e  e a r l y  1 9 4 0 ' S ,  in t ravenous  i n j e c t i o n s  of 224Ra have been made i n  
Europe t o  r e l i e v e  pa in  from ankylosing s p o n d y l i t i s  and bone tube rcu los i s .  
Severa l  thousand p a t i e n t s  have been t r e a t e d  and some have con t r ac t ed  bone 
cancer.  
dose. The assumption is  suspec t ,  however, because most of t h e  carc inogenic  
dose is de l ive red  from t h i n  radium d e p o s i t s  on bone su r faces  from which h igh ly  
mobile daughters ,  such as t h e  noble gas  220Rn, may r e a d i l y  escape. 
p o s s i b i l i t y  casts doubt on the  dosimetry and on the  accuracy of t h e  dose- 
response da t a ,  
sub jec t s  because much of the  bone ce l l  dose is due t o  224Ra i nges t ed  with d i a l  
p a i n t  o r  produced on bone s u r f a c e s  fo l lowing  228Ra decay. 

Complete r e t e n t i o n  of  224Ra daughters  i s  assumed when c a l c u l a t i n g  

This 

I t  also raises ques t ions  about  t h e  dosimetry of 228Ra i n  our 

To improve t h e  dosimetr  we are s tudying  the  r e t e n t i o n  on bone s u r f a c e s  
of  t w o  daughter  products ,  22k-i and 212Pb, fol lowing 224Ra i n j e c t i o n  i n t o  
dogs. These daughters  were selected because they determine, t o  a l a rge  
ex ten t ,  t h e  r e t e n t i o n s  of a l l  other daughters .  Three young a d u l t s  from the 
Universi ty  of U t a h  beagle colony were i n j e c t e d  w i t h  about 100 v C i  224R, n e a r l y  
i n  equi l ibr ium wi th  i t s  daughters .  
amounts of  212Pb or 226Ra. 
and r e t e n t i o n  w a s  s t u d i e d ,  i n  vacuum or  a i r ,  by alpha spectrometry of the 
endos tea l  bone surfaces. 

Two o t h e r  dogs w e r e  i n j e c t e d  with similar 
The dogs were s a c r i f i c e d  24 hours a f t e r  i n j e c t i o n  

220- 

Because of i t s  56-second h a l f - l i f e ,  220Rn r e t a i n e d  i n  Vivo disappears 
soon a f t e r  death,  and only  the r e t e n t i o n  i n  v i t r o  can be determined. The 
l a t t e r  i nc reases  wi th  t h e  d u r a t i o n  of measurement, the r a t e  of i n c r e a s e  being 
much higher  i n  vacuum than i n  a i r .  The i n c r e a s e  i s  a s soc ia t ed  with water loss 
from bone and i s  c o n s i s t e n t  wi th  o t h e r  observa t ions ,  e.g., 2 2 2 ~  r e t e n t i o n  is 
g r e a t e r  i n  dry bone samples than i n  w e t  ones and is g r e a t e r  i n  v i t r o ,  when 
t i s s u e s  may be dess i ca t ed ,  than  i n  vivo. 
of t h e  222Rn produced a t  bone s u r f a c e s  w a s  r e t a ined  i n  vivo b u t  a f t e r  13 days 
i n  vacuum about  30% was r e t a ined .  

I n  t h e  dog i n j e c t e d  with 226Ra, 3% 

I n  a i r  or vacuum, a l l  of our  samples w e r e  much d r i e r  than i n  l i f e  and it 
seems c e r t a i n  t h a t  the observed r e t e n t i o n  exceeded the r e t e n t i o n  i n  vivo. 
Average values  for s e v e r a l  bone samples are presented  below a s  f r a c t i o n a l  
r e t en t ion ,  (220Rn/224Ra)vitro. 
measurements r e spec t ive ly .  

The l e t t e r s  A and V des igna te  a i r  and vacuum 
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Dog (Method) (220Rn/224Ra)vitro 

T28Q5 (VI 
T29Q5 (V) 
T30Q5 (VI 
T30Q5 ( A )  

0.58 
0.76 
0.58 
0.30 

I n  doq T30Q5, r e t e n t i o n  was higher  i n  vacuum than i n  a i r  and t h e  water content  
of the samples w a s  lower. Based on the a s s o c i a t i o n  between r e t e n t i o n  and 
water content ,  we b e l i e v e  t h e  fol lowing t o  be c o r r e c t :  r e t e n t i o n  i n  vivo < 
r e t e n t i o n  i n  v i t r o  measured i n  a i r  < r e t e n t i o n  i n  v i t r o  measured i n  vacuum. 

The assumption of complete r e t e n t i o n  implies  (220Rn/224~a  )death = 1 ,  a 
value which is no t  supported by our observat ions.  

a. Retention 

Kuch of t h e  212Pb p resen t  a t  dea th  su rv ives  t o  the t i m e  of 
measurement. By a p p l i c a t i o n  of the r a d i o a c t i v e  decay equations,  the 
f r a c t i o n a l  r e t e n t i o n  a t  death ( 2 1 2 ~ b / 2 2 ~ ~ a ) ~ ~ ~ ~ ~  can be determined from the 
da t a .  Average values  are l i s t e d  below, based on the assumption t h a t  30% of 
t h e  220Rn produced between sacr i f ice  and death i s  retained.  

Dog (Method) (212pb/224Ra)death 

T28Q5 (VI 
T29Q5 (V) 
T30Q5 (V) 
T30Q5 ( A )  

0.7 
0.3 

0.4 
0.3 

If r e t e n t i o n  were complete ( 2 1 2 ~ b / ~ ~ ~ ~ a 1 ~ ~ ~ ~ ~  would exceed 1 .  T h i s  i s  
c l e a r l y  no t  t h e  case here .  

b. Role of i n j e c t e d  lead.  

Radium-224 i n j e c t i o n  s o l u t i o n s  o f t e n  con ta in  much 212Pb. 
determine i f  t h i s  is a s i g n i f i c a n t  f a c t o r  i n  the  dosimetry, lead uptake on 
bone su r faces  w a s  determined following i n j e c t i o n  of 2 2 4 R a  and of 212Pb. The 
values l is ted below are p ropor t iona l  t o  the  average surface concentrat ion a t  
dea th  normalized t o  t h e  amount of 212Pb i n j e c t e d .  Dog T28Q5 received nea r ly  
equal amounts of 224Ra and 212Ph and dog T21L5 received almost pure 212Pb. 

To 

Dog (Method) 

T28Q5 (VI 
T21L5 (V) ' 

Uptake 

1 .o 
0.1 

Claarly,  t h e  t o t a l  amount of lead f o r  T28 5 g r e a t l y  exceeds t h a t  a t t r i b u t a b l e  
to in4ected l ead ,  and w e  conclude t h a t  21qPb i n  the i n j e c t i o n  s0lUtiOn i S  Of 

l i t t l e  importance for dosimetry. 
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Theory of t h e  Induct ion of Bone Cancer by Ion iz ing  Radiat ion 
( T o t a l  e f f o r t  1.5 p-y) 

In our attempt t o  f i n d  a model of bone cancer i nduc t ion  which is  
1 c o n s i s t e n t  with t h e  data on bone cancer,  w e  have extended t h e  Marshall-Groer 

model of 1977 ( t w o  i n i t i a t i n g  even t s  in one c e l l )  t o  t h e  l e v e l  of t h e  DNA 
molecule i n  o r d e r  t o  tes t  for consis tency wi th  fundamental mechanisms and da ta  
on i o n i z a t i o n  as they could be r e l e v a n t  f o r  d e l e t i o n  of information from t h e  
DNA strand. 

Extension t o  t h e  l e v e l  of DNA sugges t s  t h a t  w e  calculate t h e  !?robabi l i ty  
of generat ing i n  or near  t he  molecule c l u s t e r s  of i o n i z a t i o n s  t h a t  are 
s u f f i c i e n t l y  dense to  d i s r u p t  it. While such ques t ions  have been addressed i n  
t h e  l i t e r a t u r e  be fo re ,  w e  soon found t h a t  t h e  input  da t a  used from physics  
were very inadequate. The c r o s s  s e c t i o n s  and LET values  used would only 
poorly r ep resen t  even the  physics  data. W e  found t h a t  w e  had t o  begin almost 
from s c r a t c h  i n  c o n s t r u c t i n g  r e l i a b l e  i o n i z a t i o n  d i s t r i b u t i o n  funct ions.  As 
Ra, Sr and PU are a lpha  and beta emitters w i t h  known s p e c t r a ,  w e  began by 
cons t ruc t ing  a c c u r a t e  i o n i z a t i o n  cross s e c t i o n s  f o r  a l l  t h e  required ene rg ie s  
f o r  alpha and be ta  p a r t i c l e s .  For t h i s ,  w e  used experimental  data i n  the 
f i r s t  place. Theory w a s  used i n  those  p l a c e s  where data were inadequate o r  
f o r  i n t e r p o l a t i o n  purposes. 

For t h e  beta r ays ,  t h i s  has led  t o  a very accu ra t e  d i s t r i b u t i o n  func t ion  
f o r  t h e  s i n g l e  i o n i z a t i o n  d i s t r i b u t i o n  on t h e  main t r a c k  and on a l l  s u b s i d i a r y  
del ta-ray t r a c k s  down t o  f o u r t h  order .  Th i s  d i s t r i b u t i o n  func t ion  has been 
subjected t o  a l a r g e  number of tests and s a t i s f i e s  a l l  t h e  known phys ica l  
boundary cond i t ions  such t h a t  now it can be used t o  make r e l i a b l e  b i o l o g i c a l  
ca l cu la t ions .  S p e c i f i c a l l y ,  over t h e  p a s t  year  t h i s  d i s t r i b u t i o n  was 
constructed t o  s a t i s f y  t h e  cr i ter ia  stemming from theory, i nc lud ing  t h e  Bethe 
theory f o r  electron-atom c o l l i s i o n s ,  w i t h  full account of r e l a t i v i s t i c  
kinematics. I t  f i t s  a l l  t h e  a c c u r a t e  experimental  data  on d i f f e r e n t i a l  c r o s s  
s e c t i o n s ,  i n t e g r a t e d  c r o s s  s e c t i o n s ,  s topp ing  power and energy p e r  i on  p a i r .  

For t h e  problem of cancer  i n i t i a t i o n ,  t h i s  is  being used i n  t h e  fol lowing 
. way: Assuming a Poisson d i s t r i b u t i o n  f o r  t h e  incidence of successive 

i o n i z a t i o n s  (an assumption t o  be t e s t e d ) ,  we have combined our r e s u l t s  f o r  t h e  
alpha and t h e  b e t a  p a r t i c l e s  and have computed ( i n  a prel iminary way) t h e  
frequency and c r o s s  s e c t i o n  f o r  t h e  incidence of two successive i o n i z a t i o n s  on 
t h e  main t r a c k ,  on any d e l t a  ray track or on t h e  main t rack and on t h e  f i r s t  
d e l t a  ray t r a c k ,  w i th in  a given d i s t ance .  I f  one makes t h e  probably 
s impl i f i ed ,  working hypothesis  t h a t  such double i o n i z a t i o n s  have anything t o  
do with c e l l  k i l l i n g ,  w e  ob ta in  a n  RBE versus LET curve which, i n t e r e s t i n g l y  
enough, is q u i t e  comparable to  t h e  ascending branch proposed by Barendsen’ on 
t h e  b a s i s  of b i o l o g i c a l  i n v e s t i g a t i o n s  a n d  t o  those published i n  ICRU Report 
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It should a l s o  be mentioned t h a t  t h i s  summer our a n a l y t i c a l  c a l c u l a t i o n s  
were compared with t h e  much more ex tens ive  (and expensive) Monte Carlo 
c a l c u l a t i o n s  carried out by H. Paretzke and h i s  group a t  Neuherberg, 
Germany. The comparison showed some advantages of the  Monte Carlo method b u t  
a l s o  convincingly showed t h e  much g r e a t e r  f l e x i b i l i t y  and comprehensive value 
of the a n a l y t i c a l  method. 
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CEKTER FOR HUMAN RADIOBI0LI)GY 

Fact  Sheet on 

CRRIS: The Center f o r  Human Radiobiology Information System 
(To ta l  e f f o r t  1.0 p y )  

CHRIS is an unnormalized r e l a t i o n a l  da tabase  system which was designed i n  
1970 by a programmer in *at is now known as t h e  Computing Serv ices  Divis ion 
a t  ANL. This  design w a s  s e l e c t e d  because it provided f e a t u r e s  not  a v a i l a b l e  
a t  t h a t  t i m e  i n  any commercial system. The d a t a  manipulation language is 
imbedded i n  a v e r s a t i l e  high-level  language ( P L / l ) ,  and t h e  source code was 
a v a i l a b l e  fo r  adding f u t u r e  enhancements and modi f ica t ions .  The c u r r e n t  
implementation inc ludes  the following f e a t u r e s :  

1. 

2 .  

3 .  

4 .  

5. 

6. 

7 .  

8 .  

9. 

Read/Write p a s s w r d  p r o t e c t i o n  of a scrambled da ta  f i l e  so t h a t  
pr ivacy of s e n s i t i v e  medical da ta  is assured .  

A v a r i a b l e  number of records  per KEY ( a  unique i d e n t i f i e r  of  
each person under s tudy)  so t h a t  l o n g i t u d i n a l  s t u d i e s  a r e  
poss ib l e .  

A s o p h i s t i c a t e d  query language capable  of  one-to-many and many- 
to-many r e l a t i o n s h i p s .  

A powerful r e p o r t  genera tor  t h a t  handles  mul t i - l i ne  column 
headings a s  well a s  varying length  cha rac t e r  and numeric d a t a  
types  

An e f f i c i e n t  mult i -  f i l e  update f a c i l i t y  t h a t  i nco rpora t e s  da t a  
logging,  s e l e c t i v e  backup and r e s t o r a t i o n .  I n  a d d i t i o n ,  a d a t a  
v a l i d a f i o n  f e a t u r e  ensures  t h a t  a l l  changes a r e  being made t o  
the  proper  KEY. T h i s  f e a t u r e  is r equ i r ed  for a high degree of 
da t a  i n t e g r i t y .  

On-line d i s p l a y  of  t h e  da t a  for  any KEY i n  any f i l e .  

Automatic r e - u t i l i z a t i o n  of  a l l  d i s k  s to rage  space.  

Data types  which inc lude  varying length  c h a r a c t e r ,  f l o a t i n g  
p o i n t ,  f i x e d  decimal and "missing va lues" .  

Upward compa t ib i l i t y  of computer programs is achieved through a 
s t r u c t u r e d  program design which i s o l a t e s  t h e  da ta  access  meth- 
od. T h i s  ensures  sepa ra t ion  of t h e  da ta  base from changes i n  
e i t h e r  t h e  hardware o r  sof tware of  t h e  opera t ing  environment. 

CHRIS is  an unusual ly  v e r s a t i l e  and powerful database system which has  
success fu l ly  responded t o  a11 r eques t s  s i n c e  i ts  incep t ion .  It  has continued 
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t o  g r o w  and become even more p o w r f u l  as new f e a t u r e s  and enhancements a r e  
added. CHRIS is very easy t o  use and does not r e q u i r e  any t r a i n i n g  or exper- 
t ise i n  t h e  use of computers. Extensive error checking is provided a t  t h e  
t i m e  of t h e  i n i t i a t i o n  o f  t h e  query so t h a t  approximately 95% of a l l  r e q u e s t s  
for d a t a  are answered without error. 

An i n t e r f a c e  has been developed between CHRIS and the stat is t ical  pro- 
grams a v a i l a b l e  in t h e  S t a t i s t i c a l  Analysis  System (SASI. T h i s  i n t e r f a c e  i s  
used t o  prepare t h e  data needed fo r  l i f e t a b l e ,  morbid i ty ,  or mor t a l i t y  analy- 
ses using programs such as those  of Monson or of Marsh. 


