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A BRIEF REVIEW OF THE PLUTONIUH LUNG 

CANCER ESTIt4ATES BY JOHN N. G O F I M  

BY 

J. W. Healy,  E. C. Anderson, J. F. McInroy, 

R. G. Thomas, and R. L. Thomas 

Los Alamos S c i e n t i f i c  L a b o r a t o r y  

October 8, i975 

I n  s e v e r a l  reports i s s u e d  by t h e  C o m m i t t e e  f o r  N u c l e a r  R e s p o n s i b i l i t y ,  1,2 

Gofman p r o p o s e s  a d o s i m e t r i c  model for  p l u t o n i u m  i n  t h e  b r o n c h i a l  por'' L i o n  

of t h e  lung which, w i t h  h i s  assumpt ions  as to  t h e  b e h a v i o r  of i n s o l u b l e  pax- 

t icles i n  t h i s  r e g i o n  a n d  t h e  c a r c i n o g e n i c  r e s p o n s e ,  leads t o  estimates of 

v e r y  h i g h  c a n c e r  p r o d u c t i o n .  I t  is  t h e  purpose  of t h i s  document t o  rev iew 

h i s  b a s i c  h y p o t h e s e s  and  t h e  r a t i o n a l e  l e a d i n g  t o  t h e  a s s u m p t i o n s  of c o n s t a n t s  

r e q u i r e d  t o  o b t a i n  a q u a n t i t a t i v e  e s t i m a t e .  F o r  t h i s  p u r p o s e ,  we have f o c u s e d  

on  t h o s e  p o i n t s  which w e  r e g a r d  as c r i t i c a l  t o  h i s  h y p o t h e s i s  and  have n o t  

attempted t o  cover a l l  p o i n t s  i n  t h e  two documents.  

THE CHOICE O F  A CRITICAL TISSUE 

Gofrnan d e r i v e s  a v o l u w  f o r  t h e  " p e r t i n e n t "  p o r t i o n  of t h e  b r o n c h i a l  

tree u s i n g  a n  es t imate  from t h e  report of t h e  Task Group on Lung Dynamics of 

the I n t e r n a t i o n a l  Comnissi Qn on R a d i o l o g i c a l  P r o t e c t i - n ,  The d imens ions  used 

are referred t o  i n  t h e  Task Group report  as: "The a n a t o m i c a l  model proposed  by 

F i n d c i s e n  w a s  u s e d  i n  making t h e  c a l c u l a t i o n s  a l t h o u g h  it is undoubtedly an  

u n s o p h i s t i c a t e d  model ." Otlinr estimates 0.f t h e  p e r t i n e n t  volumes by Weibel 

could  lead t o  h i g h e r  volumes (and,  t h u s ,  h i g h e r  masses for  t h e  b r o n c h i a l  e p i -  

t h e l i u m )  a l t h o u g h  t h e r e  are many u n c e r t a i n t i e s  as  to  where o n e  e s t i m a t e s  t h e  

end o f  t h e  c i l i a t e d  r e g i o n  and t h e  s t a r t  of t h e  t e r m i n a l  b r o n c h i o l e s .  

4 
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The b r o n c h i a l  e p i t h e l i u m  i n  t h e  segmenta l  b r o n c h i ,  which he estimates t o  

be a b o u t  o n e  gram, i s  t a k e n  to  be t h e  c r i t i c a l  t i s s u e  on t h e  bas i s  t h a t  l u n g  

c a n c e r s  i n  hurnans a r e  p r i m a r i l y  of b r o n c h i a l  o r i g i n .  The s e l e c t i o n  of such  a 

t i s s u e  is a r e a s o n a b l y  cormon prac t ice  i n  d o s i m e t r y  c a l c u l a t i o n s  a l t h o u g h  i t  

must be r e c o g n i z e d  t h a t  it does  i n v o l v e  a f u n d a n e n t a l  assumpt ion  t h a t  t h e  o u t -  

come i s  dependent  o n l y  on  t h e  arount of r a d i a t i o n  t o  t h i s  t i s s u e  w i t h  t h e  r a 2 -  

i a t i o n  d e l i v e r e d  t o  t h e  s u r r o u n d i n g  t i s s u e ,  o r  even  t o  o t h e r  o r g a n s ,  of no i m -  

p o r t a n c e .  As was d i s c u s s e d  i n  o u r  rev iew o f  t h e  h o t  p a r t i c l e  h y p o t h e s i s ,  5 

s p e c i f i c a t i o n  o f  a d o s e ,  by i t s e l f ,  conveys no knowledge of t h e  b i o l o g i c a l  

i m p l i c a t i o n s  of t h e  r e s u l t .  T h i s  must be deduced from e x p e r i m e n t a l  c o r r e l a t i o n s  

of dose  a c d  e f f e c t .  I n  t h e  p r e s e n t  c a s e  Gofman h a s  p o i n t e d  o u t  t h a t  t h e  

e x p e r i m e n t a l  d a t a  on e f f e c t s  ( p r i m a r i l y  from p e n e t r a t i n g  e x t e r n a l  r a d i a t 5 o n )  

are based  02 t h e  d e l i v e r y  of r a d i a t i o n  t o  a l l  of t h e  t i s s u e s  of t h e  l u n g ,  p l u s  

o t h e r  organs, many of which p l a y  a s u p p o r t i v e  role  or i n t e r a c t  i n  o t h e r  ways 

w i t h  t h e  p o s t u l a t e d  t a r g e t  t i s s u e .  We s imply  do n o t  know t h a t  t h e  d e l i v e r y  

of a dose t o  a selected p a r t  o f  a n  o r g a n  w i l l  have t n e  same r e s u l t  as t h e  same 

dose d e l i v e r e d  to t h e  f u l l  o rgan .  There  a r e  r e a s o n s  t o  b e l i e v e  t h a t  i r r a d i a t i o n  

of o n l y  a p o r t i o n  w i l l  have  l e s s  e f f e c t  t h a n  t h e  i r r a d i a t i o n  o f  t h e  f u l l  o r g a n .  

While t h i s  p o i n t  w i l l  have l i t t l e  e f f e c t  on t h e  e n s u i n g  d i s c u s s i o n ,  it is made 

to  i n d i c a t e  one u n c e r t a i n t y  which would p r e v e n t  many s c i e n t i s t s  f r o m  making 

dogmat ic  s t a t e m e n t s  a s  t o  t h e  outcome based o n l y  on  dose  c a l c u l a t i o n s .  . 

- 

- 
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RETENTION BY BRONCHIAL EPITELIUM 

I m p o r t a n t  p o i n t s  i n  Gofrnan's h y p o t h e s i s  a r e  t h e  r e d u c t i o n  of t h e  c r i t -  

i c a l  t i s s u e  mass to  a s m a l l  v a l u e  and t h e  assumpt ion  t h a t  a s i g n i f i c a n t  f r a c t i o n  

of t h e  p l u t o n i u m  i n h a l e d  remains  i n  t h i s  small mass o f  t i s s u e  f o r  a 1cr.g p e r i o d  

of t i m e .  

I n  h i s  d e r i v a t i o n  of t h e  d e p o s i t i o n  and r e t e n t i o n  of p l u t o n i u , ,  i n  t h e  

b r o n c h i a l  r e g i o n ,  Gofnan assumes t h a t  t h e  ICW Task Grou? on Lung Dynamics 

b a s e d  t h e i r  report  o n l y  o n  a n i m a l  data and  i g n o r e d  t h e  smokers i n  t h e  p o p l a -  

t i o n .  The f a c t  t h a t  t h e T a s k G r o u p  c o n s i d e r e d  s x o k i n g  and. i n d i v i d x a l s  who 

smoke as  a normal  p a r t  of t h e  2 o p u l a t i o n  who s h o u l d  be i n c l u d e d ,  b u t  Rot n2c- 

e s s a r i l y  w i t h  g r e a t  f a n f a r e ,  i s  i n d i c z t e d  by t h e  f o l l o w i n g  s t a t e r e n t :  "The 

best  e v a l u a t i o n  of t h e  Phase  I c l e a r a n c e ,  as n o r m a l l y  r e p o r t e d ,  i s  t h a t  i t  i s  

a combina t ion  of t h e  slower c i l i a r y  and  r a p i d  p h a g o c y t i c  p r o c e s s e s l  w i t h  l i t t l e  

3 

r e f l e c t i o n  o f  t h e  v e r y  r a p i d  c i l i a r y  c l e a r a n c e  of t h e  ugper  a i r w a y s .  T h i s  

c o n c l u s i o n  p r o v i d e s  a p a r t i a l  e x p l a n a t i o n  of t h e  c o n s t a n c y  of t h e  Phase  I pro- 

cess. F o r  exam>le, a c i l i o s t a t i c  s u b s t a n c e ,  e . g . ,  tobacco s rmke ,  rnig:?t reduce  

t h e  r a t e  of mucous t r a n s p o r t  by 50 p e r c e n t  €OK s e v e r a l  h o u r s  b u t  t h i s  would 

n o t  be m a n i f e s t  i n  t h e  measurements o b t a i n e d  by the u s u a l  p r o c e d u r n s . "  From 

this it is  c l e a r  t h a t  t h e  Task Group c o n s i d e r e d  t h e  r e d u c t i o n  i n  c l e a r a n c e  

t i n e  for smokers  and  d i d  n o t  c o n s i d e r  it to  be a s i g n i f i c a n t  f a c t o r .  

'As j u s t i f i c a t i o n  fo r  h i s  assumed c l e a r a n c e  ra te  Gofmn p r e s e n t s  a 

table from t h e  1964 report  of t h e  Advisory C o n n i t t e e  t o  t h e  Surgeon Genera l  6 .  

which h e  t i t l e s ,  "Loss of C i l i a  and E p i t h e l i a l  C e l l  Abnormal2ty," and i n d i -  

cates t h e  d a t a  t o  be from Auerbach e t  al.7 From t h i s  table  he c o n c l u d e s I  " I n  

t h e  heavy smokers ,  who w i l l  c o n t r i b u t e  m o s t  of  ' t h e  lung  c a n c e r s ,  37.5% of t h e  
L 
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ce l l s  have l o s t  t h e i r  c i l i a  e n t i r e l y .  We c a n ,  t h e r e f o r e ,  w i t h  sound r e a s o n ,  

presume t h a t  such  r e g i o n s  of a b s e n t  c i l i a r y  f u n c t i o n  w i l l  c l e a r  PuO p a r t i c l e s  

v e r y  s l o w l y ,  i f  a t  a l l ."  

who c o n s w e d  r,ore t h a n  t w o  p a c k s  of c igare t tes  pe r  day. 

2 

The 37.5% v a l u e  came f r o n  h i s  Table 5 l  €or smokers 

When, however,  we t u r n  t o  t h e  r e p o r t  o f  t h e  Advisory Committee we f i n d  

t h e  tab le  t i t l e d ,  " P e r c e n t  of S l i d e s  w i t h  S e l e c t e d  L e s i o n s , '  by Smoking S t a t u s  . 

a n d  P r e s e n c e  of Lung Cancer , ' '  (emphasis  a d d e d ) ,  The f o o t n o t e  s t a t e s ,  " I n  

sone s e c t i o n s ,  t w o  or more l e s i o n s  w e r e  found. I n  s u c h  i n s t a n c e s ,  a l l  o f  t h e  

l e s i o n s  were c o u n t e d  and  are  included---." T h i s ,  as well as a s t u d y  o f  

Auerbach'  s a r t i c l e '  i n d i c a t e s  t h a t  t h e  s t a t i s t i c s  g i v e n  a p p l y  t o  t h e  n u r b e r  

of s l i d e s  where s i n g l e  or m u l t i p l e  l e s i o n s  were found and  n o t  t o  t h e  f r a c t i o n  

of t h e  t o t a l  c i l i a  m i s s i n g .  ( A  s l i d e  c o n s i s t e d  o f  s e v e r a l  s e c t i o n s  o f  t h e  

t r a c h e o - b r o n c h i a l  t r ee  w i t h  one s e c t i o n  per s l i d e  examined, and  a s i n g l e  lesion, 

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

was c a t e g o r i z e d  as c o n t a i n i n g  a l e s i o n  w i t h o u t  c i l i a .  Thus,  t h e  m a j o r i t y  of 

t h e  t i s s u e  c o u l d  have sho:m undamaged c i l i a  b u t  would have been p l a c e d  i n  t h e  

c a t e g o r y  of c i l i a  m i s s i n g  because  of t h e  s i n a l e  l e s i o n . )  Thus,  t h e r e  a p p e a r s  

t o  be no e v i d e n c e  i n  t h e  m a t e r i a l  u s e d  by Gofnan t o  s u p p o r t  h i s  a s s u n p t i o n  t h a k  

the 37.5% v a l u e  r e p r e s e n t s  r e g i o n s  of t h i s  magnitude where t h e r e  i s  a b s e n t  c i l -  

iary f u n c t i o n .  

- 

A key p o i n t  i n  Gofman's h y p o t h e s i s  i s ,  t h e n ,  i n  t h e  s e n t e n c e ,  "It 

would n o t  be a t  a l l  c o n s e r v a t i v e ,  f o r  such  r e g i o n s ,  to assume t h a t  t h e  h a l f -  

t i m e  f o r  c l e a r a n c e  is 500 d a y s  f o r  Pu02 p a r t i c l e s , "  (emphasis  a d d e d ) .  

e n t l y  t h i s  v a l u e  f o r  t h e  c l e a r a n c e  a r o s e  from t h e  f o l l o w i n g  r e a s o n i n g :  

Appar- 

1. C l e a r a n c e  i n  t h e  u n c i l i a t e d  p o r t i o n  of t h e  pulinonary t i s s u e  

's t a k e n  a s  500 d a y s  by t h e  I C R P  Task Group; 
IO0 I o o j  
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2. The p o s t u l a t e d  b r o n c h i a l  l e s i o n s  a r e  n o t  c i l i a t e d ;  

3. S i n c e  b o t h  r e g i o n s  a r e  n o t  c i l i a t e d ,  t h e n  t h e  c l e a r a n c e  

must be s imilar .  

T h i s  may be a d e q u a t e  as a fo rma l  s y l l o g i s m  b u t  does  n o t  c o n s t i t u t e  

s c i e n t i f i c  p r o o f .  We have looked  f o r  ev idence  and  f i n d  n o t h i n g  t o  s u p p o r t  

h i s  c o n c l u s i o n .  On t h e  c o n t r a r y ,  t h e r e  are d i f f e r e n c e s  i n  s t r u c t u r e  between 

the deep l u n g  r e g i o n  (pulmonary)  and t h e  b ronch i  o v e r  and above t h e  p r e s e n c e  

or absence  of c i l i a  which ca s t  s t r o n g  doubt  upon a s i m i l a r  r e t e n t i o n  i n  t h e  

. two n o n - c i l i a t e d  r e g i o n s .  The u n c i l i a t e d  pulmonary r e g i o n  c o n s i s t s  of t h e  

small r e s p i r a t o r y  b r o n c h i o l e  l e a d i n g  t o  the a v e o l u s  where t h e  oxygen ex- 

change w i t h  t h e  b lood  o c c u r s .  T h i s  is  a "dead-end" s y s t e m  w i t h  v e n t i l a t i o n  

o c c u r r i n g  by s u c c e s s i - J e l y  moving a i r  i n  and o u t  of  t h e  a v e o l i  2nd  r e s p i r a -  

tory b r o n c h i o l e s  to t h e  b r o n c h i a l  t ree .  C lea rance  from this r e g i o n  is  p r i -  

mar ' i ly  by p h a g o c y t o s i s  and  s o l u b i l i t y .  

The b r o n c h i  which serve t h e  pu rpose  of c a r r y i n g  a i r  from t h e  nose and 

t r a c h e a  are  t u b e s  r a n g i n g  from abou t  0.5 mm i n  d i a m e t e r  to  a b o u t  20  nrn diam- 

e te r  i n  t h e  t r a c h e a .  They a r e  l i n e d  w i t h  c i l i a t e d  e p i t h e l i m  and c e l l s  which 

s e c r e t e  T.IUCUS. The mucus c a p t u r e s  t h e  p a r t i c l e s  and t h e  c i l i a  move t h e  mucus, 

a l o n g  w i t h  t h e  p a r t i c l e s  and phagocytes  from t h e  a v e o l i ,  c o n t i n u o u s l y  upward 

t o  t h e  t h r o a t  where t h e y  are  swal lowed.  

Thus o n e  h a s  t h e  p i c t u r e  of t h e  deep lung a s  a s e r i e s  o f  small ,  dead-end 

sacs as coinpared t o  t h e  open ended tube of t h e  b r o n c h i  where a b l a n k e t  of 

mucus is c o n t i n u a l l y  p r e s e n t  t o  t r ap  p a r t i c l e s  and  move them upward and o u t  of 

t h e  r e s p i r a t o r y  system. Obvious ly ,  t h e  t w o  sys t ems  are c o m p l e t e l y  d i f f e r e n t  
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so that assumpt ions  t h a t  t h e y  w i l l  behave t h e  same i n  r e t a i n i n g  p a r t i c l e s  a r e  

a r b i t r a r y  and unfounded, 

A c r i t i ca l  q u e s t i o n  i n  Gofman's h y p o t h e s i s  i s  t h e  s i z e  of t h e  &nuc?ed 

a r e a s  and t h e i r  b e h a v i o r  i n  r e s p e c t  to  mucus and  p a r t i c l e  t r a n s s o r t .  There  

are norma l ly  areas of r educed  t r a n s p o r t  i n  t h e  r e s p i r a t o r y  systern of non- 

smokers.  The Subcommittee on I n h a l a t i o n  Hazards o f  t h e  C o n v i t t e e  on Patho-  

1 o g i c E f f c c t s o f A t o n i c  Xad ia t ion  d e s c r i b e  t h i s  a s  f o l ~ o w s  i n  t h e i r  1961 

report, "AS t h e  mucous s t r e a m ,  p r o p e l l e d  by the c i l i a e ,  m v e s  up,iz.rZ from 

t h e  t e r m i n a l  b r o n c h i o l e s  t o  t h e  pharynx,  r e l a t i v e  s t a s i s  OCC:ITS where t h e  

stream d i v i d e s  t o  p a s s  a round e n t e r i n g  b r o n c h i  and  around v o c a l  cor2,s.  Small  

w h i r l p o c l s  o f  mucus have been obse rved  a t  t h e s e  p o i z t s ,  '.<here p r o l c n g e d  ex- 

p o s u r e  from r a d i o a c t i v e  p a r t i c u l a t e s  and c o l l o i d s  cou ld  o c c u r .  A l s o ,  i s l a n d s  

of ( n o n - c i l i a t e d )  squamous m e t a p l a s i a  and  a r e a s  i n  which columnar  e p i t h e l i u m  

are denuded of c i l i a e  have been obse rved ;  xucus on t h e s e  i s  r e r a v e d  more 

s l o w l y  by t r a c t i o n . "  

t ac t  an ima l  t h e  r a t e  of t r a n s p o r t  of t h e  nuc inous  f i l n  was f ~ x ? Z  t o  bs some:;ha: 

h i g h e r ,  18 mm per minute ,  t h a n  on t h e  e x c i s e d  t r a c k l a .  The a l t e r n a t e  i n s p i r a -  

t i o n  and e . i p i r a t i o n  a f f e c t e d  t h e  r e t e  of t r w s p o r t  j u t  l i e c l e .  I t  'was, f o c a l -  

l y ,  somewhat s l o v e r  durir .g i n s p i r a t i o n .  An i n t e r e s t i n g  and v e r y  i m p o r t a n t  ob- 

s e r v a t i o n  r e f e r r e d  t o  t h e  manner i n  which t h e  p r o j e c t i n g  s p u r  of t h e  t r a c h e a l  

b i f u r c a t i o n ,  t h e  c a r i n a ,  i s  k e p t  c l e a n .  Here i t  w a s  r.oted t h a t  t h e  moving 

stream of mucin d e s c r i b e d  a s p i r a l  p a t h  and swept  o v e r  t h e  c a r i n a .  I t  appea red  

p r o b a b l e  t o  A n t w e i  l e r  t h a t  o t h e r  r e g i o n s  of b r o n c h i a l  and b r o n c h i o l a r  d i v i s i o n  

8 

Hatch ar.d Gross' d e s c r i b e  t h e  p r o c e s s  as :  " In  t h e  i n -  
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w e r e  k e p t  f r e e  o f  d u s t  and d e b r i s  i n  a s i m i l a r  manner. H i l d i n g  d e s c r i b e d  t h e  

p a t h  of mucus a t  t h e  o p e n i n g s  of d i v i d i n g  p a s s a g e s  d i f f e r e n t l y .  

t h a t  t h e  mucous b l a n k e t ' a t  t h e  u p s t r e a n  margin of t h e  o p e n i n g ,  ccases i ts  

a x i a l  p r o g r e s s ,  d i v i d e s  and  f lows  i n  t w o  d i r e c t i o n s  a b o u t  t h e  n a r g i n s  of t h e  

opening .  ' " D r .  Hatch w a s  a member of t h e  I C W  Task Group on  Lung Dynamics 

and,  as t h e  q u o t e  above i n d i c a t e s ,  w a s  well aware of t h e  i m p o r t a n c e  of t h e  

p o t e n t i a l  i n t e r r u p t i o n s  o f  mucus f low.  

H e  s t a t e d  

There  are a number of reports i n  t h e  l i t e r a t u r e  on b r o n c h i a l  c l e a r a n c e  

f r o m  smokers ,  non-snokers  and  i n d i v i d u z l s  w i t h  a i l x e n t s  s u c h  a s  b r o n c h i t i s .  

These  measurements a re  u s u a l l y  done w i t h  r a d i o a c t i v e  t r a c e r s  a n d  t h e  b r o n c h i a l  

c l e a r a n c e  i s  t a k e n  t o  be t h e  r a p i d  p h a s e  (<1 d a y ) .  I n  g e n e r a l ,  t h e s e  have 

shown c l e a r a n c e  to  be d e l a y e d  i n  c i g a r e t t e  srcokers,  although i n  some cases it 

was i n c r e a s e d .  However, on c a r e f u l  examinat ion  t h e s P  e x p e r i m e n t s  would n o t  

10-23 

detect  t h e  in.;reased r e t e n t i o n  i n  t h e  b r o n c h i a l  r e g i o n  p o s t u l a t e d  by Gofrnan 

s i n c e  t h i s  f r a c t i o n  would be c o n s i d e r e d  as pulmona-ry i l e p o s i t i c n  and  t h e  n a t u r a l  

f l u c t u a t i o n  among i n d i v i d u a l s  i s  too g r a a t  t o  de t ec t  t h e  Gofrnan a s s u q t i o n  o f  

2 .7% d e p o s i t e d  i n  t h s  b r o n c h i o l a r  r e g i o n .  

I n  s e v e r a l  of t h o s e  e x p e r i ~ ~ i e n t s ,  however, t h e  c o u n t e r  used  f o r  t h e  neasurc-  

ment w a s  c o l l i m a t e d  a n d  p l a c e d  t o  examine t h e  c l e a r a r x c  from s p e c i f i c  r e g i o n s  

of the lung. 

- 
Thus, S a n c h i s  e t  a l , l l  gave  c l e a r a n c e  c u r v e s  from t h r e e  r e g i o n s :  

' mainly  c i l i a t e d ,  major a i r -ways ;  l a r g e l y  n o n - c i l i a t e d  a i r -ways ;  and an i n t e r -  

m e d i a t e  area r e f l e c t i n g  both o f  t h e s e  r e g i o n s .  

i n g  of t h e  i n i t i a l  f a s t  c l e a r a n c e  p e r i o d  i n  smokers from 0.7 hrs  t o  2.3 h r s  b u t  

an i n c r e a s e  i n  t h e  i n t e r m e d i a t e  c l e a r a n c e  from 2 2  h r s  t o  13 h r s .  The d e p o s i -  

T h e i r  c u r v e s  i n d i c a t e d  a s l o w -  

t i o n  remain ing  a t  25 h r s  w a s ,  i n  g e n e r a l ,  lower i n  smokers t h a n  i n  non-smokers. 

1 0 0 1  OOb 



- 0- 

Morrow, e t  a l , 2 3  described measurements from a c o u n t e r  p o s i t i o n e d  o v e r  t h e  

car ina ,  where t h e  major b r o n c h i  from t h e  r i g h t  and  l e f t  lungs neet .  The 

c a r i n a  is a pro jec t ion  which i s  n o n - c i l i a t e d  i n  normal  humans. T h e i r  meas- 

urements of t h i s  n o n - c i l i a t e d  a r e a  ( p l u s  some c o n t r i b u t i o n  f r o x  s u r r o u n d i n g  

t i s s u e )  i n d i c a t e  b i o l o g i c  h a l f - t i m e s  r a n g i n g  from 20-37 minutes .  

A ser ies  o f  d i r e c t  o b s e r v a t i o n s  o f  t h e  e f f e c t  of  d e f e c t s  of t h e  c i l i a  

24 were made by H i l d i n g .  u s i n g  t h e  t r a c h e a  from f r e s h l y  k i l l e d  cows. I n  s u c h  

spec imens  the c i l i a r y  a c t i o n  c o n t i n u e s  f o r  a number of h o u r s  a f t e r  d e a t h  and 

mucous s t r e a m i n g  c a n  be o b s e r v e d .  However, i t  is n o t  known whether  mucus 

p r o d u c t i o n  c o n t i n u e s  unabated  a f t e r  t h e  c i r c u l a t o r y  s y s t e n  i s  renoved.  I n  

f a c t ,  several  o b s e r v a t i o n s  by t i i l d i r ~ g ~ ~  would i n d i c a t e  abnormal nucus  pro- 

d u c t i o n  u n d e r  t h e s e  c o n d i t i o n s  r e s u l t i n g  i n  a n c h o r i n g  of t h e  mucous b l a n k e t .  

T h i s  would,  u n d o u b t e d l y ,  r e s u l ' t  i n  p o o r e r  c l e a r a n c e  than  would be e-xpected. 

D e f e c t s  i n  t h e  c i l i a  were produced  m e c h a n i c a l l y  and  I n d i a  i n k  used as a t racer .  

Over t h e  period of s e v e r a l  h o u r s  o f  , t h e  e x p e r i m e n t ,  t h e  u p s t r e a .  1;?3rgi;l of t h e  

denuded area i n d e e d  d i d  accumula te  i n k ,  even though i t  was n o t e d  t h e t  the in!; 

tendec! to  flow t o  o n e  o r  b o t h  s i d e s  of t h e  i s lanc i .  When a s a s s  of 'ICCUS was 

p l a c e d  u p s t r e a m  of t h e  denuded a r e a ,  i t  was p u l l e d  under t h e  main mass of  

mucus as t h i s  was p a r t l y  dragged  and p a r t l y  r o l l e d  a c r o s s  t h e  i s l a n d  so t h a t  

t h e  i s l a n d  w a s  c o v e r e d ,  R e p e t i t i o n  o f  t h e  s t u d y  w i t h  t h e  i n k  i n d i c a t e d  t h a t  

t h e  ups t ream a c c u m u l a t i o n  d i d  n o t  s e e m  t o  be as l a r g e  o r  d e n s e  and w a s  more 

r e a d i l y  d r a g g e d  away by c i l i a r y  a c t i o n .  

I n  a second e x p e r i m e n t ,  c i g a r e t t e  smoke w a s  blown t h r o u g h  t h e  t r a c h e a e  

of c a l v e s '  lungs from which t h e  lower  t h i r d  w a s  removed. T h i r t y - n i n e  de- 

c i l i a t e d  i s l a n d s  were produced m e c h a n i c a l l y  i n , t h e  t r a c h e a  and  main b r o n c h i  
I 
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of s i x  specimens by p r o c e d u r e s  s i m i l a r  t o  t h o s e  u s e d  b e f o r e .  I n  a l l ,  o n l y  

f i v e  i s l a n d s  marked by smal l  masses of t a r - c o n t a i n i n g  mucus were found a f t e r  

1-1/2 or  3 hours .  

These e x p e r i m e n t s  i l l u s t r a t e  t h e  complex n a t u r e  of t h e  d e p o s i t i o n  and re- 

t e n t i o n  phenomena i n  t h e  c i l i a t e d  a r e a s .  I n  g e n e r a l ,  t h e  mucus i s  v i s c o u s  

a n d  c o h e s i v e  so t h a t  t h e  movement is n o t  due t o  a few c i l i a  under  a g i v e n  s p o t  

b u t ,  r a t h e r ,  is due  t o  t h e  combined e f f e c t  of many c i l i a  o v e r  a s izable  area 

moving the mucus as a b l a n k e t .  I n  d i s c u s s i o n  of t h e  a p p l i c a t i o n  of h i s  f i n d -  

i n g s  t o  possible a c c u m u l a t i o n  of c i g a r e t t e  t a r s  i n  such  an area H i l d i n g  re- 

ports :  

c a u s e  a n  a c c u m u l a t i o n .  The m a j o r i t y  p r o b a b l y  would not .  I n  nost  i n s t a n c e s ,  

2 4  

"I t  is n o t  to be supposed  t h a t  every t i n y  n o n - c i l i a t e d  Spot would 

t h e  mucous b l a n k e t  p r o b a b l y  would s l i d e  o v e r  o r  around f a i r l y  r e a d i l y .  Un- 

u s u a l  l oca l  c o n d i t i o n s  of  c i l i a r y  s t r e a r i n g  would p r o b a b l y  be n e c e s s a r y .  " 

I n  r e v i e w i n g  t h e s e  e G e r i m e n t s ,  t h e  d u r a t i o n  of t h e  r e t e n t i o n  i n  s u c h  

areas is of c o n s i d e r a b l e  impor tance .  Usual ly ,  t h e  phenomena xere o b s e m e d  

f o r  o n l y  a few h o u r s  and ,  i n  t h i s  time, a p p a r z n t l y  i m p o r t a n t  c l e a r a n c e  had 

o c c u r r e d .  There  i s  r,o r e a s o n  t o  b e l i e v e  t h a t  accLr ;u la t ions  w i t h  h a l f - l i v e s  

of 500 clays would o c c u r  e v e 3  i n  these l i m i t e d  r e g i o n s .  

For such  a c c m u l a t i o n s  t o  o c c u r  i n  t h e  small t i s s u e  volume of the  bron- 
~ 

c h i a l  r e g i o n  o f  one gram p o s t u l a t e d  by Gofman, t h e  p l u t o n i u m  must  e i t h e r  

e n t e r  t h e  b r o n c h i a l  e p i t h e l i u m  or  be r e t a i n e d  by a mucous l a y e r  s t a t i c  a t  one 

spot. The former  a l t e r n a t i v e  i s  u n l i k e l y  on two counts .  Lewis and Coughlin 26 

i n d i c a t e :  "Smoking is known t o  i n d u c e  loss of b r o n c h i a l  c i l i a  and to  s u p p r e s s  

t h e i r  a c t i v i t y  ..... Sm0kin.g a lso c a u s e s  a d e c r e a s e  i n  broncho-pulmonary s u r -  

f a c t a n t  volume ..... These  f a c t o r s  would t e n d  t o  i n c r e a s e  t h e  l i k e l i h o o d  o f  

d u s t  r e t e n t i o n  i n  smokers. On t h e  o t h e r  hand, s t u d i e s  u s i n g  e x p e r i m e n t a l  

1 0 0 1 0 0 ~  
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animals  have shown t h a t  a c u t e  l u n g  i n f e c t i o n  a s s o c i a t e d  w i t h  i n f i l t r a t i o n  of 

t h e  a r e a  w i t h  inf lammatory  c e l l s  h a v i n g  p h a g o c y t i c  p r o p e r t i e s  ..... causes an  

i n c r e a s e d  r a t e  of lung d u s t  c l e a r a n c e .  C i g a r e t t e  szoke  i s  a p o t e n t  t i s s u e  

i r r i t a n t  known t o  i n d u c e  i n f i l t r a t i o n  o f  t h e  b r o n c h i a l  e p i t h e l i u m  w i t h  phago- 

c y t i c  i n f l a n m a t o r y  c e l l s  ..... a factor  t h a t  m i g h t  enhance t h e  r a t e  of d u s t  

c l e a r a n c e . "  Secondly ,  u s i n g  h i s  v a l u e s  f o r  t h e  q u a n t i t y  i n  t h e  b r o n c h i a l  

area ( 2 . 7 % )  r e t a i n e d  w i t h  a l o n g  h a l f - l i f e  (500 d a y s )  a mechanism of e n t r y  

i n t o  t h e  t i s s u e  would pred ic t  t h a t ,  for  a noma1 d u s t  c o n c e n t r a t i o n  of 

100 pg/n , t h e  o n e  gram of b r o n c h i a l  e p i t h e l i u m  would accumula te  a t  e q u i l i b r i u n  

sone 39 ng o f  d u s t .  Thus,  t h e  t i s s u e  would c o n t a i n  a b o u t  4 %  by w e i g h t  o f  s u c h  

d u s t .  I n  f a c t ,  s i n c e  Cafman p o s t u l a t e s  t h a t  o n l y  25% of t h e  b r o n c h i a l  e p i t h e -  

l i u i i  i n  smokers  and  2 %  i n  non-smokers a r e  i n v o l v e d ,  silch a mechanism would 

1ez.d t o  l o c a l  a c c u n u l a t i o n s  such  t h a t  t h e  t i s s u e  c o n c e n t r a t i o n  of d u s t  wouici 

be &out 168 i n  t h e s e  l o c a l i z e d  a r e a s .  O f  c o u r s e ,  i n  i n d u s t r i a l i z e d  c o m u n -  

i t i e s ,  t h e  a c t u a l  c o n c e n t r a t i o n  i n  t h e  a i r  may be s e v e r a l  t i m e s  t h e  100 pg/m 

assurned above.  T h i s ,  t y e r e f o r e ,  seems to  be an  u n l i k e l y  a l t e r n a t i v e .  I f  t h e  

accumula t ion  i s  i n  the inuccs, t h e n  soae mechanisn for a1lo:cing KXCIIS t o  accsmu- 

3 

3 

l a t e  wi thoi i t  b lockinc;  t h e  a i r  p a s s a g e  n c s t  be d ~ ~ i s s d .  I n  a d d i t i o n ,  t h e  ?.OS,P 

c a l c u l a t i o n s  n u s t  t a k e  i n t o  a c c o u n t  t h e  energy a b s o r b e d  by t h e  mucus arid, t h u s ,  

c a n n o t  r e a c h  t h e  b r o n c h i a l  e p i t h e l i u m .  Such e x a m i n a t i o n  o f  t h e  p o s s i b i l i t i e s  

and  consequences  of t h e  p o s t u l a t e d  a c c u i i u l a t i o n  would l e a d  t o  a b e l i e f  t h a t  

t h e  v a l u e  of 500 d a y s  chosen is u n r e a l i s t i c a l l y  h igh .  

One o t h e r  p o i n t  which must be c o n s i d e r e d  i s  t h a t  a l t h o u g h  Gofman u s e s  a 

v a l u e  of one  gram f o r  t h e  m,ass o f  t h e  b r o n c h i a l  e p i t h e l i u i ,  he  p o s t u l a t e s  t h e  

r e t e n t i o n  i n  o n l y  a p o r t i o n  of t h e  b r o n c h i a l  r e g i o n  ( 2 5 %  €or s m o k e r s  and 2 8  

I O 0  I009 
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fo r  n o n - s m k e r s ) .  Thus,  t h e  dose  is not d e l i v e r e d  ur . i forn ly  to  t h e  e n t i r e  

b r o n c h i a l  e 2 i t h e l i u m  b u t  to  t h e s e  s e l e c t e d  r e g i o n s  oE i n 2 a i r e d  c l e a r a n c e .  

T h i s  assumes, p a r t i c u l a r l y  for  t h e  smokers ,  t h a t  l o c a l i z e d ,  i n t e n s e  i r r a d i a -  

t i o n  i s  more h a z a r d a u s  t h a n  lower l e v e l  i r r a d i a t i o n  cf a larcje volun2.  T n i s  

i s  a n o t h e r  form of t h e  " h o t  p a r t i c l e "  h y p o t h e s i s  which h e s  Seen e i p e r i c 2 n t a l l y  

d i s c r e d i t e d .  27 

The f o r e g o i n g  d i s c u s s i o n  emiIhasizes t h e  f ac t  t h a t  t h e  e n t i r e  b a s i s  f o r  

t h e m f r n a n n o d e l  of  p l u t o n i u i i  a c c u m d a t i o n ,  r e s u l t i n g  r a d i a t i o n  dose and 

effects  is a sheer assumpt ion .  While f i r m  data to  r e f u t e  t h e  a s s u m p t i o n s  a r e  

n o t  a v a i l a b l e ,  c o n s i d e r a t i o n  of t h e  d i f f e r e n c e s  be txeon t h e  deep  l u n g  2nd t h e  

c i l i a t e d  r e g i o n  a l o n g  w i t h  such  measurements a s  are  ava i lab le!  would i n d i c a t e  

t h a t  t h e  a s s u r q t i o n  of major accumula t ion  i n  n o n - c i l i a t e d  a r i a s  and reten 'z lon 

w i t h  a h a l f - l i f e  of 5 0 0  d a y s  i s  u n r e a s o n a b l e .  

The. Manhattan D i s t r i c t  tlorkers 

I n  Reference  2 ,  Gofman conpares h i s  assumed model a g a i n s t  t h e  r e s u l t s  

from t h e  27-year  s t u d y  of i n d i v i d u a l s  exposed i n  t h e  e a r l y  d a y s  of  t h e  Manhattan 

P r o j e c t .  V n i l e  we concur  w i t h  the g e n e r a l  s t a t c n s n t  of Cafnan  t h a t  t h e r e  

ar2 many = ? c e r t a i n t i e s  and  t h a t  t h e  nunber  of i n d i v i d c z l s  i s  too szall t o  pro-  

v i d e  d e f i n i t i v e  c o n c l u s i o n s  a t  t h i s  t i m e ,  w e  

tors  i n  these s t u d i e s  which h e  h a s  minimized 

r e a s o n a b l e .  

The body b u r d e n s  r e p o r t e d  by Hempelmann 

do wish  t o  p o i n t  o u t  s e v e r a l  fac- 

as well as o t h e r s  which a p p e a r . u n -  
- 

are  c r i t i c i z e d  by Gofman be- 

c a u s e  t h e y  a r e  c a l c u l a t e d  from t h e  g e n e r a l l y  a c c e p t e d  Langhsm equat ions2 '  r a t h e r  

t h a n  t h e  e x p o n e n t i a l  model d e r i v e d  by t h e  ICRP3O t o  s i m p l i f y  d o s e  c a l c u l a t i o n s .  

I n  f a c t ,  t h e r e  are  s e v e r a l  r e f e r e n c e s  on comparison of a u t o p s y  r e s u l t s  w i t h  u r i n e  

I O 0  I O 1 0  
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r e s u l t s  which i n d i c a t e  t h a t  on t h e  a v e r a g e ,  t h e  body burden c a l c u l a t e d  from 

u r i n a r y  e x c r e t i o n  overestimates t h e  v a l u e  o b t a i n e d  from t i s s u e  a n a l y s i s .  
31 , 3 2  

An examinat ion  of t h e s e  d a t a ,  w e i g h t i n g  more h e a v i l y  t h e  v a l u e s  o b t a i n e d  fron 

u n 2 u b l i s h e d  work u s i n g  t h e  same method of i n t e r p r e t a t i o n  of u r i n e  d a t a  as 

Heiqelmann and t h o s e  v a l u e s  o b t a i n e d  from i n d i v i d u a l s  w i t h  s i g n i f i c a n :  body 

b u r d e n s ,  i n d i c a t e s  t h a t  a f a c t o r  of t h r e e  t o  f i v e  lower t h a n  t h e  v a l u e  g i v e n  

by Henpelmann would be c o n s e r v a t i v e  and would b? more a p p r o F r i a t e  t h a n  t h o s e  

c a l c u l a t e d  by Gofman from a nodel d e r i v e d  for o t h e r  p u r p o s e s .  I n  f a c t ,  t h e  

Hexpelmann document i n d i c a t e s  t h a t  i n  o n e  of t h e  cases s t u d i e d  where a sample 

of r i b  w a s  a v a i l a b l e ,  t h e  agreement  w a s  much b e t t e r  t h a n  t h e  a j o v e  f a c t o r s .  

One o t h e r  factor  i g n o r e d  by Gofinan i n  h i s  e s t i m a t e  i s  t h e  p r e s e n c e  of 

plutoniuin i n  t h e  l u n g  and  lymph nodes even a t  l o n g  t imes a f t e r  ewosure. 

Henpelmnn2* r e p o r t s  t h a t  1 4  o f  t h e  2 1  p e r s o n s  measured i n  1971-72 had quail-- 

t i t i e s  i n  t h e  c h e s t  d e t e c t a b l e  by t h e  r e l a t i v e l y  n o n - s e n s i t i v e  e x t e r n a l  c o u n t e r .  

T h i s  i n c l u d e d  some o f  t h o s e  working i n  t h e  r e c o v e r y  o p e r a t i o n s  f o r  which Gofmn 

a s c r i b e d  a 50-day h a l f - l i f e  for pulmonary burdens .  Data i n c l u d e d  by iiempelmaiin 

on one b i o p s y  sam?le i n d i c a t e d  t h a t  t h e  q u a n t i t y  s t i l l  i r !  t h e  l u n g  1112s a b o u t  

12.5% of t h e  r e 2 o r t e d  body burden e s t i m a t s d  f r o n  u r i n a r y  e x c i - i t i o n .  I n  a d d i -  

t i o n ,  i f  we accept t h e  estimate o f  t h e  t r a c h e o - b r o n c h i a l  lymph node mass of 

P 0 c h i 1 - 1 ~ ~  of 15 grams, a n  a d d i t i o n a l  3.5% was p r e s e n t  i n  t h e s e  o r g a n s .  

The u r i n e  w i l l  n o t  r e f l ec t  t h i s  r e s i d u a l  l u n g  burden  s i n c e  t h e  u r i n a r y  e x c r e -  

tion i s  a measure o n l y  of t h a t  q u a n t i t y  going  t o  t h e  b loods t ream.)  One i n d i -  

v i d u a l  from t h i s  group w a s  r e c e n t l y  k i l l e d  i n  a n  automobile a c c i d e n t .  While 

( N o t e .  - 

a n a l y t i c a l  r e s u l t s  are n o t  a v a i l a b l e ,  measurements of p l u t o n i u m  x- rays  i n d i -  

c a t e  t h a t  a s i g n i f i c a n t  q u a n t i t y  i s  p r e s e n t  i n  t h e  lung ,  t h e r e b y  c o n f i r m i n g  

! 
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t h e  r e s i d u a l  burden.  Such a n  e f f e c t  i s  n o t  i n c l u d e d  i n  t h e  formal I C P P  lung  

model a l t h o u g h  it  is n o t  unexpec ted  from o t h e r  f i n d i n g s  w i t h  n o n - r a d i o a c t i v e  

m a t e r i a l s .  

I f ,  t h e n ,  w e  correct the Hempelrnann s y s t e m i c  body b u r d e n s  by r e d u c i n g  by 

a f a c t o r  o f  5 ,  w e  o h t a i n  a v a l u e  of a b o u t  0.5 v C i  f o r  t h e  e n t i r e  group.  I f  

w e  assu;ne, on the bas i s  o f  the o n l y  d a t a  ava i lab le ,  t h a t  t h e  r e s i d u a l  amount 

i n  t h e  l u n g  and  lymph nodes  i s  r e p r e s e n t e d  by 0.16 tines t h e  u n c o r r e c t e d  u r i n e  

r e s u l t s ,  w e  f i n d  an  a d d i t i o n a l  0 .4  u C i  i n d i c a t i n g  a t o t a l  of 0.9 p C i  now i n  

t h e  group.  I f ,  t h e n ,  w e  u s e m f m a n ' s  f a c t o r  of 5 t o  es t imate  the  i n i t i a l  l ung  

dsposit  we a r r i v e  a t  4.5 p C i  a s  compared to h i s  e s t i n a t e  of 0.89 V C i .  

The use  of a SO-day h a l f - l i f e  i n  t h e  lung f o r  90% of t h e  d e 9 o s i t e d  p l u -  

tonium i s  i n  a c c o r d  w i t h  t h e  I C P 9  mcdel b u t  c e r t a i n l y  does  n o t  conform to  t h e  

o b s e r v a t i o n  n o t e d  by Hempelmann and d i s c u s s e d  above  t h a t  s , i g n i f i c a n t  q u a n t i t i e s  

o f  p lu ton ium remain i n  t h e  lung  a f t e r  27  y e a r s .  However, t h e  i n f o r m a t i o n  ava i l -  

able on t h e  a c t u a l  exposure  c o n d i t i o n s  i s  v e r y  meager and  we w i l l  accept t h e  

Gofman es t imate  n o t i n g  o n l y  t h a t  we b e l i e v e  t h a t  it r e p r e s e n t s  a ve ry  conserv-  

a t i v e  u n d e r e s t i m a t e  of t h e  a c t u a l  r e t e n t i o r ,  time and, h e n c s ,  6 o s e .  

Gofman t h e n  uses  a c o r r e c t i o n  f a c t o r  of 0 . 2 2 ,  derived f r o m  the  r a t i o  

of t h e  t o t a l  n u d e r  of lung  c a n c e r  d e a t h s  i n  1345  t o  t hoss  i n  1975, to  r educe  

t he  number of cases e x p e c t e d .  T h i s  fac tor  i s  a l s o  used ' e l s ewhere  i n  h i s  paper. 

The r a t i o n a l e  f o r  t h i s  correction f a c t o r  i s  n o t  g i v e n ,  b u t  t h e  i m p l i c a t i o n s  are 

clear. 

we must assume t h a t  t h e  l u n g  c a n c e r  i n  t h e  o l d e r  group i n  1945 is ,  i n  some way, 

a measure of t h e  r a d i a t i o n  damage which will o c c u r  i n  t h e  20-24 y e a r  o ld  g r o u p  

wi th  x h i c h  we are  conce rned .  The i n c r e a s e  i n  "spontaneous"  l u n g  c a n c e r  whic!i 

S i n c e  l u n g  c a n c e r s  o c c u r  c h i e f i y  i n  t h o s e  40 y e a r s  of age  or grea te r ,  
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has  occurred s i n c e  1935, t h e n ,  has n o  i n f l u e n c e  on t h e  expec ted  i n c r e a s e .  I n  

e s s e n c e ,  i f  w e  a c c e p t  Gofman's e s t i m a t e  of a 2% i n c r e a s e  p e r  rem o v e r  t h e  

"spontaneous" r a t e ,  t h e n  by 1975,  t h e  u s e  of t h i s  c o r r e c t i o n  f a c t o r  would  im- 

ply a n  i n c r e a s e  of 0.22  x 2 = 0.43% based  up011 t h e  1375 " spon taneous"  r a t e  

f o r  t h e  c o h o r t s  of t h e s e  i n d i v i d u a l s .  

Th i s  c o r r e c t i o n  n o t  o n l y  aspears t o  i g n o r e  m u l t i p l e  i n s u l t  t h e o r i e s  of 

c a n c e r  f o r m a t i o n  S u t  a l s o  seems t o  c o n t r a d i c t  G o f x n ' s  own t h e s i s  x h i c h  he 

34 r e s e n t e d  i n  1972  as: " S i n c e  spon taneous  age s p e c i f i c  c a n c e r  m o r t a l i t y  r a t i s  

Qhange w i t h  a g e  ( r i s i n g  s t e e p l y  w i t h  age beyond 2 0  y e a r s ) ,  t h e  a s s u z p t i o n  of  

a f i x e d  p e r c e n t a g e  i n c r e m e n t  f o r  r a d i a t i o n - i n d u c e d  e x c e s s  over  t h e  whole p l a -  

t e a u  i m p l i e s  t h a t  t h e  a b s o l u t e  i n c r e a s e  i n  a g e - s p e c i f i c  m o r t s . l i t y  r a t e  induced 

- . . .. . 

by r a d i a t i o n  a l s o  changes w i t h  age .  T h u s ,  i f  t h e  p l a t e a u  reGion r e ? r e s e n t s  a 

6 i n c r e a s e  i n  m o r t a l i t y  r a t e ,  t h e r e  w i l l  be 1000 e x t r a  d e a t h s  p e r  10 p e r s s n s  

y e a r  where the spontan2ous m o r t a l i t y  r a t e  i s  2030 deaths p e r  l o 6  r e r s o n s  

y e a r .  

6 10 p e r s o n s  p e r  y e a r ,  t h e  a b s o l u t e  increment  $122 to  r a d i a t i o x  would be 

A t  a l a t e r  age ,  w i t h  a spon taneous  m o r t a l i t y  r a t e  of 4000 d e h t h s  

6 2000 d e a t h s  per  10 persons p e r  y e a r .  ~ h u s  a c o n s t a n t  p e r c o n t a g ?  i n c r e n e n t  i n  

t h e  p l a t e a u  r e s p o n s e  r e g i o n  i n p l i e s  t h a t  a b s o l u t e  r a d i a t i o n - i n d u c e d  a s e - s ? e c i f i c  

m o r t a l i t y  r a t e  i n c r e m e n t s  w i l l  i n c r e a s e  o v e r  a span of a g e s . "  I n  a d d i t i o n ,  

t h e  use of t h e  total number of c a n c e r s  r a t h e r  t h a n  t h e  i n c i d e n c e  igjr,ores t h e  

f a c t  t h a t  t h e r e  were o n l y  50-75% as many males  o v e r  50 y e a r s  of a g e ,  where 

most lung c a n c e r s  o c c u r ,  i n  1945 a s  compared t o  1975. On t h e s e  b a s e s ,  we be- 

l i e v e  t h a t  the f a c t o r  of 0 . 2 2  € o r  exposure  i n  1945 is unwarranted.  

Gofman then  c a l c u l a t e s  t h e  f r a c t i o n  of lung cancer  f a t a l i t i e s  t o  be 

e x p e c t e d  b y  t h e  i n d i v i d u a l s  i n  t h e i r  e a r l y  f i f t i e s  by applying a c o r r e c t i o n  

1 0 0 1 0 1 3  
I 
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f a c t o r  d e r i v e d  from d a t a  on page 138 of t h e  Surgeon G e n e r a l ' s  r ~ p o r t . ~  T h i s  

page c o n t a i n s  a graph  showing t h e  i n c r e a s e  i n  l u n g  c a n c e r  i n c i d c n c e  i n  c o h o r t  

g r o u p s  born  i n  1900, 1890, 1880, 1670, 1860, and  1850, a s  d e r i v e d  from t h e  i n -  

c i d e n c e  r a t e s  in t h e  y e a r s  t o  1961. I t  is  n o t  c lear  how Gofman used t h i s  

g r a p h  of i n c i d e n c e  f o r  i n d i v i d u a l s  born  i n  1900 and  b e f o r e  t o  o b t a i n  t h e  ex-  

p e c t e d  d i s t r i b u t i o n  o f  number o f  cases f o r  i n d i v i d u a l s  born  i n  1920-25. Sev- 

e r a l  i n t e r e s t i n g  and i m p o r t a n t  c o n c l u s i o n s  were drawn by t h s  Advisory  Corn i t t ee  

as a consequence of t h e s e  c u r v e s .  These were: " ( a )  !.Tithin e a c h  c o h o r t ,  l u n g  

c a n c e r  m o r t a l i t y  i n c r e a s e s  unabated  t o  t h e  end of t h e  l i f e  s p a n ;  and  ( 5 )  suc-  

c e s s i v e l y  younger  c o h o r t s  of males are  a t  h i g h e r  r i s k s  t h r o u g h o u t  life t h a n  

t h e i r  predecessors." To i l l u s t r a t e  t h e  l a t t e r  p o i n t ,  t h e  cuxves  show t h a t  

t h e  i n c i 2 e n c e  a t  a g e s  40 and 50 was a!mut 5 t i m e s  t h a t  for m a l e s  b o r n  i n  

1900 as compared t o  t h o s e  b o r n  i n  1880. The i n f l u e n c e  o f  t h i s  o n  t h e  p e r c e n t -  

a g e s  fo r  e a c h  a 5 e  group e s t i m a t e d  by Gofman i s  n o t  known. However, it i s  

possible t h a t  u n l e s s  h e  used  more c u r r e n t  d a t a  t h a n  h e  r e f e r e n c e s ,  h i s  e s t i n a t e s  

c o u l d  be l o w .  

Even w i t h  t h e  i ; n c e r t a i n t i e s  n o t e d  and u s e  of c o n s e r v a t i v e  v a l u e s ,  :.re have 

shown t h a t  if one u s e s  t h e  e x p e r i x e n t a l  e v i d e n c e  a v a i l a b l e ,  Gofncln's e s t i E t e s  

of amount i n i t a l l y  d e p o s i t e d  s h o u l d  be i n c r e a s e d  by a factor of 4.5/0.89 = 5 

a n d  d i s a l l o w i n g  h i s  r e d u c t i o n  by a f a c t o r  of 0.22 f o r  e x p o s u r e  in 1945 leads 

to a n o t h e r  f a c t o r  of 1/0.22 = 4.5 f o r  a t o t a l  i n c r e a s e  i n  h i s  estimates of 22.5. 

Thus,  i n s t e a d  of e x p e c t i n g  0 . 2  cases of lung c a n c e r ,  on h i s  h y p o t h e s i s  w e  would 

c o n s e r v a t i v e l y  e x p e c t  4 . 5  cases. The p r o b a b i l i t y  o f  s e e i n g  no cases would be 

a b o u t  1%. As Gofman i n d i c a t e d ,  t h e  expected ra te  under  h i s  h y p o t h e s i s  w i l l  

rise r a p i d l y  a s  t h e s e  men age .  I t  h a s  been 2-1/2 y e a r s  s i n c e  t h e  Ilcm?elmann 

- 

t o o  1 0 1  4 I 
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study was r e p o r t e d  and  no  cases have developed  i n  t h e  i n t e r i m ,  t h e r e b y ,  de- 

c reas ing  t h e  p r o b a b i l i t y  of h i s  h y p o t h e s i s  even f u r t h e r .  

The B E I R  E s t i m a t e  

I n  report 1, Gofman p r e s e n t s  a numher f o r  t h e  r e l a t i v e  r i s k  which he 

t i t l e s  t h e  “ B E 1 2  E s t i m a t e . ”  However, h e  d e r i v e s  t h i s  f r o 9  a s i n g l e  s e n t e n c e  

from t h e  B E I R  Report3’ i n  t h e  s e c t i o n  on  lung c a n c e r s  which s ta tes ,  “ I t  i s  

possible, t h e r e f o r e ,  t 3 a t  i n  t h e  f i n a l  a n l a y s i s . .  . . t h e  r e l a t i v e  r i s k  w i l l  

r e a c h  0.5% o r  h i g h e r . ”  From t h i s ,  h e  c o n c l u d e s  kya t  t h e  B E I R  Cormittee s h ~ u l ?  

have  used t h i s  f i g u r e  and ,  t h e r e f o r e ,  a t t r i b u t e s  i t  t o  thein. 

I n  f a c t ,  t h e  BEIR Committee a f t e r  a d e t a i l e d  rev iew o f  t h e  Gofman hypo- 

thesis  concluded  t h a t  c e r t a i n  of  h i s  a s s m q t i o n s  ( p r i m a r i l y  t h a t  a l l  cancers 

have t h e  same d o u b l i n g  d o s e )  were, a t  l e a s t ,  q u e s t i o n s b l e  and t h a t  t h e  e v i d e n c e  

to  d i s t i n g u i s h  bet;;ieen t h e  absolu te  r i s k  method and  t h e  r e l a t i v e  r i s k  method 

d i d  n o t  c l e a r l y  s u 2 2 o r t  e i t h e r .  They, t h e r e f o r e ,  e s t i m a t e d  t h e  r i s k s  on b o t h  

bases b u t  €or :.he c a l c u l a t i o n s  of  a l l  c a n c e r s  o t h e r  t h a n  leukemia  by t h e  

r e l a t i v e  r i s k  inethod used a v a l u e  o n e - t e n t h  of t h a t  o f  Gofman o r  0 . 2  per  r e m .  

C e r t a i n l y  t h e  Coxnittee was & w a r e  o f  t h e  0.5.9 s t a t e c e n t  but, on b z l a n c e ,  

t h e y  chose  t o  use t h e  lower v a l u e .  Thus,  t h e  a t t r i b u t i n g  of  Gofaan‘s h i g h e r  

r i s k  estimate t o  t h e  B E I R  Committee i s  d i f f i c u l t  t o  j u s t i f y .  F u r t h e r ,  t k e  BCI3 

Committee d id  p r o v i d e  a second v a l u e  i n  t h e  r i s k  a n a l y s i s  based upon t h e  abso-  

. -  

l u t e  r i s k  e s t i m a t e .  While Gofman may f e e l  t h a t  t h e  s c i e n t i f i c  e v i d e n c e  is 

overwhelmingly i n  f a v o r  of t h e  r e l a t i v e  r i s k  method ( r e f e r e n c e  1, page  4 ) ,  it 

is a p p a r e n t  t h a t  t h e  i n d i v i d u a l s  on t h e  BEIR Committee d i d  not a g r e e  w i t h  him. 

N o r m a l  s c i e n t i f i c  p r a c t i c e  would  i n d i c a t e  t h a t  t h e  a c t u a l  v a l u e s  ( i n c l u d i n g  

both r e l a t i v e  and a b s o l u t e  r i s k  v a l u e s )  used b y  t h e  B E I R  Cormittee s h o u l d  be 



- 17- 

g i v e n  i f  t h e  B E I R  es t imate  i s  to  be judged  p r o p e r l y  a g a i n s t  t h e  h y p o t h e s i s  

s e t  f o m a r d  by  Gofman. 
. .  

T h i s  b r ie f  coxnen t  is i n c l u d e d  t o  i l l u s t r a t e  a problem w i t h  b o t h  2ocunen t s .  

The unwary reader can  be l e d  to believe t h a t  t h e  hy_oothesis  f o r m u l a t e d  by 

Gofnan and  t h e  assumed va lues  €or t h e  q u a n t i t a t i v e  parameters a re  i n  closer 

agreement  w i t h  o t h e r  e s t ima tes  t h a n  t h e y  a c t u a l l y  a re .  

CCNCLUS IONS 

Gofrnan h a s  p roduced  a h y g o t h e t i c a l  model based l a r c p i y  on  a s s u n p t i o n  

a n d  t h e  q u a n t i t a t i v e  p r e d i c t i o n s  of h i s  p r e v i o u s  p a p e r s  on c a r c i n o g e n i c  a c t i o n s  

of r a d i a t i o n .  T h e s e  e a r l i e r  p r e d i c t i o n s  have n o t  been a c c e p t e d  ir. t h e  s c i e n -  

t i f i c  c o n i ~ ~ i ' i y .  As  a r e s u l t  of t h e  p r e d i c t i o n s  cf t h i s  nod21 he c a l l s  f o r  a 

".. .worldwide r e j e c t i o n  of n u c l e a r  f i s s i o n  e n e r g y  i n v o l v i n g  any  k i n d  of  p lu -  

ton ium h a n d l i n g  o r  r e c y c l i n g . "  H e  rejects c o n p l e t e l y  t h e  n o d e l s  and knowledge 

of those i n d i v i d u a l s  who have  s t u d i e d  s u c h  problems i n d i c a t i n g  t h e i r  ' I . .  . fail- 
ures  to  cone t o  g r i p s  w i t h  t h e  r e a l - l i f e  problem of b r o n c h o p l n o n a r y  r e t s n t i o n  

of PuO p a r t i c l e s  i n  c ic jz rc t te -smoking  hunans.  " 
2 

In  o u r  review of h i s  papers we ha;!e conc luded  t h a t  t h e  s p e c u l a t i o n s  of 

Gofman r e q u i r e  t h e  a r b i t r a r y  a c c e p t a n c e  o f  too many numer i ca l  parameters 

a n d  unconf i rmsd mechanisms t o  be acceptable as  e v e n  a n  approxinate n u m e r i c a l  

e s t ima te  of po ten t i a l  l u n g  c a r c i n o g e n e s i s  by p lu tonium.  The re  is ,  i n d e e d ,  a 

p a u c i t y  of d i r e c t  measu renen t s  of c l e a r a n c e  ra tes  for i n t z c t  and damaged bron- 

c h i a l  c i l i a t e d  e p i t h e l i u m  b u t  c u r r e n t  i n f o r m a t i o n  would i n d i c a t e  t h a t  the prob- 

l e m  i s  n o t  a s  s e r i o u s  a s  p o s t u l a t e d  by Gafman. We would recom.cnd t h a t  measure- 

men t s  c o n t i n u e  w i t h  more Em?hasis on the  a b s o l u t e  b r o n c h i a l  r e t e n t i o n ,  and  t h a t  

- 

. 
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u n t i l  such  e v i d e n c e  i s  a v a i l a b l e ,  t h e  Gofman p r e d i c t i o n s  be r e g a r d e d  a s  i n -  

t e r e s t i n g  and i m g i n a t i v e  s p e c u l a t i o n s  which s h o u l d  s e r v e  t o  s t i m u l a t e  i n -  

c r e a s e d  i n t e r e s t  i n  c e r t a i n  phases of c u r r e n t  s t u d i e s .  However, we cannot con- 

c u r  w i t h  his o f t e n  s t a t e d  p o s i t i o n  t h a t  s p e c u l a t i o n ,  no  m a t t e r  h o w  poorly 

f o w d e d ,  i s  a p r o p e r  b a s i s  € o r  p u b l i c  health d e c i s i o n s .  

l o o l o l l  I 
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