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A BRIEF REVIEW OF THE PLUTONIUI\I LGNG 

CANCER ESTIiWTES B Y  JOHN LJ. GOFIGUI 

BY 

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

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

Los A l a m o s  S c i e n t i f i c  Labora to ry  

Oc tobe r  8, i 9 7 5  

1 ? 2  I n  s e v e r a l  re;?orts i s s u e d  by t h e  Committee f o r  Nuclear  R e s p o n s i b i l i t y ,  

Gofman p r o p o s e s  a d o s i m e t r i c  model 'for p lu ton ium i n  t h e  b r o n c h i a l  port' L i o n  

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

ticles i n  t h i s  r e g i o n  and  t h e  c a r c i n o g e n i c  r e s p o n s e ,  l e a d s  t o  e s t i m a t e s  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  pu rpose  of this document t o  r ev 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  th:2 assurn2t ions  of c o n s t a x t s  

r e q u i r e d  t o  0 b t a j . n  a q u a n t i t a t i v e  e s t i m a t e .  For t h i s  p u r p o s e ,  we have focused 

on  t h o s e  p o i n t s  which w e  r e g a r d  a s  c r i t i c a l  t o  h i s  h y 9 o t h e s i s  and have not 

attempted t o  c o v e r  a l l  p o i n t s  i n  t h e  two documents.  

THE CBOICE OF A CRITICFU; TISSUE 

Gofman d e r i v e s  cl vo1w.e for t h e  " p e r t i n e n t "  portion of t h e  b r o n c h i a l  

t ree u s i n g  a n  estirnate from t h e  report of t h e  Task Grocp on Lur.9 Dynamics of  

the I n t e r n a t i o n a l  Cornxiss lon  on R a d i o l o g i c a l  ?rotcctif . .%n. The d imens ions  used 

are r e f e r r e d  t o  i n  t h e  Task Group report as: "The a n a t o m i c a l  model p roposed  by 

3 

F i n d e i s e n  was 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 q h  i t  is undoubtedly  an 

4 u n s o p h i s t i c a t e d  model." 

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

thelium) 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  a s  t o  where one e s t i m a t e s  t h e  

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

O t l i c r  estimates 0-f t h e  p e r t i n e n t  volumes by Weibel 
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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  s e g m e n t a l  b r o n c h i ,  which he e s t i m a t e s  t o  

be about one gram, is  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  b a s i s  t h a t  lung 

cancers 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 s u c h  a 

t i s sue  is a r e i i sonab ly  cormon practice 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 q h  it: 

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 fundamental a s s u n p t i o n  t h a t  t h e  o u t -  

come is  dependen t  o n l y  on t h e  amunt 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  rad- 
~ 

i a t i o n  d e l i v e r e d  to t h e  su r rounc i ing  t i s sue ,  o r  even  to o t h e r  o r g a n s ,  of no im- 

5 p o r t a n c e .  As was discussec? i n  o u r  r e v i e w  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 ,  

s p e c i f i c a t i o n  of a d o s e ,  b y  i t s e l f ,  conveys no knor.;leclge of t h e  biological 

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 - e n t a l  c a r r e l a t i o n s  

of dose a d  e f f e c t .  I n  t h e  p r e s e n t  case Gofman has po in ted .  out t h a t  t h e  

e x p e r i r n e n t z l  &.ta on e f f e c t s  ( p r i m a r i l y  from p e n e t r z t i n g  ex terna l  r a d i a t h n )  

are based  on t h e  d e l i v e r y  of r a d i a t i o n  to a l l  o f  t h e  t i s s u e s  of t h e  l u n g ,  plus 

other 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  other 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 i m p l y  do n o t  know t h a t  t he  d e l i v e r y  

of a dose t o  a selected ?art o f  a n  o r g a n  w i l l  have t h 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 .  T h e r e  a r e  reasons 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 only a F o r t i o n  w i l l  hzve  less  e f f e c t  t h a n  t h e  i r r a d i a t i c n  of t h e  f u l l  o r g a n .  

While t h i s  p o i n t  will have l i t t l e  e f fec t  on the e n s u i n g  d i s c u s s i o n ,  it is mde 

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 

dogmatic s t a t e m e n t s  a s  t o  t h e  outcome based only on Zose calculat ions.  . 

- 

- 
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RETENTION E3Y B2ONCH IAL EPITHELIUM 

I m p o r t a n t  p o i n t s  i n  Gofnan'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 ca l  t i s s u e  mass to  a s m a l l  v a l u e  and t h e  a s sumpt ion  tilait 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  r ema ins  i n  t h i s  small r e s s  of t i s s u e  f o r  a 1cr.g p e r i o d  

of t ine .  

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 c i i  i n  t h e  

b r o n c h i a l  r e g i o n ,  Gofrnan assumes t5at t h e  ICA- Task Grou? on Luncj Dynanics 

based t h e i r  report o n l y  o n  an ima l  deta and igilored t h e  srrokers i n  ?b.e popda-  

t i o n .  The fact  t h a t  t h e  Task Group c o n s i d e r e d  s?.oliing and i n d i v i e x a l s  who 

smoke as  a normal  p a r t  o f  t h e  p o p u l a t i o n  who shryuld be i n c l u d s d ,  but ~ o t  n2c- 

e s s a r i l y  x i t h  g r e a t  f a n f a r e ,  is  ind icz i t ed  by t h e  following s t a t e r n i r ? t :  "Tbe 

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 - m a l l y  resorted, is that ic i s  

3 

a combina t ion  o f  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  s r o c e s s e s ,  with l i t t l e  

r e f l e c t i o n  of 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  m p e r  a i rways .  This 

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  o f  t h e  cons t ancy  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 s ,  e . 5 - ,  tobacco s;,~ke, ~~T'lig:?? reduce 

the rate of m u c o u ~  t r a n s g o r t  by 50 p e r c e n t  f o r  s e v e r a l  hours but t h i s  would 

n o t  be m a n i f e s t  i n  t h e  measurements obtainec? b y  the u s u a l  procsZcrns." From 

this it is  clear 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 a c t i o n  i n  c l e a r a n c e  

t i ne  for smokers  a n d  d i d  n o t  c o n s i d e r  it t o  be a s i g n i f i c a n t  factor .  
- 

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

6 table f r o m  t h e  1964 report of t h e  Advisory C o m r i t t e e  to  t h e  Surgeon G e n e r a l  

which  h e  t i t l e s ,  *'Loss o f  C i l i a  and E p i t h e l i a l  C e l l  Abnormali ty ,"  and i n d i -  

cates the data to  be from Auerbach e t  a l . 7  From t h i s  table h e  c o n c l u d e s ,  " I n  

the heavy smokers ,  who w i l l  c o n t r i b u t e  m o s t  o f ' t h e  lung  c a n c e r s ,  37-5% of the  

8 0 o b b b 9  
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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 can ,  therefore, w i t h  sound r e a s o n ,  

presume t h a t  s u c h  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  will c l e a r  DUO 

very s l o w l y ,  if a t  all." 

p a r t i c l e s  2 

The 3 7 . 5 %  v a l u e  came from h i s  Table S1 for smokers 

who c o n s w e d  tore t h a n  two p a c k s  of c i g a r e t t e s  p e r  day. 

When, however,  we t u r n  t o  t h e  r e p o r t  of t h e  A d v i s o q  Comci t t ee  we f i n d  

t h e  table t i t l e d ,  " P e r c e n t  of Slides w i t h  Selected Lesions,' by Smoking S t a t u s  

and P r e s e n c e  of Lung Cancer , ' '  ( enpbs i s  a d d e d ) ,  The footnote s t a t e s ,  " I n  

soze s e c t i o n s ,  t w o  o r  more l e s i o n s  w e r e  found. I n  such i n s t a n c e s ,  a l l  of t h e  

l e s i o n s  were counted and are  included---." This, as  well a s  a s t u d y  of 

Aucrbach' s a r t i c l e 7  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 iven  apply to t h e  nuxbe r  

of s l i d e s  where s i n g l e  o r  m u l t i p l e  l e s i o n s  were found an6 not t o  the f r a c t i o n  

of t h e  t o t a l  c i l i a  missing. (A  s l i d e  c o n s i s t e d  of severzil s e c t i o n s  of t h e  

t r a c h e o - b r o n c h i a l  t ree  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  l e s i o n ,  

r e g a r d l e s s  of s i z e  on t h e  s e c t i o n  read, wculd i n d i c a t e  that t h e  e n t i r e  slide 

was c a t e g o r i z e d  as c o n t a i n i n g  a les ion  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 undzmaged c i l i a  b u t  would have been p l a c e d  i3 t h e  

c a t e g o r y  of c i l i a  missing because  of  t h e  s i n g l e  l e s i o n . )  Thus ,  t h e r e  z2pears 

t o  be no e v i d e n c e  i n  t h e  mater ia l  u s e d  by Gofnan ta support h i s  assunpt ion that 

the 37.5% v a l u z  r e p r e s e n t s  r e g i o n s  of t h i s  magnitu2e where t h e r e  i s  absent  til- 

i a r y  function. 

- 

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

would n o t  be at aj.1 c o n s e r v a t i v e ,  for  such r e g i o n s ,  to assume t h a t  t h e  half-  

time for c l e a r a n c e  is 500 days for PuOz par t ic les , "  (emphasis  added) .  Appar- 

e n t l y  this value  for  t h e  c l e a r a n c e  arose from t h e  f o l l o w i n g  r e a s o n i n g :  

1. C l e a r a n c e  i n  t h e  unc i l i a t ed  p o r t i o n  of t h e  pulnonary  t i s s u e  

8 0 0 b 1 0  is t a k e n  as 500 days by t h e  ICRP Task Group; 
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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  lesions 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  the c l e a r a n c e  

must  be similar. 

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  e v i d e n c e  a n d  find 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  lung region (pulnonary)  and t h e  b r o n c h 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 cast  s t r o n g  doub t  upon a s imi la r  r e t e n t i o n  i n  t h e  

ttdo 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 s d  p u l n o n a r y  region c o n s i s t s  of t h e  

smll r e s p i r a t o r y  b r o n c h i o l e  l ead i r , g  t o  t h e  a v e o l u s  where t h e  oxygen ex- 

change w i t h  t h e  blood OCCUTS. T h i s  i s  a "dead-end" s y s t e n  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 - i e l y  rnoving a i r  i n  and o u t  of t h e  a v e o l i  and  r e s p i r a -  

to-ry b r o n c h i o l e s  t o  t h e  b r o n c h i a l  t r ee .  C l e a r a n c e  froin t h i s  r e g i o n  is  p r i -  

m a r ' i l y  by p h a g o c y t o s i s  a n d  s o l u b i l i t y .  

, 

The b r o n c h i  which serve t h e  p u r p o s e  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 tubes r a n g i n g  from a b o u t  0.5 rxn i n  d i a m e t e r  t o  a b o u t  2 0  nrn diam- 

e t e r  i n  t h e  t r a c h e a ,  They arp l i n e d  with c i l i a t e d  eF;itiT.eliun a n 6  c e l l s  wh ich  

secrete  mucus. The mucus c i 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 phagocy tes  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  a r e  swallowed. 

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 series of small, dead-end 

sacs as conpared 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 a p  par t ic les  and move them upward and  out of 

t h e  r e s p i r a t o r y  system. Obviously,  t h e  t w o  s y s t e m s  are  c o m p l e t e l y  d i f f e r e n t  

8 O O b b l l  



-6- 

so t h a t  a s s u m p t i o n s  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 c a 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  size of t h e  2znilZed 

areas and t h e i r  b e h a v i o r  i n  respect to mucus and  p a r t i c l e  t r a n s p o r t .  The re  

are norma l ly  areas of r e d u c e d  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 S u b c o r m i t t e e  on I n h a l a t i o n  Hazards of t h e  C o r m i t t e e  on Patho-  

logic E f f e c t s  of A t o n i c  R a d i a t i o n  describe t h i s  a s  f o l l o w s  i n  t h e i r  1961 8 

report, " A s  t h e  mucous s t ream, p r o p e l l e c l  b y  t . e  c i l i ae ,  m v e s  upx&r2. 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  stasis occ:rs where t h e  

stream d i v i d e s  t o  pass a round  e n t z r i n g  b r o n c h i  a n d  a rouad  v o c a l  cor&. Smal l  

w h i r l p o c l s  of mucus have been  o b s z r v e d  a t  t h e s e  p o i z t s ,  wheri p r o l s n g e d  ex- 

posure 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 colloids could o c c u r .  hlso ,  i s l a n d s  

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

are denuded of c i l i a e  have  been o b s e r v e d ;  zucus  on t h e s e  i s  reroved nore 

slowly by t r a c t i o n . "  

t a c t  an ima l  t h e  r a t e  of t r a n s a o r t  of the mucinsus f i l n  was fc!-wc! t o  be some:;haz 

Hatch  and 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 -  

h i g h e r ,  18 mm per minu te ,  t h a n  on the e x c i s e d  t r a c h i a .  The a l t z r n a t s  i n s p i r z -  

t i o n  and e x y i r a t i o n  a f fec ted  t h e  r a t e  of t r u s p o r t  but  l i t k l e .  I t  :gas, f o c a l -  

l y ,  somewhat slower d u r i r . j  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 i n p o r t a n t  05- 

s e r v a t i o n  r e f e r r e d  t o  t h e  m n n e r  i n  which t h e  p r o j e c t i n g  spur 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 ,  is k e p t  c l e a n .  Here i t  w a s  Eoted t h a t  t h e  moving 

stream of mucin described a spiral p a t h  and swept o v e r  t h e  c a r i n a .  I t  appeared 

probable t o  Antwei ler 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 0 0 b b 1 2  
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w e r e  k e p t  f r e e  of 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  

path of ~ U C U S  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 .  He s t a t e d  

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 ,  ceases i t s  

a x i a l  progress, d i v i d e s  and flows i n  two 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  

open ing .  ' " D r .  Hatch w a s  a member of t h e  IC= Task Group on Lung Dynamics 

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

p o t e n t i a l  i n t s r r n p t i o n s  of mucus f lew.  
, 

There  are a nunher  of r e p o r t s  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  

from sinokers , non-szokers  and  i n d i v i d u a l s  w i t h  a i l x 2 n t s  s u c h  a s  b r o n c h i t i s .  
10-23 

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

c l e a r a n c e  is  t a k e n  t o  lx t h e  rapid p h a s e  (<I day). I n  gene r21 ,  t h e s e  have 

shown c l e a r a n c e  to be cielayed i n  c i g a r e t t e  smokers, 2 l though i n  s ~ m e  c a s e s  it 

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

detect  t h e  i m x e a s e d  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-q d e p o s i t i o n  and t h e  n a t u r a l  

f l u c t u a t i o n  ar?.ong i r ,G iv idua l s  i s  too g r 2 a t  to d e t e c t  t h e  Gofaan a s s u q t i o n  of 

2.7% d e p o s i t e d  i n  t h e  b r c n c h i o l a x  r e g i o n ,  

I n  s e v e r a l  of th.ese experii,ient;s, ho;;iever, t h e  c o u n t e r  use5 f o r  t h e  measure- 

ment  was c o l l i c a t e d  and  p l a c e d  t o  examine t h e  c l e a r m c e  f r o m  s p c i f i c  reg ions 

of the lung .  Thus,  S a n c h i s  e t  a 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 :  

- 
11 

. mainly c i l i a t ed ,  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 of t h e s e  r e g i o n s .  T h e i r  c u r v e s  i n d i c a t e d  a slow- 

ing 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 h r s  to 2 . 3  h r s  but 

an increase 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 22 h r s  t o  13  hrs. The d e p o s i -  

t i o n  rema in ing  a t  25 hrs w a s ,  i n  g e n e r a l ,  lower i n  smokers t h a n  i n  non-smokers. 
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Morrow, e t  d3 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  the 

c a r i n a ,  where  t h e  major b r o n c h i  from t h e  r i g h t  a n d  l e f t  lungs  n e e t .  The 

c a r i n a  is a p r o j e c t i o n  which i s  n o n - c i l i a t e d  i n  normal humans. T h e i r  neas- 

u remen t s  of this n o n - c i l i a t e d  a rea  ( p l u s  SOLO c o n t r i b u t i o n  f r o3  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  f r o m  20-37 z i n u t e s .  

A series of d i r e c t  o b s e r v a t i o n s  of  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  

2 4  were made by H i l d i n g  u s i n g  the t r a c h e a  f r o m  f r e s h l y  I c i l l e d  ~ 3 : ~ ' s .  I n  s u c h  

spec imens  t h e  c i l i a r y  a c t i o n  c o n t i n u e s  for a nunher  of hours after d e a t h  and 

mucous s t rean ing  c a n  be o b s e r v e d .  However, i t  is  n o t  known vihether miicus 

p r o d u c t i o n  c o n t i n u e s  unaba ted  a f t e r  t h e  c i r c u l a t o r y  systern i s  r e ~ o v e d .  I n  

f ac t ,  several  o b s e r v a t i o n s  by E i l d ~ n g * ~  weald i n d i c z t e  ahnorxnal rnuccs pro- 

duction undPr t h e s e  c o n d i t i o r , s  r e s u l k i r q  Fn a n c h o r i n g  of t h e  rnuco~ls blanket. 

T h i s  would, u n d o u b t i 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  t h a n  would be e q e c t e d .  

k f e c t s  i n  the c i l i a  were p roduced  n e c h a n i c a l l y  a n d  I n d i a  ink used  as  a tracer. 

Over t h e  period of s e v e r a l  h o u r s  of . t h e  e x p e r i m e n t ,  t h e  u p s t r e m  m r g i a  of t h e  

denuded area indeeci d i d  a c c u x J l a t s  i n k ,  even though  it was n o t e 3  tficlt the ink 

t e n d e d  t o  f1o.d to  one or 50th s ides  of t h e  is1a:ici. l'?hcm a E-SS of F.UCES was 

p l a c e d  upstrean of t h e  denudsd area, it  was p u l l e d  under the ~ e i n  ir'.ass of 

mucus as t h i s  w a s  p a r t l y  drasged  and p a r t l y  r o l l e d  across th i s l a n d  so t h a t  

t h e  i s l a n d  w a s  cove red .  R e p e t i t i o n  of t h e  s t u d y  w i t h  the i n k  i n d i c a t e d  t h a t  

t h e  upstream a c c u m u l a t i o n  d i d  not  seem t o  be as l a r g e  or 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 was blown through the  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 ed  i s l a n d s  were p roduced  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  
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of six spec imens  by procedures s i m i l a r  t o  those used  b e f o r e .  I n  a l l ,  only 

five i s l a n d s  marked by  sma l l  masses of t a r - c o n t a i n i n g  mucus  were foilnd a f t c 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 the de?osFtion si:d re- 

I n  g e n e r a l ,  t h e  mucus i s  viscous t e n t i o n  phenonena i n  t h e  c i l i a t e d  areas .  

and c o h e s i v e  so t h a t  t h e  novement i s  n o t  due t o  a few c i l i a  under a g i v e n  spot 

b u t ,  r a t h e r ,  i s  due t o  the conbinec? effect of  any c i l i a  over a sizable area 

moving t he  mucus as a b l a n k e t .  

ings t o  possible accumula t ion  of c i g a r e t t e  t a r s  in s u c h  an area H i l d i n g  

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 c  of h i s  f i n d -  

re- 24 

ports: “I t  is n o t  t o  be supposed t h a t  e v e r 2  tiny n o n - c i l 5 a t e d  s p o t  would 

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 no t ,  I n  nost instances, 

the mucous b l a n k e t  probably would s l i d e  over or arouzd f a i r l y  r eae i ly .  Un- 

usual local  c o n d i t i o n s  of c i l i a r y  streaming woulci probably be n e c e s s a r y .  I‘ 

I n  reviewing these e s e r i m e n t s ,  t h e  duration of t h e  r e t e n t i o n  i n  such 

areas is of cons ide rab lo ,  impor t ance .  U s u a l l y ,  t h e  phenonena ;$ere obserJ2d 

for o n l y  a f e w  hours and,  i n  t h i s  tirc.e, apparently i m p o r t a n t  clearance had 

o c c u r r e d .  The re  i s  rLo reason to  b e l i e v e  t h a t  a ccu iu ia t iozs  v i t h  half-lives 

of 500 days wocld o c c u r  ev2a i n  these limited r eg ions .  

For such  a c c l r n u l a t i o n s  t o  o c c u r  i n  t h e  sml l  t i s s u e  volume of t h e  bron- 

c h i a l  region of one gram p o s t u l a t e d  b y  Gofman, t h e  p l u t o n i u m  must e i t h e r  

. enter t he  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  

26 spot. The former alternative i s  u n l i k e l y  on two c o u n t s .  L e w i s  and Coughlin 

i nd ica t e :  “Smoking is known to i n d u c e  loss of b r o n c h i a l  cilia and. to suppress 

t h e i r  a c t i v i t y  ..._. Smoking also c a u s e s  a d e c r e a s e  i n  broncho-pulmonary sur- 

f a c t a n t  volume .. . . . T h e s e  f a c t o r s  would tend to  increase the l i k e l i h o o d  of 

d u s t  r e t e n t i o n  i n  smokers. On the 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  

8 0 0 b b 1 5  
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a n i m a l s  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  area w i t h  i n f l a n n a t o r y  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  ..... c a u s e s  an  

i n c r e a s e d  ra te  of lung d u s t  c l e a r a n c e .  Cigare t te  smoke is  a p o t e n t  tissue 

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  of t h e  b r o n c h i a l  epit!ielium w i t h  pnago- 

c y t i c  i n f l ammato ry  cells ...*. a f a c t o r  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 . ”  Second ly ,  using h i s  v a l u e s  €or 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 mechanisn of e n t r y  

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

3 100 ug/m , t h e  one  graa of b r o n c h i a l  e p i t h e l i m  would accumula t e  a t  eqcilibriuii.  

sone 39 mg of d u s t .  Thus,  t h e  c i s s u e  would c o n t a i n  &out 4 %  by %eight  of such 

dust. IR f a c t ,  s i n c e  Cafrnan p o s t u l a t e s  t h a t  o n l y  2 5 %  of t h e  b r o n c h i a l  epithe- 

liuii i n  sr?.okers and 2 %  i n  non-smokers are i n v o l v e d ,  sach a rnechariism v:ould 

lezd t o  local a c c u x u l a t i o n s  s u c h  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 a b o u t  15% i n  t h e s e  l o c a l i z e d  a reas .  O f  c o u r s c l  i n  i n d u s t r i a l i z e d  comiilun- 

i t i e s ,  t h e  a c t u a l  c o n c e n t r z t i o n  i n  t h e  a i r  may be s e v e r a l  t i n e s  t h e  100 ug/m 
3 

assurned above. T h i s ,  t \ e r e f o r e ,  s e e m  t o  be an  ~ ~ ? l i : < c l y  a l t e r n a t i v e .  If t h e  

a c c u n u l s t i o n  i s  i n  ths nuc1,1s, t h a n  soas mechan ism for  ai1oviF.g ~nilcus t o  accszu -  

c a l c u l a t i o n s  must t a k e  i n t o  accowt t h e  ene rgy  absorbed 5y t h e  mucus a d ,  t h u s ,  

cannot r e a c h  tho 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  of t h e  poss ib i l i t i e s  

a n d  consequences  of t h e  p o s t u l a t e d  a c c u 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  value of 500 days chosen  i s  u n r e a l i s t i c a l l y  high.  

One other 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  Gofrnan uses a 

value of one  gram for t h e  mass of t h e  b r o n c h i a l  e p i t h c l i u i n ,  he p o s t u l a t e s  t h c  

r e t e n t i o n  in only 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  (25% for smokers and 2 8  
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f o r  n o n - s m k e r s ) .  Thus,  t h e  dose i s  n o t  d e l i v e r e d  u r , i f o r n l y  to  t h e  e n t i r e  

b r o n c h i a l  e ? i t h e l i u m  b u t  t o  t h e s e  selected recj ions oE i n ? a i r e d  c l e a r a n c e .  

T h i s  assunes, p a r t i c u l a r l y  fo r  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 hazardDus t h a n  low?r l e v e l  i r r a d i a t i o n  cf a larcje V G ~ U Z - ? .  %is 

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 "  hy2ot'nesi.s which hzs Seen ~ x p z r L ~ ~ 2 n t a l l y  

di s c r ed i  t e  2. 
27 

The f o r e g o i n g  d i s c u s s i o n  e r g h a s i z e s  the fac t  t h a t  t h e  e n t i r ?  basis for  
, 

t he  Gofrnan model of plutonium a c c u m A a t i o n ,  r e s u l t i n g  r a d i a t i o r ,  dose and 

effects  is a s h e e r  a s s u r q t i o n .  While f i r n  d a t a  t o  refute t h e  a s s c x p t i o n s  are  

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  bet.Jien t h o  dzep  lung mct 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  neasurements a s  a re  avaFlaS12 vould i n d i c a t e  

tha t  t h e  assu i i? t ion  of ;najor a c c u m u l a t i o n  i n  E o n - c i l i a t e d  arLias and reten':Lon 

w i t h  a h a l f - l i f e  of 500 d a y s  i s  axeasonab le .  

The. Manhattan D i s t r i c t  V7orkers 

I n  Refe rence  2,  Gofmar !  corcpares h i s  assumed noZe1 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  days o f  t h e  Manhat tan 

P r o j e c t .  !*?nile 1w c o n c u r  w i t h  t h e  g e n e r a l  s t a t e rnen t  ~f C a f a a n  that t h e r e  28 

a r e  many c n c e r t s i n t i e s  a n d  t h z t  t h e  nuF3er  of  ind iv i2ca2 .s  is too  small  t o  ?ro- 

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 n e ,  w" 20 wish  to p o i n t  out s e v e r a l  f a c -  

tors i n  these s t u d i e s  which  h e  h a s  minimized  as well as o t h e r s  which appea r .un -  
- 

reasonable. 

The body b u r d e n s  reported by  Hempelmann are c r i t i c i z e d  by Gofrnan be- 

cause 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  

than t h e  e x p o n e n t i a l  n o d e l  derived b y  t h e  I C R P 3 0  to s i m p l i f y  dose c a l c u l a t i o n s .  

I n  f ac t ,  t h e r e  are severa l  r e f e r e n c e s  on compar ison  of a u t o p s y  results w i t h  u r i n e  
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r e s u l t s  which i n d i c a t e  that on the a v e r a g e ,  t h e  body burden c a l c u l a t e d  f r o n  

u r i n a r y  e x c r e t i o n  o v e r e s t i m a t e s  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 .  

An examina t ion  of t h e s e  da 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 9 t a i n e d  from 

un?ub l i shed  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  data as 

Hez2elrnarm and  t h o s e  v a l u e s  o b t a i n e d  froin i n Z i v i d u a l s  w i t h  s i g n i f i c a n t  body 

31 a 32 

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

by Henpelnann would be c o n s e r v a t i v e - a n d  would be more a p p r o p r i a t e  t h a n  those 

c a l c u l a t e 2  by Gofman f r o n  a model d e r i v e d  f o r  o t h e r  2 u r p o s e s .  I n  f a c t ,  t h e  

Heriselmann 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 s z n p l e  

o f  r i b  w a s  a v a i l a l e ,  t h e  ag reemen t  w a s  much b e t t e r  t h a n  t h e  a h v e  f a c t o r s .  

One other f a c t o r  i g n o r e d  by Gofxan i n  h i s  es t imate  i s  t h e  p r e s e n c i  cf  

p l u t o n i m  i n  t h e  lung  and  lymph nodes even a t  long times a f t e r  e,u;?osure. 

Henpelmann r e p o r t s  t h a t  1 4  of 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  de tec tab le  by the 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 of t h o s e  working i n  t h e  r e c o v e r y  o g e r a t i o n s  f o r  which G o f m n  

a s c r i b e d  a 50-day h a l f - l i f e  for ?uLrnonary burdens .  Data included by Eernpelnann 

on  one b i o p s y  samgle 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  it? t h e  lur,g t ~ c s  ahout 

12.5%. o f  t h e  r e s o r t e d  body burden estixats.1 f r o n  u r i n a r y  e x c r e t i o n .  I n  add i -  

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

P ~ c h i n ~ ~  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 rgans .  (Note. 

The u r i n e  will n o t  reflect  t h i s  res idual  l u n g  bu rden  s i n c e  t h e  u r i n a r y  excre- 

t i o n  is a measure  o n l y  of t h a t  q u a n t i t y  g o i n g  t o  t h e  bloodstream) One i n d i -  

v i d u a l  from t h i s  grou? was r e c e n t l y  k i l l e d  i n  a n  au tomobi l e  a c c i d e n t .  While 

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 -  

ca te  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  

28 

8 0 0 b b 1 8  I 
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t h e  r e s i d u a l  burden. Such a n  effect i s  n o t  i n c l u d e d  i n  the formal I C P !  l ung  

model although it  is n o t  unexpected fron o t h e r  f i n d i n ~ j s  w i t h  n o n - r z d i o a c t i v e  

materials. 

I f ,  then, w e  c o r r e c t  the Hernpelmann s y s t e m i c  Sody burdem by r e d u c i n g  by 

a f a c t o r  of 5 ,  w e  o b t a i n  a v a l u e  of about 0.5 pCi for t h e  e n t i r e  group. If 

w e  assuiine, on  t h e  bas i s  of t h e  only d a t a  a v a i l a b l e ,  that the  r e s i d u a l  amount 

i n  t h e  lung and lynph nodes  i s  represented by 0.16 t i n e s  the 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  pCi I n d i c a t i n g  a total of  0.9 VCi now i n  

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

deposit we a r r i v e  a t  4.5 K i  a s  cornparid t o  his e s t i n a t ?  of 0.89 S i .  

- 

The use of a 50-day h a l f - l i f e  in t h e  lung for  90% of t h e  de2osited plu- 

t o n i u m  i s  i n  a c c o r d  w i t h  t h e  I C P 9  mcc?el but c e r t z i i n l y  does n o t  conform t o  t h e  

o b s e r v a t i o n  n o t e a  by Hexpelnann and d i s c u s s e d  above tha2 s i g n i f i c a n t  q u a n t i t i e s  

of p lu ton ium reinain i n  the lung  a f t e r  2 7  years, However, t h e  i n f o m a t i o n  avzil- 

able on t h e  a c t u a l  e x p o s u r e  c o n d i t i o n s  i s  very meager and we will accept t h e  

Gofman e s t i m a t e  n o t i n g  o n l y  t h a t  w e  b e l i e v e  t h a t  it r e p r e s e n t s  a very  consenr- 

Gofman t h e n  uses a c o r r e c t i o n  factor of 0.22, derived f r o m  the  r a t io  

of t h e  total n u n j e r  of lung  c a n c e r  deaths i n  13C5 to those i n  1975, to r educe  

t h e  nwnSer of cases e x p e c t e d .  
- 

T h i s  f a c t o r  is a l so  uscd .elsewhere i n  h i s  paper. 

The ra t iona le  for this c o r r e c t i o n  f a c t o r  i s  n o t  g i v e n ,  but the i m p l i c a t i o n s  are  

clear. 

w e  must assume t h a t  t h e  lung c a n c e r  i n  t h e  older 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  the 20-24 year old  group 

with which 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  which 

Since 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  greater,  
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has o c c u r r e d  s i n c e  1935, t h e n ,  h a s  no i n f l u e n c e  o n  t h e  e x p e c t e d  increass .  I n  

e s s e n c e ,  i f  we a c c e p t  Gofman's e s t i m a t n  of a 2 9  i n c r e a s e  pcr  ren o v e r  t h e  

spon taneous"  r a t e ,  t h e n  by 19758 t h e  u s e  of t h i s  c o r r e c t i c n  f z c t o r  t iould in- 1s 

ply a n  i n c r e a s e  of 0.22 x 2 = 0.44% b a s e d  u y r i  t h e  1375 "spontaneazs" r a k 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 .  

T h i s  c o r r e c t i o n  n o t  o n l y  a 2 p e a r s  t o  i g n o r e  m u l t i ? l e  i n s i l l t  t h e o r i e s  of 

x i n c e r  f o r m a t i o n  S u t  a l so  seems t o  - c o n t r a d i c t  G c f x n '  s o:m t h e s i s  iq!?ich he 

34 r e s e n t e d  i n  1972 as: " S i n c e  spontaneous age speciEic c a n c e r  n o r t a l i k y  r a t e s  

Qhange w i t h  age ( r i s i n g  s t e e p l y  w i t h  a g e  beyond. 2 3  y e a r s ) ,  t h e  z s s u z g 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  for r a d i a t i o n - i n d u c e d  excess ovsr t h e  ...:hole p la-  
. . .  ._ . 

t e a u  i m p l i e s  t h a t  t h e  absolute i n c r n z s e  i n  a g e - s s 2 c i f F c  m a r t a l i t y  ra te  incluce? 

by r a d i a t i o n  also chmges  with age. 

50% 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  deaths p e r  10  6 p e r s m s  

per y e a r  where t h e  s p o n t a n s o u s  m o r t a l i t y  r a t e  i s  2000 deaths per 10 

Thus, i f  the ~ l a t e a u  rec,-FDn r e ? r e s r n t s  a 

6 p r s o n s  

per y e a r .  

per 10  p e r s o n s  F e r  y e a r ,  the a b s o l u t e  i n c r e n e n t  2122 t o  r a d i a t i m  would be 

2000 d e a t h s  p e r  10 p e r s o n s  p e r  y e a r .  Thus  a c o n s t a n t  perc?r. tzg-? i n c r e z e n t  in 

A t  a l a t e r  age, w i t h  a s p o n t a n e o u s  m o r t a l i t y  r a t e  of 4000 2 e h t h s  

6 

6 

t h e  p l a t e a u  r e s p c n s e  regLon i m p l i e s  t h a t  absolute r s d i a t i o n - i n Z x 2 d  acje-s;acific 

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 ages." 

the use of the t o t a l  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  i g ~ o r e s  t h e  

I n  a d d i t i o n ,  
- 

fact  t h a t  t h e r e  w e r e  only 50-758 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 as compared t o  1975. On t h s s e  bases, w e  be- 

lieve t h a t  t h e  f a c t o r  of 0.22 for e x p o s u r e  i n  1 3 4 5  is unwarranted.  

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

expected by 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 a p p l y i n g  a c o r r e c t i o n  
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f a c t o r  d e r i v e d  from d a t a  o n  page 138 of t h e  Surgeon G e n e r a l ' s  r e p o r t . 6  

p a g e  c o n t a i n s  a q r a p h  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 e n c e  i n  c o h o r t  

This 

groups 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  ra tes  i n  t h e  y e a r s  to  1961. I t  i s  n o t  clear how Gofman used  this 

graph of i n c i d e n c e  f o r  i n d i v i d u a l s  bo rn  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  of numSer of cases for i n d i v i d u a l s  bo rn  i n  1920-25. Sev- 

eral  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 d r a w  by t k z  Advisory Coxnittee 

as a consequence  of t h e s e  c u r v e s .  These  were: "(a) >Tithin each cohor t ,  lung 

c a n c e r  mortal i ty  i n c r e a s e s  unabated to t h e  end  of the life s p a ;  and (5) suc-  

c e s s i v e l y  younger  cohorts of m a l e s  a r e  at h i g h e r  r i s k s  throucjhout  l i f e  t h a n  

t h e i r  prefiecessors." To i l l u s t r a t e  the l a t t e r  p o i n t ,  t h e  C U Z V ~ S  show that 

t h e  inci22nce a t  aqes 40 and 50 was a b u t  5 times that for mzlss  born Ln 

1300 as conFared t o  those b o r n  i n  1880. The i n f l u e n c e  of t h i s  on t h e  p e r c e n t -  

a g e s  f o r  each a5e group estimated by Gofman i s  n o t  known. Ibwevez, i t  is 

possible t h a t  u n l e s s  h e  used m o r e  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 ,  his es t ina t e s  

could be lox. 

Even wi th  t h e  a 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 ,  we have 

shown t h a t  if one u s e s  t h e  e x p e r i 3 e n t a l  evidence a v a i l a j l e ,  Gofnan's e s t i x t n s  

of amount initally deposited s h o u l d  be i n c r e a s e d  Sy a factor of 4.5/0.89 = 5 

and d i s a l l o v i n g  h i s  reduction by a f a c t o r  of 0.22 for e x p o s u r e  i n  1945 leads 

t o  another factor of 1/0.22 = 4.5 fo r  a t o t a l  i n c r e a s e  i n  h i s  estimates of 2 2 . 5 .  

Thus, i n s t e a d  of e x p e c t i n g  0.2 cases of lung cancer, on h i s  hypothesis w e  would 

c o n s e r v a t i v e l y  expect 4.5  cases. The p r o b a b i l i t y  of s e e i n g  no  cases c%-ould be 

a b o u t  1%. A s  Gofnan i n d i c a t e d ,  t h e  expected r a t e  unds r  h i s  hypothesis will 

rise r a p i d l y  a s  these men age. I t  has been 2-1/2 y e a r s  s i n c e  t h e  Henpelmann 

- 
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s t u d y  was r e p o r t e d  and no cases have  deve loped  i n  t h e  i n t e r i m ,  t h e r e b y ,  de- 

creasing t h e  p r o b a b i l i t y  o f  h i s  h y p o t h e s i s  even f u r E h e r .  

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

In report 1, Gofnan p r e s e n t s  a number for 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  ”BE12 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 3  a s i n g l n  s e n t e n c e  

from t h e  BEIR X e p ~ r t ~ ~  i n  t h e  s e c t i o n  on l u n g  c a n c e r s  which s- tes ,  “I t  is 

p o s s i b l e ,  t h e r e f o r e ,  t h 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  risk w i l l  

r e a c h  0.5% or S.igher.” From t h i s ,  h e  c o n c l u d e s  L l a t  the B E I R  Comrittee s h ~ u l c ?  

~ 

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  t h e n .  

I n  f ac t ,  t h e  S Z I X  C o n n i t t e e  a f t e r  a d i l t a i l e d  r ev iew of t h e  Gofman hypo- 

have t h e  same dollblizg d o s e )  were, a t  l e a s t ,  q u e s t i o n & l e  azd that t h e  e v i d e n c e  

t o  d i s t i n g u i s h  Szt-..ieen t h e  a b s o l u t e  risli method and t h e  r e l a t i v e  r i s k  n e t h o d  

did n o t  c l e a r l y  s u p 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 both 

bases b u t  fox :h2 c a l c u l a t i o n s  of all c a n c e r s  o t h e r  t h a n  l e ~ e r i a  by t h e  

r e l a t i v e  r i s k  nethod used a v a l E e  or ,e- tenth of t h a t  of Gofnsn or 0.2 p e r  r e m .  

C e r t a i n l y  tht C o x x i t t e e  x z z  aware of t h e  0 . 5 %  siateaect  b u t ,  on b a l a n c e ,  

t h e y  chose  t o  ilse t h e  l o w e r  v a l u e .  Thus,  the a t t r i S u ~ i n c j  of Cdfxan’s ’nigher 

r i s k  estimate to  the  S E I 2  Comi t t ee  i s  difficult t o  j u s t i f y .  F u r t h e r ,  tile ~ Y P .  

Committee d i d  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  estimate.  While Gofman may fee 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  relative r i s k  method ( r e f e r e n c e  1, p a g e  41, it 

is a p p a r e n t  t h a t  tne i n d i v i d u a l s  on t h e  BEIR Connittee d i d  n o t  a g r e e  w i t h  hin. 

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 by t h e  BEIR C o m i i t t c e  s h o u l d  be 

- 
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g ivnn  if t h e  B E I R  estimate i s  t o  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  forward by Gofman. 

T h i s  b r i e f  coxnen t  i s  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  d a c u n e n t s .  

The unwary r e a d e r  can b e  l e d  t=, b e l i e v e  t h a t  t h e  h y s o t h e s i s  fo rau la t ed  by 

Gofnan and t h e  assumed v a l u o s  f o r  the q u z n t i t a t i v e  p a r a ! ? e t i r s  are i n  closer 

agreement  with o t h e r  es t imates  t h a n  t h e y  a c t u a l l y  a r e .  

, 

CGNCLUS IONS 

Gofman h a s  pro2uced  z. h y g o t h e t i c a l  model h s e d  l a r g e i y  on a s s m 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 z d i a t i o n .  %ese e a r l i e r  ? r e d i c t i o n s  have no t  bzez a c c e p t e d  ir the s c i e n -  

t i f i c  co~-v-- -  , i l w , L c - , .  7 J - r r  As a r c su l t  of t h e  p r e d i c t i o n s  cf t h z s  .-ode1 he c a l l s  f o r  a 

" . . ,wor ldwide  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 l u -  

tonium h a n d l i n g  o r  r e c y c l i n g . "  H e  rejects conpletzly t h e  n o d e l s  and knowlzdSc 

of those i n d i v i d u a l s  who havs studied s u c h  problems i n d i c a t i n g  t h e i r  " . . . fa i l -  

u r e s  t o  cone t o  S r i T s  w i t h  t h z  real-life problem of bronchopu1r:onary r e t s r . t i o n  

Gafrnan require  t h e  a r k i t r a r y  acczptarrce of t o o  many RiineTiczl p a r a m e t e r s  

and u n c o n f i r n a d  n e c h a n i s n s  to  be acceptable a s  even  an a p p r o x i n a t e  nuner ica l  

estimate of p o t e n t i a l  l u n q  c a r c i n o g c n e s i s  b y  plutonium. The re  i s ,  i n d e e d ,  a 

p a u c i t y  of d i r ec t  measu reoen t s  of clearance rates for i n t t 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  but c u r r e n t  i n f o r m a t i o n  would ind ica te  t h a t  t h e  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 Cbfman. We would recormend that measure- 

. m e n t s  c o n t i n u e  w i t h  nore emshas i s  on t h e  a b s o l u t e  bronchial retention, and t h a t  
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u n t i l  such e v i d e n c e  is  a v a i l a b l e ,  the  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 ? 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  certain p h a s e s  of c u r r e n t  studies. However, we cannot con- 

cur t:ith his often stated p o s i t i o n  t h a t  speculation, no matter h o w  poorly 

founded,  i s  a p r o p e r  basis for 2ublic h e a l t h  decis ions.  

, 



-19- 

1. 

2. 

3 .  

4.  

5. 

6. 

7. 

8. 

. 9. 

10. 

J. W. Gofman, "The Cance r  l i azard  from I n h a l e d  P l u t o n i w . "  C o m i t t e c  for 
Nuclear R e s p o n s i b i l i t y  CNR Report 1375-1 ( N a y  14, 1 9 7 5 ) .  

J. W. G o f m n ,  "Estimated Droduccion of I iumn Lung Cancers  by P l u t o n i c n  
from VJorldwide F a l l o u t , "  C o r n i t t e e  f o r  Nuc lea r  R e s ; o n s i . b i l i t y  C::? Xeport 
1975-2 ( J u l y  10, 1 9 7 5 ) .  

I n t e r n a t i o n a l  Cormiss ion  on R a d i o l o g i c a l  F r o t e c t i o n  Tzsk Group on Lung 
Dynamics, " D i p o s i t i o n  and 3 e t e n t i o n  i.:oZels f o r  I n t e r n - l  WsFr rs t r y  of t:?e 
Human Resgiratory Trac t , "  I ieaJth Physics, 1 2  , 173-237 (1965). - 

E. R. Weibel, :.!DrphonetF] of  t h e  Eilazn Lurg, (Spr inger -Ver lag ,  B e r l i n ,  
1963) .  

J. W. Healy ,  C .  R. Richnoncl, and  E. C. Anderson ,  "r. Review of  t5e N a t u r z l  
Resources  wfense C o u r x i l  P e t i t i o n  Conce rn iz2  Lirnies for Ir,sol.&le A l ~ h a  
Emittcrs, Los Alazos S c i e n t i f i c  L a b o r a t o r y  R e g o r t  7A-5 E;lO-:,!S (:IcveTCxr 
1974 ) . 
Advisory  Cormi t t ee  t o  t h e  Surgeon Secsral  of t!:e ii. S.  P c b l i c  Fea lkh  
S e r v i c e ,  "Smoking and i!ealth, I '  F l d l i c  F e a i t h  S c r v i c s  3u l l e t i i . .  210. llC3 
(19641, S u p e r i n t e n d e n t  of DOcurnents, U.S. Governme:.: P r i n t i n g  Office, 

Washing tor! , D. C. 

0. Aucrbzch, A. P. Stout, E. C. I I a n n o n 6 ,  and  L. G a r f i z k o l ,  "Chanqes ir? 
B r o n c h i a l  E p i  t h e l i , m  i n  R e l a t i o n  t o  C i s s re t t e  Sr.o!king ar,.' i n  R.Zlati.3n t o  
Lung Cance r , "  ?he Ne:q England J o u r .  of  !-Iedicine,  265, 253-267 (Au5ust  - 
10, 1961). 

T. F. Hatch  artd P. Gross, ?uln-..or.ary C i p o s i t i o n  and R e c a n t i o n  of Ir .halcd 
Aerosols, (Academic P r e s s ,  New York, 1961). 

P. Camer and K. P h i l i p s o n ,  " I n t r a - I n d i v i d u a l  Studies of Tracheobronch ia l  
Clearance i n  Han Using F luo roca rbon  R e s i n  P a r t i c l e s  Tagged w i t h  l8F and 
99mT~," i n  I n h a l e d  ? a r t i c l e s  111, tJ- H. Walton,  E d . ,  Proc. of a n  I n t c r -  
n a t i o n a l  Sym?osiun Organized by t h e  B r i t i s h  O c c u p a t i o n a l  Hygiene S o c i e t y ,  
London, September  14-23, 1970, Unwin aros. L t d ,  The Grcshan  P r e s s ,  Old 
Woking, S u r r e y ,  England,  Vol. I ,  pp. 157-163. 



-20- 

11. J. S a n c h i s ,  f l .  Do lov ich ,  R .  Chalmers ,  and M. T. Flewhouse, "Reg iona l  
D i s t r i S u t i o n  and C l e a r a n c e  t k c h a n i s n s  i n  Smokers a n d  Non-Smokers , " in 
I n h a l e d  P a r t i c l e s  111, 91. I I .  Walton ,  E d . ,  P r o c .  o f  a n  f n t c r n a t i o n z l  Sym- 
posiun Organ ized  by t h e  B r i t i s h  O c c u s z t i o n a l  i i y q i n n e  S o c i e t y ,  LonZon , 
Septerber 14-23 ,  1370,  Unwin Bros. L t d ,  T h e  Gresharn ?ress, O l d  Vioking, 
S u r r e y ,  England ,  vol.  I ,  pp. 183-191. 

12. I!. Lippman, R. E .  Alber t ,  and  H. T. P e t e r s o n ,  Jr . ,  "The P.egiona1 Cspo- 
s i t i o n  of  I n h a l s d  ~ e r o s o l s  i n  !,!an," i n  I n h a l e d  2 c r t i c l e s  III, ??. E.  tlaItor,, 
Ed. ,  Proc. of an I n t e r n a t i o n a l  Syrposiu!! Orqar , iz-d by the  a r i t i s h  Occu- 
p a t i o n a l  Hygiene S o c i e t y ,  b n d o n ,  Sepkembar 1 4 - 2 3 ,  1370, Unviin Bros. L t d ,  
The Gresham Press ,  O l d  k!oking, S u r r e y ,  Eng land ,  V a l .  I ,  p?. 105-122. 

13. 14. Lippman ar.5 S. E. A l b e r t ,  "The E f f e c t  of P a r t i c l e  S i z e  on t h e  Reg iona l  
D e p o s i t i o n  of I n h a l e d  Aerosols i n  the 3urnan Zespiracory Tract," Aq. Ind.  
Hyg. Assoc, J o u r .  30, pp. 257-275 (Hay-June 196.3). 

I 

1 4 .  R. E. Alber t ,  Lip,man, a n d  W. Briscoe,  "The C k i r a c t e r i s t i c s  of Bron- 
c h i a l  C l e a r a n c e  i n  Humans a n 2  t h e  E f f e c t s  of C i q a r c t t e  Sncking ,  I' Arch. 
E n v i r .  H e a l t h ,  - 18, 738-755 (2,iay 1969) .  

15. P. C a - m e r ,  K. P h i l i p s o n ,  L. F r i b e r T ,  5 .  E o l r r e ,  3.  L a r s o n ,  and 2. Sved'cerg, 
"Human Trac: :?ohronchial  C l e a r a n c e  St-.iciies wi t :?  Pluorocarbcn % s i n  Par- 
t i c l e s  Taggcc! w i t h  18F',1' Arch. E n v i r .  I i n a l t h ,  - 2 2 ,  444-449  (April 1 9 7 1 ) .  

16. P.C. Luchs ingc r ,  B. LaGardc, and  J. E.  K i l f e a t h s r ,  " P a r t i c l e  C l e a r a n c e  
f r o m  t h e  IIuiian T r a c h e o b r o n c h i a l  T ree , "  Zev. of Resp. Disease, 37, 
1046-105a (1968). 

17. R. E. Albert, M. Lippman, J. Spiege lman,  C. S t r e h l o w ,  W .  Briscoe, ?. 
Molfson ,  and  ?J.  Ne l son ,  "The  C l e a r a n c e  of Ra2Foact ive  P a r t i c l e s  f r o m  the 
Hurnan Lung," i n  I n h a l e d  P a r t i c l s ;  arc! L'a-ours, II, C. >J .  Dav ie s ,  Ed. , 
Proc. of a n  I n t e r n s t i o n 2 1  SyT.scsiu:, C < - n h r i "  qe, %r,gLind,  Ss?t3&er 28- 
October 1, 1965, Perganon P r e s s ,  1'367. 

18. R. E. Alber t ,  I,!. L i p p a n ,  and  H. T. P e t e r s c z ,  Jr., "The Effects of 
C i g a r e t t e  Smoking on t h e  K i n s t i c s  of  Bronch i31  C l e a r a n c e  i n  Y u w l ? s  a n 2  
Donkeys," i n  I z h a l e d  P a r t i c l e s  III, N. I i .  Lqalton. Ed., ?roc.  of a n  I n t e r -  1 
n a t i o n a l  Sym?asium 0rc;anized by t h e  B c i t i s h  O c c x p a t i o n a l  Hy5Fene S o c i s t y ,  
London, S e p t e n b e r  14-23,  1970, Unwin B r o s .  L t d ,  The Gresham Press, O l d  
.Waking, S u r r e y ,  England ,  V o l .  I ,  pp. 1G5-180. 

19. R. Frances, D. A l l e s a n d r o ,  M. Lipprnnn, D. E, Proctor, and R. E. Albert, 
" E f f e c t  of C i g a r e t t e  Smoke on  P a r t i c l e  T r a n s p o r t  on Nasoci l iary Mucosa 
of Donkeys," Arch. E n v i r ,  H e a l t h ,  - 21,  25-31 ( J u l y  1970) .  

9 0 0 b b O b  



-21- 

20. R. E. Albert, D. Alessandro ,  M. Lippmsn, and  J. B e r g c r ,  "Long-Term 
Smoking i n  the D o n k e y ,  E f f e c t  on T r a c h e o b r o n c h i a l  P a r t i c l e  C l e a r a n c e , "  
Arch. E n v i r .  ? : ca l th ,  22, 12-19 ( J a n u a r y  1971). 

< 

21. B. Holna, "The? A c c t e  E f f e c t  of C i 2 ; a r e t t e  Smoke o n  the I n i t i a l  Course 
of Lung C l e a r a n c e  i n  Rabjits," A r c h .  E n . ~ i r .  H e a l t h ,  g, 171-173 (Febru- 
ary 1969). 

2 3 .  P. E. b!orrow, F. R, G i b b ,  a n d k .  5:.  G a z i o q l u ,  "I: Study of P2rticXlate 
C l e a r a n c e  from t:?e HL-I~;: Lmg," Aiier. Re7J. R e s ? .  D i s . ,  96, 1239-1221 
(1967).  

24. A.  C. H i l d i n g ,  "On C i g a r e t t e  Srnokinq, B r o n c h i a l  Carc inoma  and C i l i a ?  
A c t i o n ,  111. Accunu la t ion  or' C iga re t t e  T a r  Upon ; . r t i f i c i a l l y  Produced 
Deciliated IslmSs i n  t h e  R e s p i r a t o r y  E p i t h a l i L 3 , "  Arm. Otol. %in. and 
Laryng.  I 65,  116-130 (1956). 

25.  A .  C. H i l d i n S ,  " O n  C i g a r e t t e  Snoking, Broiichial  CarzFnoma an? C i l i a r y  
Ac t ion  IV. C l l i a - r y  Streaming Throu5h the L a r y n x  and D i s t r i k u t i o n  of 
La ryngea l  E p i t h e l i m , "  Tina. O t o l .  P h i n .  a n d  Laryng. g, 736-746 (i356!. 

26.. G. P. Lewis and I,. C o c g h l i n ,  "Lung Soo t  Accunu ia t ion  i i l  lilan," Atm. EnVir.  
- 7, 1249-1255 (1373) .  

27. E. C, Anderson,  S.  G .  C a r p e n t e r ,  G. A ,  Drake,  L. X.  H o l l a n d ,  J. E. Lordon, 
J. D. P e r r i n g s ,  J. R. P r i n e ,  D.  M. S m i t h ,  J. S .  Wilson ,  and R. H. Wood, 
" E f f e c t s  of I n t 3 m a l  2zdistFon on L i v i n g  OrcJanisrns (Pat P a r t i c l e  Drogrz?) , I' 
i n  Annual Repcrz of t h e  Zicmcdical an6 E n v i r o x z n n t a l  ?.=search Iroqram of  
t h e  LASL t i e a l t h  DivisicF., ccn i i l ed  b y  E. c. b & r s c n  znci; Z .  ;-?. S u l l i v a ? . ,  
pp. 2-11, 50s ;ilanos Scientific L a b c r a t o r y  ?e;-ort  m-5853-'3,? ['e'srilary 
1975 ). . 

28. L. 11. Wernpelmnn, 1-7. €1. Langham, C .  R. !Uchmond, and G. L. Voelz, 
"1.1anhattan Project Plutonium h'orkors: A Twenty-Seven Year Follow-Up 
Study of Selected Cases," H e a l t h  Phys.  25, 461-473 (1973). 

- 

29. W. H. Langham, S. H. Bassett, P.  S. Har r i s ,  and  R. E. C a r t e r ,  " D i s t r i -  
b u t i o n  and E x c r e t i o n  of P l u t o n i u m  Admin i s t e red  I n t r a v e n o u s l y  to :.Ian, Io 

Los A l a m o s  S c i e n t i f i c  L a b o r a t o r y  Rzpor t  LA-1151 (September 2 0 ,  1950). 

30. I n t e r n a t i o n a l  C o m n i s s i o n  o n  Radiological P r o t e c t i o n ,  "The I!etabolism of 
Compounds of P lu tonium a n d  O t h e r  A c t i n i d e s , "  ICR-D Publication 19,  P e r -  
gamon P r e s s ,  oxford ( 1 3 7 2 ) .  



-22- 

31, C. R, Lagerquist, S .  E. 
t r i b u t i o n  of P lu ton ium 

D .  B. Hyl ton,  " D i s -  
y Exposed Hcxins 

as Found from Autopsy Samples," Health Phys.  25, 581-554 (Dcccmber 1373) .  

Sarnond,  D. L. Bokowski, and 
n d  i n e r i c i u m  i n  O c c u F a t i o n a l  

3 2 .  N. D. Norwood and C.  E .  iqewton, " U . S .  T r a n s u r a n i m  R i g i s t r y  S t u d y  of 
T h i r t y  Aut0gSi2sf" H e a l t h  Phys .  28, 669-675 (Jane 1975). - 

33. E. E. P o c h i n ,  "The i43ss of t h e  T r a c h e o b r o n c h i a l  Lyrn2h Glands," Eeat l th 
Phys. 12, 553-561 (1966). 

34.  J. W. Gofman and A. R. T a n p l i n ,  "Epidemiolocjic S t u d i z s  o f  C a r e i n o q e n e s i s  
by 1oniz i r .g  Riadiiaiion, 'I i n  P r o c e e d i n a s  of tk5 Sixth B ~ z > E ~ ? : J  Syr? . ?3s im 
on &iathenat ica l  S t a t i s t i c s  a n d P r o S a b i l i k y ,  U. C. T r e s s ,  Serl:alej., Cali- 
f o r n i a  (1972). 

35.  Advisory Corrrzitcee on t h e  B i o l o g i c a l  Effects of  i o n i z i n c  2 a d i a t i o r ; s  , 
D i v i s i o n  of ;.!edical Scisr,CeS , "The E f f e c t s  on P o p u l a t i c n s  of E::~OS~:L-P to 
L o w  Levels of i o n i z i n g  Xad ia t ion  , I' ? . Ia t iona l  ;icackx;ly of S c i e ? z e ~ ,  ?:a- 
t i o n a l  R e s e a r c h  Counci l ,  I j a sh ing ton ,  0.  C. 2C005  (biGverr.ber 1 9 7 2 )  . 

8 0 0 b b C 8  


