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FOREWORD 

Th is  r e p o r t  was prepared as p a r t  o f  a response by t h e  D i v i s i o n  of 

Biomedical  and Envi  ronmental Research, Energy Research and Devel opment 

A d m i n i s t r a t i o n ,  t o  an i n q u i r y  from the  U. S. Congress J o i n t  Commi t t e e  

on Atomic Energy (JCAE) f o r  a thorough s c i e n t i f i c  rev iew o f  two papers 

by D r .  J .  W. Gofman. Gofman's a r t i c l e s  were w r i t t e n  f o r  t h e  Committee 

f o r  Nuc lear  R e s p o n s i b i l i t y ,  Dub l in ,  CAY and have been en te red  i n t o  t h e  

Congressional Record i n  sumnary form ( J u l y  31, 1975). Th i s  r e p o r t  and 

f o u r  o t h e r s  by s t a f f  members o f  ERDA l a b o r a t o r i e s  have been p r o v i d e d  

t o  t h e  JCAE f o r  use i n  t h e i r  c o n s i d e r a t i o n  o f  Gofman's a l l e g a t i o n s  

concern ing t h e  p o t e n t i a l  h e a l t h  e f f e c t s  o f  i n h a l e d  p l  utoniuni. 
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REVIEW OF REPORTS BY J.  W. GOFMAN ON INHALED PLUTONIUM 

W. J .  B a i r  

INTRODUCTION 

Two r e c e n t  wide1 v c i r c u l a t e d  r e p o r t s  on t h e  s u b j e c t  o f  i n h a l e d  p l u t o -  " - 

nium have provoked concern among t h e  p r e s s ( 1 )  and i n  Congress. ( 2 )  These 

r e p o r t s ,  The Cancer Hazard f rom I n h a l e d  Pluton ium,  CNR Repor t  1975-1R, 

May 14, 1975, and Es t imated  Produc t ion  o f  Human Lung Cancers by P lu ton ium 

f rom Worldwide Fa1 l o u t ,  CNR Repor t  1975-2, J u l y  10, 1975, were w r i t t e n  by 

John W .  Gofman and i ssued  by t h e  Coir~mittee f o r  IVuclear Respons- ibi l  i t y ,  

P.O. Box 2329, Dub l i n ,  C a l i f o r n i a  94566. 

Gofman's r e p o r t s  do n o t  p resen t  an o b j e c t i v e  a n a l y s i s  o f  t h e  hazard 

o f  i n h a l e d  p lu ton ium;  h i s  arguments, i n  f a c t ,  c o n t r a d i c t  many conc lus ions  

drawn i n  t h e  s c i e n t i f i c  l i t e r a t u r e  and suppor ted by exper imenta l  da ta .  

Because t h e  r e p o r t s  a r e  s k i 1  1 f u l l y  w r i t t e n ,  however, t h e y  c o u l d  e a s i l y  

m i s l ead  readers  who a re  n o t  w e l l  versed i n  t h i s  area.  The purpose of t h i s  

rev iew,  t h e r e f o r e ,  i s  t o  exam-ine Gofman's r e p o r t s  i n  t h e  l i g h t  o f  r e c e n t  

research  s t u d i e s  and t o  i d e n t i f y  e r r o r s  o f  f a c t  and l o g i c  i n  h i s  arguments. 

BASES OF GOFMAN'S ARGUMENTS 

I n  t h e  f i r s t  r e p o r t ,  "The Cancer Hazard f rom I n h a l e d  Plutonium," 

Gofman develops a " l ung  cancer  dose" concept  f o r  i n h a l e d  p lu ton ium.  He 

c l a ims  t h a t  t h e  p o t e n t i a l  f o r  l u n g  cancer  f rom i n h a l e d  p l u ton ium has been 

g r o s s l y  underes t imated  because u n r e a l i s t i c  models have been used f o r  c l e a r -  

ance o f  p l u ton ium f rom t h e  r e s p i r a t o r y  t r a c t  and because t h e  b ronch i  have 

n o t  been recogn ized  as t h e  s i t e  o f  most human l u n g  cancers;  t h a t  t h e  l u n g  

cancer  hazard f rom p lu ton ium i s  much h i g h e r  i n  c i g a r e t t e  smokers than i n  

nonsmokers; and t h a t  i n h a l e d  i n s o l  ub l  e a1 pha-emi t t i n g  p a r t i c l e s  r e p r e s e n t  

a hazard f i v e  o r d e r s  o f  magnitude g r e a t e r  t han  e q u i v a l e n t  we igh ts  o f  chemi- 

c a l  carc inogens.  Gofman conc ludes t h a t  because of t h i s  l u n g  cancer  poten-  

t i a l ,  people th roughout  t h e  w o r l d  shou ld  r e j e c t  t h e  p roduc t i on  o f  n u c l e a r  

f i s s i o n  energy which i n v o l v e s  p lu ton ium.  



I n  t h e  second r e p o r t ,  "Es t imated  P roduc t i on  o f  Human Lung Cancers by 

P l  u t o n i u ~ i i  from Worldwide Fa1 l o u t , "  Gofman uses t h e  va l  ues f o r  "1 ung cancer  

doses" developed i n  t h e  f i r s t  paper  t o  e s t i m a t e  t h a t  p l u t o n i u m  f a l l o u t  has 

commit ted 1  m i l l i o n  persons* wor ldw ide  t o  p lu ton ium- induced  l u n g  cancer  

and t h a t  t h e  c u r r e n t  annual dea th  r a t e  i n  t h e  No r the rn  Hemisphere due t o  

p lu ton ium- induced  l u n g  cancer  i s  10,000. P r o j e c t i n g  t hese  e s t i m a t e s  t o  a  

deve lop ing  n u c l e a r  power i n d u s t r y ,  he p r e d i c t s  t h a t  i f  o n l y  0.01% o f  t h e  

p l u ton ium used i n  power p r o d u c t i o n  e n t e r s  t h e  environment,  t h e r e  w i l l  be 

500,000 a d d i t i o n a l  deaths f rom p lu ton ium- induced  l u n g  cancer  each year ,  

an i n c r e a s e  o f  25% i n  t h e  annual 1  ung cancer  dea th  r a t e .  

Gofman's case i s  b u i l t  p r i m a r i l y  upon t h r e e  premises, none o f  which 

i s  founded on exper imenta l  ev idence:  

1 )  t h e  r i s k - p e r - u n i t - d o s e  concept,  which assumes l i n e a r i t y  o f  

response o v e r  an ex t r eme l y  wide range ex tend ing  t o  v e r y  l ow  

doses ; 

2 )  t h e  concep t  t h a t  a l pha  i r r a d i a t i o n  f rom i n h a l e d  p l u t o n i u m  w i l l  

i n c r e a s e  t h e  i n c i d e n c e  o f  l u n g  cancer  by  t h e  same p r o p o r t i o n  

t h a t  cancers  o f  o t h e r  t i s s u e s  a r e  inc reased  by a  v a r i e t y  o f  

r a d i a t i o n  exposures; and 

3 )  t h a t  smokers as a  group a r e  a t  e x c e p t i o n a l l y  h i g h  r i s k  f r om  

i n h a l e d  p l  u ton ium because o f  l ong- te rm r e t e n t i o n  o f  p l u t o n i u m  

p a r t i c l e s  i n  t h e  t r acheob ronch ia l  r e g i o n  o f  t h e  l ungs .  

The R i  sk-Per-Uni t-Dose Concept 

I n  e s t a b l i s h i n g  h i s  r i s k - p e r - u n i t - d o s e  concept,  Gofman makes use o f  

h i s  e a r l i e r  c o n c l u s i o n ( 3 )  t h a t ,  a f t e r  a l a t e n t  p e r i o d  o f  10-15 years ,  

r a d i a t i o n - i n d u c e d  l u n g  cancer  i nc reases  b y  2%/rem each y e a r  i n  an i r r a -  

d i a t e d  p o p u l a t i o n  o v e r  t h e  spontaneous l u n g  cancer  dea th  r a t e .  T h i s  con- 

f l i c t s  w i t h  t h e  es t ima tes  made by t h e  N a t i o n a l  Academy o f  Sciences 

Committee on B i o l o g i c a l  E f f e c t s  o f  I o n i z i n g  R a d i a t i o n  (BEIR); a f t e r  

* 116,000 persons i n  t h e  USA. 



c a r e f u l  c o n s i d e r a t i o n  o f  t h e  a v a i l a b l e  da ta  and t h e  l i t e r a t u r e ,  t h e  BEIR 

Committee conc luded t h e  inc rease  would be O.Z%/rem, (4,p '171) w i t h  an aver -  

age o f  0.29% f o r  b ronch ia l  cancer .  (4'p.150) Gofman's f i g u r e ,  which i s  

10 t imes  h ighe r ,  i s  a  m a t t e r  o f  o p i n i o n  o n l y ,  unsuppor ted by da ta .  

Gofman compares h i s  2% f i g u r e  w i t h  a  va lue  o f  0.5% i nc rease  p e r  rem, 

which he a t t r i b u t e s  t o  t h e  BEIR r e p o r t .  I n  f a c t ,  t h i s  va lue  was g i v e n  by 

t h e  BEIR Committee as a  t e n t a t i v e  p r e d i c t i o n  o f  an upper l i m i t  - if enough 

more cancer deaths occu r  i n  t h e  s tudy  popu la t i ons ;  i t  i s  n o t  what c u r r e n t  

da ta  suppor t .  Gofman d e r i v e d  h i s  es t ima te  o f  r i  sk-per-un i  t -dose f rom 

v a r i o u s  pub l i shed  ep idem io log i ca l  da ta ,  conc lud ing  t h a t  if a  c e r t a i n  amount 

o f  r a d i a t i o n  i s  r e l eased  i n t o  t h e  environment a  c e r t a i n  number o f  l u n g  can- 

c e r s  w i l l  be produced--regardless o f  t h e  t y p e  o f  r a d i a t i o n ,  how t h e  r a d i a -  

t i o n  i s  d i s t r i b u t e d  o v e r  t h e  popu la t i on ,  o r  how i t  i s  d e l i v e r e d  t o  

i n d i v i d u a l s  w i t h i n  t h e  p o p u l a t i o n .  The r e p o r t  o f  t h e  Un i t ed  Nat ions  

S c i e n t i f i c  C o m i t t e e  on t h e  E f f e c t s  o f  Atomic R a d i a t i o n  (UNSCEAR) (') warns 

a g a i n s t  t h i s  s o r t  o f  misuse: 

E s t i ~ i i a t e s  o f  r i s k  p e r  u n i t  dose d e r i v e d  from ep idem io log i ca l  
i n v e s t i g a t i o n s  a r e  v a l i d  o n l y  f o r  t h e  doses a t  which t hey  have 
been es t ima ted  and t h e y  can be a p p l i e d  t o  a  range of  doses o n l y  
i f  t h e r e  i s  a  l i n e a r  r e l a t i o n s h i p  between dose and inc idence ,  
s i n c e  e x t r a p o l a t i o n s  beyond t h a t  range Inlay l e a d  t o  gross e r r o r s .  ( 5 )  

The UNSCEAR r e p o r t  i s  c a r e f u l  n o t  t o  c a l c u l a t e  r i s k  es t ima tes  where 

t h e  a v a i l a b l e  da ta  do n o t  suppor t  a  1  i n e a r  r e l a t i o n s h i p .  An example i s  

t h e  l u n g  cancer  da ta  on t h e  Hi rosh ima atomic bomb s u r v i v o r s ,  where t h e  

r i s k  p e r  rem decreases w i t h  i n c r e a s i n g  dose. The BEIR r e p o r t ( 4 )  d iscussed  

Gofman's e s t i m a t e  o f  t h e  cancer  r i s k  from exposure t o  l ow  l e v e l  doses o f  

r a d i a t i o n  and concluded t h a t  Gofman overes t imated  t h e  r e l a t i v e  r i s k  of  

r a d i a t i o n - i n d u c e d  s o l i d  tumors by a  f a c t o r  o f  4-5 i n  0-9 year -o lds  and by 

a  f a c t o r  o f  10 i n  a l l  o t h e r s .  

Because t h e r e  i s  no e m p i r i c a l  ev idence on t h e  ca rc i nogen i c  e f f e c t s  o f  

r a d i a t i o n  i n  human beings a t  doses l o w e r  than  ~ 1 0  rem, t h e  r e l a t i o n s h i p  

between dose and cancer  i n d u c t i o n  i s  unknown a t  such low doses. I n  t h e  

BEIR and UNSCEAR r e p o r t s  a  l i n e a r  r e l a t i o n s h i p  i s  assumed t o  i n s u r e  



conservat ism,  bo th  i n  a p p l y i n g  t h e  d e r i v e d  r i s k  es t ima tes  t o  r a d i a t i o n  

p r o t e c t i o n  p r a c t i c e s  and i n  comparing b i o l o g i c a l  r i s k s  o f  r a d i a t i o n  and 

a l t e r n a t i v e  o p t i o n s .  S ince  n e i t h e r  t h e  r i s k  es t ima tes  o f  t h e  BEIR r e p o r t  

n o r  those  o f  t h e  UNSCEAR r e p o r t  a r e  r ep resen ted  t o  be measures o f  t h e  mag- 

n i t u d e  o f  t h e  a c t u a l  occur rence  o f  r a d i a t i o n - i n d u c e d  cancer ,  i t  would n o t  

be p ruden t  t o  use them f o r  t h a t  purpose. 

F i n a l  l y ,  t h e  Na t i ona l  Counc i l  on R a d i a t i o n  P r o t e c t i o n  and Measure- 

ments(6)  con t i nues  t o  be1 i e v e  " t h a t  r i s k  es t ima tes  f o r  r a d i o g e n i c  cancers  

a t  l o w  doses and l o w  dose r a t e s  d e r i v e d  on t h e  b a s i s  o f  l i n e a r  ( p ropo r -  

t i o n a l )  e x t r a p o l a t i o n  f rom t h e  r i s i n g  p o r t i o n s  o f  t h e  dose- inc idence  

curves a t  h i g h  doses and h i g h  dose r a t e s  ... cannot  be expected t o  p r o v i d e  

r e a l  i s t i c  e s t i m a t e s  o f  t h e  a c t u a l  r i s k s  f r om  l o w - l e v e l  , low-LET r a d i a t i o n s ,  

and have such a  h i g h  p r o b a b i l i t y  o f  o v e r e s t i m a t i n g  t h e  a c t u a l  r i s k  as t o  

be o f  o n l y  ma rg ina l  va lue,  i f  any, f o r  purposes o f  r e a l i s t i c  r i s k - b e n e f i t  

e v a l u a t i o n . "  Appl i c a t i o n  o f  these  r i s k  es t ima tes  t o  high-LET r a d i a t i o n s ,  

such as a l pha  r a d i a t i o n  f r om  p lu ton ium,  c o u l d  be j u s t  as tenuous. F u r t h e r -  

more, - t h e  r i s k  es t ima tes  i n  t h e  LINSCEAR and BEIR r e p o r t s  a r e  d e r i v e d  f r om 

s p e c i f i c  t ypes  o f  r a d i a t i o n  exposure,  none o f  which i n v o l v e d  a l pha  r a d i a -  

t i o n  e m i t t e d  f rom p a r t i c l e s  s i m i l a r  t o  p l u ton ium depos i t ed  i n  t h e  l ungs .  

The M u l t i p l i e r  E f f e c t  o f  A lpha R a d i a t i o n  

The second Gofman premise, t h a t  r a d i a t i o n  m u l t i p l i e s  t h e  e f f e c t s  o f  

o t h e r  c a r c i n o g e n i c  i n f l u e n c e s ,  was cons idered  by t h e  I n t e r n a t i o n a l  Com- 

m i s s i o n  on R a d i o l o g i c a l  ~ r o t e c t i o n ( ' )  and found t o  be unsuppor ted by t h e  

s c i e n t i f i c  1  i t e r a t u r e .  Accord ing  t o  Gofman's concept,  a  g i v e n  r a d i a t i o n  

dose w i l l  i n c r e a s e  t h e  l e v e l s  o f  a l l  n a t u r a l l y - o c c u r r i n g  cancers  by t h e  

same percentage,  r e g a r d l e s s  o f  t h e  a c t u a l  i n c i d e n c e  o f  n a t u r a l l y - o c c u r r i n g  

cancers  i n  t h e  p o p u l a t i o n .  

Gofman a p p l i e s  t h e  va lue  o f  2%/rem o f  exposure i nc rease  ove r  t h e  

spontaneous r a t e  t o  a l l  t ypes  o f  cancer .  However, s i n c e  t h e  i n c i d e n c e  

r a t e s  o f  n a t u r a l l y - o c c u r r i n g  cancers  vary ,  h i s  es t ima tes  do n o t  neces- 

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



t i s s u e s  t o  r a d i a t i o n - i n d u c e d  cancer .  Gofman's f i g u r e  would 1  ead t o  s i g -  

n i f i c a n t  o v e r e s t i m a t i o n  o f  excess cancers o f  t i s s u e s  which have a  r e l a -  

t i v e l y  h i gh  spontaneous cancer r a t e  (u te rus ,  ovary ,  esophagus, 1  arynx,  

sk i n ,  e t c .  ) b u t  which have n o t  been found t o  a c t u a l l y  develop excess can- 

c e r s  i n  i r r a d i a t e d  popu la t i ons .  ( 7 )  

Gofman p u r p o r t s  t o  base h i s  r i s k  es t ima tes  on t h e  "spontaneous" can- 

c e r  r a t e  i n  humans. S ince  90% o f  ma l ignan t  neoplasms i n  human beings a r e  

thought  t o  be due t o  env i ronmenta l  f a c t o r s ,  (8 )  Gofman ' s  p r e d i c t i o n s  a r e  

i n  f a c t  based on t h e  assumption t h a t  a lpha r a d i a t i o n  f rom p lu ton ium depos- 

i t e d  i n  lungs  inc reases  t h e  i nc i dence  o f  a l l  l u n g  cancer,  bo th  n a t u r a l  and 

due t o  a l l  i n h a l e d  env i ronmenta l  po l  1 u t a n t s ,  by 2%/rem/year. T h i s  assumes 

t h a t  p a r t  o f  t h e  cancer  r i s k  f rom p lu ton ium depends on t h e  occurrence o f  

cancers f rom o t h e r  causes. S ince t h e r e  a r e  no cancer i nc i dence  da ta  f o r  

p l u ton ium depos i t ed  i n  l ungs  o f  human beings,  t h e  v a l i d i t y  o f  t h i s  assump- 

t i o n  i s  n o t  known. However, n o t  a l l  env i ronmenta l  p o l l u t a n t s  a c t  upon t h e  

same t i s s u e s  w i t h i n  t h e  l u n g .  T h i s  i s  i l l u s t r a t e d  by t he  v a r i e t y  o f  tumor 

types  t h a t  occurs  among workers  w i t h  d i f f e r i n g  occupat iona l  exposures and 

among smokers and nonsniokers. ( 9 )  

Inc reased  Cancer R isk  t o  Smokers 

The r e s u l t s  o f  animal exper iments  i n d i c a t e  t h a t  i n h a l a t i o n  o f  p l u t o -  

nium does n o t  i nc rease  t h e  i nc i dence  of  cancer  o f  t h e  b ronch ia l  e p i t h e l  ium, 

t h e  t y p e  o f  l u n g  cancer  t h a t  occurs most f r e q u e n t l y  i n  both smoking and 

nonsmoking human beings and i n    no st occupa t i ona l  exposures. P lu ton ium 

i n h a l e d  by exper imenta l  an imals  i s  depos i ted  i n  t h e  p e r i p h e r a l  pulmo- 

na ry  reg ions  o f  t h e  l ung .  Therefore,  i t  i s  these  t i s s u e s  which a r e  

i r r a d i a t e d ,  r a t h e r  than  t h e  b ronch ia l  e p i t h e l i u m ,  and t h e  predominant 

ca rc i nogen i c  e f f e c t  i s  cancer  o f  t h e  b r o n c h i o l a r - a l v e o l a r  e p i t h e l i u m .  I n  

human beings, however, b r o n c h i o l o - a l v e o l a r  carcinoma i s  t h e  l e a s t  common 

o f  t h e  major  l u n g  cancers,  account ing  f o r  o n l y  3-6% of t h e  t o t a l  (11)  in 

both  smokers and nonsmokers. ( I 2 )  Therefore,  s i n c e  i t  has n o t  been proved 

t h a t  p l u ton ium inc reases  t h e  i nc i dence  o f  n a t u r a l l y - o c c u r r i n g  and env i ron -  

mental  p o l l u t a n t - i n d u c e d  types  o f  l u n g  cancer  i n  man, t h e  use o f  t h e  



r e l a t i v e  r i s k  approach may l e a d  t o  er roneous conc lus ions .  I f  Gofman 

i n s i s t s  on u s i n g  t h e  r e l a t i v e  r i s k  approach, t h e  more a p p r o p r i a t e  base- 

l i n e  would be t h e  i nc i dence  o f  t h e  tumor t ype  known t o  be caused by 

i n h a l e d  p l  u ton ium i n  an imals  ( b r o n c h i o l o - a l v e o l a r  carc inoma),  which com- 

p r i s e s  o n l y  3-6% o f  human l u n g  cancers.  T h i s  would r e s u l t  i n  a  n e a r l y  

2 0 - f o l d  r e d u c t i o n  i n  Gofman's r i s k  es t ima te .  

Gofman's ma jo r  erroneous premise i n t r o d u c e s  a  1 a rge  e r r o r  i n t o  h i s  

p r e d i c t i o n s .  He conc ludes t h a t  t h e  r i s k  t o  c i g a r e t t e  smokers f r om 

p l  u t o n i  um-induced 1  ung cancer  i s  g r e a t e r  than  f o r  nonsmokers because i n  

smokers c l ea rance  o f  p l u ton ium p a r t i c l e s  f rom t h e  l a r g e  a i rways  o f  t h e  

lungs  ( t h e  t r acheob ronch ia l  r e g i o n )  i s  impa i red .  On t h e  b a s i s  o f  p u b l i s h e d  

obse rva t i ons  o f  areas denuded o f  c i l  i a  i n  t h e  b r o n c h i a l  e p i t h e l  ium o f  c i g a -  

r e t t e  smokers1 1  ungs, Gofman conc ludes t h a t  t h e  c l ea rance  o f  p l u ton ium 

p a r t i c l e s  would be impa i red  i n  25% o f  t h e  t r acheob ronch ia l  r e g i o n  o f  t h e  

l ungs  o f  persons who smoke one package pe r  day. There fo re ,  25% o f  p l u t o -  

nium p a r t i c l e s  depos i t ed  i n  t h e  t r acheob ronch ia l  r e g i o n  and p a r t i c l e s  

c l e a r e d  t o  t h i s  r e g i o n  f rom t h e  pulmonary r e g i o n  would be r e t a i n e d  i n  t h e  

t r acheob ronch ia l  r e g i o n  w i t h  a  ha1 f - t i m e  o f  500 days. Exper imenta l  e v i  - 
dence does n o t  suppor t  t h i s  conc lus ion .  

C i g a r e t t e  smoke has been r e p o r t e d  t o  i n h i b i t  c i l i a r y  a c t i v i t y  o f  t h e  

r e s p i r a t o r y  t r a c t .  3, However, A1 b e r t  e t  a1 . ( I 4 )  found t h a t  i n h a l e d  pa r -  

t i c l e s  were a c t u a l l y  c l e a r e d  more r a p i d l y  i n  smoking males t han  i n  non- 

smokers. Lourenco e t  a1 . 5, observed abnormal accumul a t i o n s  o f  p a r t i c l e s  

i n  t h e  t r acheob ronch ia l  r e g i o n  o f  t h e  lungs  o f  smokers seve ra l  hours a f t e r  

i n h a l a t i o n  o f  a  t e s t  ae roso l .  There was a  d e l a y  o f  about  2 hours b e f o r e  

p a r t i c l e  c l ea rance  began, b u t  a f t e r  5  o r  6 hours t h e r e  was l i t t l e ,  i f  any, 

d i f f e r e n c e  i n  t h e  amount o f  p a r t i c l e s  rema in ing  i n  t h e  lungs  o f  t h e  smokers 

and nonsmokers. There i s  no  ev idence t o  suppor t  Gofman's c l a i m  t h a t  c l e a r -  

ance o f  p l u ton ium p a r t i c l e s  f rom l ungs  o f  smokers would be impa i red  t o  t h e  

e x t e n t  he suggests.  

However, i t  i s  Gofman's e s t i m a t e  t h a t  p l u ton ium p a r t i c l e s  a r e  r e t a i n e d  

i n  t h e  t r acheob ronch ia l  r e g i o n  w i t h  a  h a l f - t i m e  o f  500 days t h a t  l e a d s  t o  



h i s  as t ronomica l  p r e d i c t i o n s .  Gofman c o r r e c t l y  s t a t e s  t h a t  t h e  h a l f - t i m e  

f o r  c learance  o f  p l u ton ium f rom t h e  n o n c i l i a t e d  pulmonary r e g i o n  o f  t h e  

lungs  i s  about  500 days. ( I 6 )  Th i s  r e l a t i v e l y  l o n g  r e t e n t i o n  t ime  i n  t h e  

pulmonary r e g i o n  appears t o  be due t o  t h e  i n t e r a c t i o n  o f  p l u ton ium w i t h  

t h e  c e l l u l a r  c o n s t i t u e n t s  o f  t h i s  p a r t  o f  t h e  l u n g  where gas exchange 

occurs .  The p lu ton ium p a r t i c l e s  a r e  engu l f ed  by phagocy t i c  c e l l s  and 

t r a n s p o r t e d  i n t o  i n t e r c e l l  u l  a r  spaces and l ympha t i c  t i s s u e s ,  f rom which 

c l ea rance  i s  ex t reme ly  s low. ( l o )  However, t h e r e  i s  no bas i s  f o r  h i s  

assumption o f  a  500-day h a l f - t i m e  f o r  r e t e n t i o n  o f  p l u ton ium p a r t i c l e s  i n  

t h e  t r acheob ronch ia l  r e g i o n  o f  t h e  l ungs  o f  smokers. Such long- te rm r e t e n -  

t i o n  o f  p a r t i c l e s  depos i t ed  i n  t he  l a r g e  a i rways  o f  t h e  t r acheob ronch ia l  

r e g i o n  has n o t  been demonstrated. Even i f  t h e  c i l i a r y  c learance  processes 

were impa i red  by c i g a r e t t e  smoking, t h e  r e l a t i v e l y  f r equen t  coughing expe- 

r i e n c e d  by most heavy smokers would t end  t o  promote c l ea rance  o f  p l u ton ium 

p a r t i c l e s  w i t h  o t h e r  d e b r i s  f rom t h e  t r acheob ronch ia l  r eg ion .  A1 b e r t  

e t  a l .  ( I 4 )  observed t h a t  i n  bo th  smokers and nonsmokers 90% o f  i n h a l e d  

p a r t i c l e s  c l ea red  f r om t h e  t r acheob ronch ia l  r e g i o n  w i t h i n  13 hours.  I n  

most  sub jec t s ,  90% c learance  occu r red  w i t h i n  6  hours.  Lourenco e t  a l .  (1  5 )  

found t h a t  a  mean o f  46.8% o f  p a r t i c l e s  depos i t ed  i n  lungs  o f  smokers was 

r e t a i n e d  a f t e r  24 hours, compared w i t h  48.3% i n  nonsmokers. N e i t h e r  o f  

these  r e p o r t s  suggests a n y t h i n g  approaching a  r e t e n t i o n  h a l f - t i m e  o f  

500 days f o r  t h e  t r acheob ronch ia l  r eg ion .  A l though these  s t u d i e s  were n o t  

w i t h  p lu ton ium,  t h e r e  i s  no reason t o  expect  t h e  r e t e n t i o n  o f  p l u ton ium 

t o  d i f f e r  g r e a t l y  f rom t h e  t e s t  ae roso l s  t h a t  were used. For example, 

p l u ton ium i s  c l e a r e d  f rom t h e  t r acheob ronch ia l  r e g i o n  o f  dog l ungs  w i t h  a  

ha1 f - t i m e  o f  2-3 days. ') The I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  

P r o t e c t i o n ' s  Task Group on Lung Dynamics recommended a  c learance  h a l f -  

t ime  va lue  o f  0.1-0.2 days f o r  p l u ton ium d i o x i d e  i n  t h e  t r acheob ronch ia l  
r,gion.(18'19y20) There i s  no ev idence t h a t  t h i s  does n o t  app l y  t o  smokers 

as we1 1  as t o  nonsmokers. 

I f  p lu ton ium were i n  f a c t  r e t a i n e d  i n  t h e  t r acheob ronch ia l  r e g i o n  o f  

t h e  l ungs  o f  smokers w i t h  a  h a l f - t i m e  o f  500 days, then  o t h e r  i n h a l e d  



p a r t i c l e s  a l s o  c o u l d  be expected t o  have l o n g  r e t e n t i o n  t imes .  T h i s  would 

make smokers e s p e c i a l l y  v u l n e r a b l e  t o  chok ing  t o  dea th  when exposed t o  a i r  

c o n t a i n i n g  modera te ly  h i g h  c o n c e n t r a t i o n s  o f  dus t ,  a  s i t u a t i o n  which i s  

o b v i o u s l y  c o n t r a r y  t o  exper ience.  

Another  c o n s i d e r a t i o n  over looked  by Gofman i s  t h a t  a1 pha p a r t i c l e s  

from p lu ton ium pene t ra te  o n l y  t o  about 40 pm. P lu ton ium p a r t i c l e s  c l e a r e d  

f rom b r o n c h i a l  areas by m u c o c i l i a r y  a c t i o n  would p robab l y  be encased i n  

mucus and/or  macrophages o f  t h a t  t h i c k n e s s  o r  g r e a t e r .  Thus, i t  i s  

un l  i k e l y  t h a t  a  bare p lu ton ium p a r t i c l e  would come t o  r e s t  on a  bare 

u n c i l i a t e d  area o f  t h e  b r o n c h i a l  eph i t he l i um.  Since, as Gofman agrees, 

smokers have b ronch i  a1 squanlous metapl  as i a ,  t h e  b ronch i  a1 e p i  t he1  i um woul d  

be t h i c k e r  and t h e  s e n s i t i v e  i n t e r m i t o t i c  basal  c e l l s  would be f u r t h e r  

p r o t e c t e d  f rom a1 pha p a r t i c l e s .  Th i s  argument i n d i c a t e s  t h a t  smoking, 

w i t h  r e s u l  t i n g  inc reased  mucus p roduc t i on  and squamous ~metap las ia ,  m i g h t  

a c t u a l l y  p r o t e c t  a g a i n s t  t h e  hazards o f  p l u ton ium p a r t i c l e s  w h i l e  t h e y  a re  

p resen t  i n  t h e  b ronch i .  

OTHER ERRORS I N  GOFMAN'S LOGIC 

O the r  e r r o r s  o f  f a c t  and l o g i c  i n  Gofman's r e p o r t s  a r e  i l l u s t r a t e d  by 

t h e  f o l  l ow ing :  

1  ) Us ing a  va lue  o f  2000 rem/uCi t o t a l  a lpha  dose t o  l u n g  f rom 

i n h a l e d  p lu ton ium,  Gofman hypothes izes t h a t  d e p o s i t i o n  o f  

10.5 pCi f a l l o u t  p l u ton ium rep resen ts  a  p o t e n t i a l  dose o f  

about  21 mrem. T h i s  i s  i n  agreement w i t h  t h e  UNSCEAR va lue  

o f  20 mrem, t h e  t o t a l  i n t e g r a t e d  dose t o  t h e  pulmonary r e g i o n  

o f  t h e  l u n g  o v e r  a  50-year p e r i o d  f rom f a l l o u t  p lu ton ium.  (5  

T h i s  t o t a l  l i f e t i m e  dose f rom f a l l o u t  p l u ton ium i s  approx imate ly  

equal t o  t h e  dose t h e  t r acheob ronch ia l  and pulmonary reg ions  o f  

t h e  lungs  r e c e i v e  each y e a r  f rom b r e a t h i n g  a i r  c o n t a i n i n g  o n l y  

those  r a d i o n u c l i d e s  (such as radon and lead-210) which occu r  

n a t u r a l l y  i n  a l l  a i r .  Thus, a t  any t ime, t h e  a lpha  r a d i a t i o n  

dose from i n h a l e d  f a l l o u t  p l u ton ium i s  much l e s s  than  t h e  dose 



t o  t h e  r e s p i r a t o r y  t r a c t  f rom background a lpha  r a d i a t i o n .  I f  

Gofrnan were c o r r e c t  about  p lu ton ium,  i n h a l e d  n a t u r a l  radon and 

1 ead-210 would have been r e s p o n s i b l e  f o r  much h i g h e r  inc idences  

of human l u n g  cancer  than  have occu r red  th roughout  t h e  h i s t o r y  

o f  man. 

The r e p o r t s  l a c k  r e l i a b l e  s t a t i s t i c a l  con ten t ;  f o r  ins tance ,  

Gofrnan uses averages r a t h e r  t han  d i s t r i b u t i o n s ,  p a r t i c u l a r l y  

when extremes a r e  unknown. T h i s  can g i v e  f a l l a c i o u s  r e s u l t s .  

For example, Gofrnan says t h a t  t h e  inc rementa l  e f f e c t  o f  i o n -  

i z i n g  i r r a d i a t i o n  i s  age-dependent, y e t  uses t h e  2% f i g u r e  f o r  

t h e  inc reased  r i s k  p e r  rem un i f o rm ly ,  w i t h o u t  c o n s i d e r a t i o n  o f  

age v a r i a t i o n s  i n  t h e  h y p o t h e t i c a l  popu la t i on .  The ca tego ry  

"smoker" embodies a  continuum, f r om severa l  c i g a r e t t e s  pe r  day 

t o  severa l  packs p e r  day, y e t  h a l f  t h e  people a r e  t r e a t e d  

s i m p l y  as smokers. To be s t a t i s t i c a l l y  c o r r e c t ,  an i n v e s t i -  

g a t o r  l o o k s  a t  a l l  t h e  v a r i a b l e s  a t  a  d i s t r i b u t i o n a l  l e v e l  and 

appl  i e s  t h e  a p p r o p r i a t e  laws o f  d i s t r i b u t i o n a l  c a l c u l u s  t o  fo rm 

conc lus ions .  

3) I f  Gofman's premise t h a t  c learance  o f  p l u ton ium f rom lungs  of  

smokers i s  g r e a t l y  impa i red  i s  t r u e ,  human au topsy  da ta  shou ld  

be showing nluch h i g h e r  l u n g  burdens o f  p l u ton ium i n  smokers 

than  i n  nonsmokers. T h i s  has n o t  been revea l  ed i n  t h e  r e s u l  t s  

pub l i shed  t o  da te .  

CONCLUSIONS 

There i s  no sound bas is ,  e i t h e r  i n  da ta  f rom animal exper iments  o r  

exper ience  w i t h  human beings, f o r  Gofman's assumption t h a t  t h e  l u n g  can- 

c e r  r i s k  posed by l ow  dose, l ow  dose-rate a l pha  r a d i a t i o n  f rom i n h a l e d  

p l u ton ium i s  l i n e a r l y  r e l a t e d  t o  cancer  i nc i dence  i n  persons exposed t o  

h i g h e r  dose, h i g h e r  dose- ra te  X-  and gamma r a d i a t i o n  from m o s t l y  e x t e r n a l  

sources. L ikewise ,  exper imenta l  ev idence does n o t  suppo r t  h i s  assumption 



t h a t  a1 pha r a d i a t i o n  f rom p lu ton ium depos i t ed  i n  t h e  l ungs  i nc reases  t h e  

i nc i dence  o f  a l l  l u n g  cancer,  whether n a t u r a l  o r  caused by exposure t o  

env i ronmenta l  p o l l u t a n t s .  

However, Gofman's r a d i c a l  o v e r e s t i m a t i o n  o f  p l  u t o n i  um-induced deaths 

i s  based p r i m a r i l y  on h i s  er roneous assumption t h a t  c i g a r e t t e  smoking s i g -  

n i f i c a n t l y  i nc reases  t h e  cancer  r i s k  f rom i n h a l e d  p lu ton ium,  and t h e r e  i s  

no ev idence t h a t  c i g a r e t t e  smoking causes p lu ton ium p a r t i c l e s  t o  be r e t a i n e d  

i n  t h e  t r acheob ronch ia l  r e g i o n  o f  t h e  lungs  w i t h  a  h a l f - t i m e  o f  500 days. 

Thus, Gofman's c a l c u l a t e d  h i g h  r a d i a t i o n  doses t o  t h e  t r acheob ronch ia l  

e p i t h e l i u m  o f  t h e  lungs  o f  smokers a r e  unsupported, and i n  f a c t  c o n t r a -  

d i c t e d ,  by exper imenta l  da ta .  It f o l l o w s  then  t h a t  h i s  es t ima tes  o f  t h e  

l u n g  cancer  r i s k  t o  smokers f rom i n h a l e d  p lu ton ium a r e  w i t h o u t  m e r i t .  
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