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ABSTRACT 

T.*o s t u d i e s  on Los Aiazo3 s;Jrkers expcrsed t o  plutonium have s b . m  no 

i n c r e a s e  i n  c a n c e r s  of t h e  l w g ,  Ssne, and l i ve r ,  t h r e e  p r i n c i p a l  c a n c e r s  of  

interest  f o l l o w i n g  p l u t o n i l m  deposition. A c l i n i c a i  study of 26 w o r k e r s  ex- 

posed 32 years a53 si-.ozs no case3 ;f c a n c e r  oCb?r t h a n  two a k i n  c a n c e r ?  t h a t  

were e x c i s e d  s u c c ~ s : f u l l y .  A I=c , r ' . a l icy  s t u d y  of 224 xorkers,  a l l  p e r s o n s  

w i t h  e s t i r a t e d  de;o!ji',ions of 10 nCi  o r  mcrs in 19711, showed no e x c e s s  O f  

oo r t a1 i :y  due t o  in7 c a u s e .  NO Gone or  l i ve r  c a n c e r 3  were presen+., w h i l e  

one  d e a t h  d1-e t o  lung cancer was obse rved  a s  compared t o  an e x p e c t e d  :hree 

c a s e s .  These n e g a t i v e  f i n 3 i n g s  cn such  m a l l  g r o u p s  a r e  ~ 0 %  a b l e  t o  prove  

o r  d i s p r o v e  t h o  v a l i d i t y  of ccz:-sn?;r used r i sk  s s t i r n a t e s  a s  r eco rnended  i n  

t h e  1972 BE13 a z d  15177 UNSCEA3 r e j c r t s ,  Du: t h e  d a t a  do indicste t h a t  much 

h i g h e r  risk sstisatcu are  no: x a r r a n t e d .  
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STUDIES Gfl  HEALTH RISKS TO PERSOHS EXPClSED TO PLUTONIUM 

b y  

G .  L.  Vocrlt ,  J. H. SteLbingcP, J r . ,  J .  W.  H e a l y ,  L. H .  Hempelmann 

Man's f i r s t  o p p o r t u n i t y  f o r  e x p o s u r e  t o  p o t p n t i a l l y  h d r a f u l  aniOCntS 

of p l u t o n i m  was d u r i n g  World War 11, h e n  i n d u s t r i a l  sca le  producCion  

began  i n  1945. Ever  sir.c,e tr,e U - . i t ~ d  S * a t P s  h a s  had a n  i n d c l t r y  employing  

s e v e r a l  t h o u s a n d s  of persc!.3 L;<:O work d i t h  t h i s  l m g - l i v e d  a l o h a  r a d i a -  

t i o n  P m i t 5 e r  t h a t  h a s  t9e  i2portar : t  p ro>?cr ty  c f  pt*odcciag n u c l e a r  e n e r g y  

by f r s s i a n .  

The ?o+.en%ial  f o r  p l u t o n i c  t o  produc? a d v e r s e  h e a l t h  e f fec ts ,  i f  

t a k e n  i n t c r n a l l y ,  was r e c o g n i z e d  .Irr?ady i n  1944.  Ti:ir ty y e a r s  l a t e r  

t h i s  s u b j e c t  is v i g o r o u s l y  d e b a t e d  x i c h  a w i d e r  rdn,e of :* ib topics  t h a n  

a t  any t i n e  i n  i ts h i s t o r y .  One wc.u;d t h i n k  a s  i n f o r n a t i o n  of h e a l t h  

e f f e c t s  h a s  accmula* .sd  from s t u d i e s  C.-I a n i r c l l z  exposed  t o  p l u t o n i m  and 

hunan fo l low-up s t u d i e s ,  t h a t  t h e  are33 o f  c o n t r o v w s y  wo i l d  n a r r o w .  

T h a t  h a s  not been  t h e  ca-09, a t  leas? n o t  i n  .s t ; i t?ne. i ts  Ie9ignec for  

p u b l i c  c o n s l m p t i o n .  One cf t h e  p u r p o s e s  of t h i s  p i p e r  is t o  p r e s e n t  d a t a  

d e r i v e d  f ro3  t h e  f o l l o w - u p  on !,os Alamos p l u t o u i u m  wcrkers and t o  w a l -  

uate s o n e  r i s k  asss? .unents  u s e d  t o d a y  t o  see how well 'hey c o r r e l a t e  wiCh 

t h e s e  p r e l i m i n a r y  r e : 3 u l t s .  

S t u d i e s  on p e r s o n s  esposed t o  p l u t o r  ium are  nc:w b e g i n n i n g  t o  r e a c h  

an i m p o r t a n t  s t a g +  b e c a u s e  of  ',ha l e n g t h  of t ias s i ; rca  f i r s t  exp:-sures .  

The l o ~ g  p h y s i c a l  h a l f - l i f e  of  239Pu (21;,405 y e a r s )  and ?or,g b io l .q i .ca1  

h a l f - t i m e  i n  t he  body ( a n  e . s t i m a t e d  100 y e a r s  i n  bone  and  40 :;rt..rs i r r  

l i ve r )  " )  make i n t e r n a l  d e p o s i t i o n s  a c o n t i n u i n g  l ; f e t  izZ.1 expJsut-e. 

3 



"I 

D e p o s i t i o n s  i n  hu-nanq, now p r e s e n t  nore t h a n  30 y e a r s  i n  t h e  e a r l y  expo-  

s u r e s ,  a l r e a d y  e x t e n d  w a l l  beyond a n y  long-cerm e x p ? r i m e n t s  i n  a n i E a l 3 .  

Both  st;dies c i t e d  hsre  ; r e  on p e 3 ; s o : ~  w i t h  lorg term plu tonium Ceposi- 

t i o n s ,  F r i z a r i l y  :troc;gh inha1a:io:: x p o s u r e 5 .  

I. J l u t c n i m  'riorkers on !!znhsttan Pro f e a t  Los Alano 7 

I n  the e~4:ly 195Ss ,  26 p 1 u t o : i i u .  workers who had *qorked o n  the 

Hanhzb,,jn prnieGe a% X ? . ~ C .  is  ncw t h e  Lcs Alaaos S c i e n t i f i c  La to ra ' o ry ,  

p e r s o n 3  a t  i o s  Alan09 i n  1 S 4 4  and  1945. 

The S t  ' id7 subjecCc , vi.osP vork  h i s t o r i e s  i n d i c a t e d  heavy e x p o s u r e  

t o  p l u t o n i u ,  were sr:lccted o n  t h e  b a s i s  cf the ac!c*inC, of 239Pu exc re -  

ted i n  u r i n e  z e a s n e d  by =Lt:- . i : IS  3*:7i:c212 Se.fs:= 135G. P.e stcc'y has 

The x o r k i n g  c o n d i t i o n s  ir. 194'1-45 and t h e  a i r c m s t a n c s a  of  t h e  

p l u t o n i c 3  exp;suras  of 'base nen s u p p o r t  t h e  n o t i o n  t h a t  i n h a l a t i o n  was 

t h e  p r i z a r y  route  of  ex;osure. E i g h t  workers i n  t h e  g r o u p  bad potan- 

t i a l l y  c o 7 t m i n a - . e d  uounds and t h r e e  had chen ica l  b u r n s  b y  p l u t c n i u n -  

c o n t a i n i n g  so1u';rons. !?est woLndcl were e x c i s e d  p rompt ly  and  d l d  n o t  

c o n t a i n  p1u:onim of  ar,y s i g n i f i c a n c e .  The h i g h e s t  q v a n t i t y  0: p1.u- 

t c n i u n  r ,?dsured in e x c i s e j  t i s s u e s  w3.s  2 nCi  i n  cne case.  I n  a r i . + h p r  

per..cn. a knohn con taz i ina t ?d  wound a rea  or. a f i n g e r  is e s t i : r a t s d  t o  

239,;. r e t a i n  5 '2  nCi of 

The 1S72 2nd '977 o x m i n a t i o n s ,  d o n s  a t  Lcs Alamcs, i r .c luded U 

co.i?.ting of t h e  c h e s t ,  l i v e r ,  and  ha!id3; a n a l y s i s  of u r i n e  and  

f e c a l  SaSplCs;  3nd cox?rekcnsive m e d i c a l  s t u d i t s ,  No i n t e r n a l l y  de- 

p o s i t e d  r a d i o a c t i v i  t;. s i g q i f i c a n t l y  a b o v e  background was fbur.d by 
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d i r e c t  ccun',ing i n   vi^^ zetkods e x c e p t  fcr t h e  one wounil area d e s c r i b e d  

abo.I?. p l u t o n i w  excre+, ion  i n  urice was used  t o  esfin3te i n t e r n a l  

d e p o s i t i o n s  of p i u t o n l c 3  b y  use of t h e  PLlQFij.1 c c d e .  (4) The e s t i a a t s d  

body b u r d e n s  ra?.e;e f ro3 7 $0 ZjS nCi u i t h  ar. .?::erage of  58 n c i  a n <  a 

nsdian v31ae of 33 n C i .  Elav.:n p e r s o n s  i n  t he  g r o u p  exceed  tk.c 40 nCi 

i ax i r -u3  psr2issible body burdea , ( 5 ' 6 )  and 21 perscns h a v e  d e p o s i t i o n s  

of  20 r . C i  or  ccrr?. 

Tvo i r . d i v i d u a l s  i n  '.he groap have  d i e d :  one due  '.o a l o y o c a r d i a l  

i n f z r c c i c n  rnrl t h e  ofhe? d u e  t o  i n j u r i e s  s u s t a i n e d  i n  a n  a u t c z o b i l e -  

p d e s ' . r i a n  a c c i d e n t .  Tce e x p e c t e d  n u ~ b e r s  of d e a t h s  fo r  t h e  g r c u p  

a d j u s t e d  fcr  age and y?hr cf d e z t h ,  based  or, Un i t ed  S t ~ t e s  w n i t e  male 

raC,ec, *--?re gene-a ' .~3  b y  z e a n s  of a comzuter p r c g r m  d e v j l o p c d  and  

d e s c r i b e d  by ?d,,nscn and c m p a r e d  t o  t h e  o b s e r v e d  d e a t h s  i n  T a b l e  1 .  

T h e  lev c)Sser*iea zirL.i l icj '  is 30s: l i k e l y  d u e  t o  p o s i t i v e  s e l e c ' i c n  fcr 

he31*,h s:at*is i n  !h i s  e r o u p :  t h e s e  nen xere m i l i t a r y  p e r s o n n e l  i n  

19GQ-45 a r , i  have i.. ge -e ra l  a t t a i n e d  a h i g h  s o c i c e c o n c , n i c  s t a t u ? .  

(7 :  

The r;edi;.a? h i s t o r i e s ,  c l i n i c a l  e x m i n a t i o n  and d i a g n o s t i c  p rc -  

p?dli;reS, i n e l u d i n g  b l o c d  c h e a i s t r y  p r c i ' i l e s ,  h e a t t ~ l o 5 y ,  u r i n a l y s i s ,  

roen+.aei;ograzs of  ekes'. , t e e t h ,  and bones, e l e c t r o c a - d i o g r a m s ,  pu lnon-  

cry e x f o l i a ' .  i*ie cyC.cLogy I a z d  lyz iphccyte  chro;;losone a n a l y s i s ,  revel!  Pd 

f i n d i n s s  i n  these i n d i v i d u a l c  t h a t  a p p e a r  tu  be w i t h i n  u s u a l  e x p e c t a -  

t i o n s  of hea1:n p r o b l s n s  f o r  t% i r  ages ,  average of 56 years  i n  1976 

wi:h a r a n g e  cf 52 +,o 69 years.  Tho most 5 i g c i f i c a n t  d i a g n o s e s  xcre 

0.14 c k s e  eat?. of rorcnarjt h e a r ?  d i s e a s e ,  t o t a l  b l i n d n e s s  d u e  t o  g!su- 



- - -  

of Zance r  K c t h i n  t h s  g r o u p  e x c e p t  f o r  a h i s * o r y  of  two skin c a n c e r s  

inproved est ina5e.s  a re   sed i n  t h i s  p a p e r  fo r  r i s k  a s s e s s m e n t  ? n a l y % i s ,  

b u t  t h e  c r i g i n a i  c c s p o ~ i t i o n  of t h e  g r o u p  h a s  not  been  changed. 

The 3 r o u p  c o n s i s t s  of 224 k h i t e  n a l e  a.n3 17 w h i t e  f o s s l e  J u b j e c t s .  

M o r t a l i t y  s ' .atus was o b t a i n e d  on cacn i n o i v i d u a l  ir. t h e  z t u d y  as 3f 30 

June 1976. Tcs f o l l o x - u p  is 103 percent,  c c r n p l e t e  d e s p i t e  5P.e 30-yea:. 

p e r i c d  cf f a l l cu -u?  F;ressnt f o r  most subjece , s .  T h u s ,  t h e r e  are  no 

m i s s i n g  perscns I n  t h i s  c c r t a l i t y  s t u d y .  The d a t a  on Fenales is l i m i t -  

ee by t h e  m a l l  n m b e r s  and is n o t  d i s c u s s e d  further, bLC, is c o n v i s t e n t  

w i t n  b.b+ m o r t a l i t y  da t a  F r e s e n t e d  here on the males.  

The a o r t a l i t y  d a t a  z.?d scze c h a r a c t e r i s t i c s  of tns cohort of 224  

white mala p l u t o n i u n  workers 2re p r e s e n t e d  i n  T a b l e  2 .  The average 

y e a r  o f  o n t r y  i n t o  t h e  s t u d y ,  1.947, was d e t e r z i n o d  by t h e  t im of tile 

s u b j e c t s ' s  first r e c o r d e d  u r i n e  t e s t  for p l u t o n i u i i  e x p o s u r e  or  or' t h e  

recorded a c c i d e n t  r e s u l t i n g  i n  the  first presurnsd e x p o s u r e .  Most sub- 

j e c t s  ~ o u l d  not have  r e c e i v e d  t h e i r  current, c r  final body b u r d e n  u n t i l  

s m c  few y e a r s  a f t e r  snt - j r  into t h e  c 3 h o r t .  

6 
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I 
The r e v i s e d  body burden  e s t i m a t e s  i n  t h e  g r o u p  r a n g e  from < 1  to  

215 nCi w i t h  a n  average of 20 n C i  and  a nc?diaL v a l u e  o f  9.5 n C i ,  

Twenty-three p e r s o n s  i n  t h e  g r o u p  exseed  t h e  40 n C i  maximum p e r m i s s i b l e  

body burden  ir,d 54 p e r s o n s  kave d e p o s i t i o n s  of 20 nC1 O r  more. 

E x p e c t r d  c c r t a l i t y  rat.?g, a g e  and c a l e n d a r - y e a r  a d j a z t s d ,  a r e  

based on Uni t ed  S t a t e s  white male ra tcs  and generaclsd by Monsm’s  COD- 

pU%’?r Fr@gr 23. ( 7 )  The rcslJlts  fo r  broad c a t e g o r i e s  O f  deaths a r e  si:C*dn 

i n  Table  2 .  T h e  ?xl;cc’-.e3 e o r t a l i t y  c a l c u l a t e d  f o r  t h i s  g r o u p  does n o t  

i n c o r p o r a ?  e hea l  t h y  worker ef fec! s. 

C. s + a n i a r d i z c d  c c i - t a l i t y  r a t i o  (SMR) for  t o t a l  m o r t a l i t y  was 

54 l p < 3 . 0 9 1 ) ,  m a l i g n a n t  r.eo;lasms 61; (no!. s i g n i f i z a n t ) ,  and fo r  s i r -  

e a s e s  of ti-.? c i r c u l a t o r y  s y s t e a  38 ( p < O . O O l ) .  An S:4R of 100 is aver- 

age. f4or :a l i ty  fro? cal lgna.7:  n e o p l a s a s  were one each  of t h e  S u c c a l  

c a v i y y ,  s’,mzc:C., l a r g e  i n t e s t i n e ,  r e c t u a ,  l u n g ,  b l a d d e r ,  and l o p h a -  

p c ; i s t i c  sys*.er;l. For t h e  c a n c e r  s i t e ?  of g r e a t e s t  i n t e r e s t  f o l l o w i n q  

p l u t o n i m  sxF.os’Jres, l i v e r  or bone n a l i g n a n c t e s  d i d  not  C c c u r ,  and o n l y  

cne l u n g  car,z?r a p p e z m d  *Jr?rsus an e x p e c t e d  3 . 2 .  Tests of  s t a t i s t i c a l  

s i ; n i f i c ? n c e  a r e  no t  ;?+ftil f o r  t h e  m a l l  n m b a r 9  of  c a n c e r  c-se3 

p:csent i n  : h i s .  s+.dd;. 

The lcw m o r $ a l i t y  r a t i o s  found i n  t h i s  s t u d y  are most l i l . c l y  +.x- 

p l a i n c d  by s s l e c + . i o n  b i a s e s  r e l a t i v e  t a  t ? e  g e n e r a l  Unit?d St&!?s POFU- 

l a ‘ i o n .  T h e ~ e  i n c l u d e  t h e  h e a l t h y  worker e f f e c t  fclr employed popula-  

t i o n s  p l u s  a ! ’ ,d i%ionzl  s e l e c t i o n  for s e c r ‘ r i t y  c l e a r a n c e s  r e q u i r e d  fo r  

a l l  subjec’9  and m i l i t a r y  s e l e c t i o n  fo r  scce of t h e  e a r l i e r  ~ o r k e r s .  

’if.’? t o t a l  i n f l u e n c e  of  w c h  f a c t o r s  is unknoxn,  b u t  ht-al!hy worker e f -  

f e c t s  crea’.e S!4R1s be’.veen 7 0  and 93 dc?pe!nding on t h e  p r e c i s e  Cause of 

d e z l h  and on agr.  I n  cor.$?..t our d a t a  do no t  J u g g e a t  any exces3 of  
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and t h e  pluc.onium was a s s e e d  t o  d i s t r i b u t e  as  follows f o r  the e n t i r e  

p e r i o d  o f  e x p o s u r e :  h0 p e r s e n t  i r .  l u n g ,  30 percent bone ,  20 p e r c e n t  

l i * f e r ,  ar,d 10 Garcent i n  o t h c r  soft t i s s c o s ,  i n c l u d i n g  lymph nodes .  

I n  t h e  sqconl? a p p r o a c h ,  s i m p l i f i e d  scheme of t h e  ICRP l u n g  

nodel ( ' I  ' for  t h e  i n h a l a t i o n  of an i n s a l u b l ?  ( c l a s s  Y) aerosol was 

used .  Th? measured  body b u r d e n  was a s s m e d  t o  have  r e s u l t e d  from a n  

( 1 )  
t h i s  body burde!i waj e v a l u a t e d  fros  t h e  l u n 3  model g i v e n  i n  I C R P  19.  

T h i s  1w.z b u d e n  was used  to estimate t h e  t o t a l  l u n e  dose a s s m i n g  t h a t  

40 pcrce?nt %as e l iaTi : .a ted  i n  t h e  f i r s t  day  and t h e  r e m a i n i n g  G O  p e r c e n t  

23s e l i n i n a t e d  wi th  a 503 d a y  h a l f - l i f e .  The bone end l i v e r  d o s e s  were 

esb.ina',ed by a s s u a i n g  t h a t  45 p e r c e n t  of t h e  body burden  was iP e a c h  

orzari a n 3  :ha', t h e  t i r e  d e l a y s  i n  t r a n s f e r r i n g  t o  t h e s e  organa f ron  t h e  

l12!-,3 i i as  n e g l i g i b l e .  ? h i s  p r o c e d u r e  ~ i v e s  h i g h  v a l u e s  f o r  t h e  t o t a l  

boze and l i * / a r  d o s e s  baca i : se  i t  d o e s  n o t  i n c l u d e  t h e  500 d a y  h a l l - l i i ?  

f o r  t r a z s f e r  Co '.he b1oc.d or  lymph nodes  o r  t h e  lCC0 d a y  h a l f - l i f e  for 

transfer f ro3 '.he lymph ncdes t o  t h e  b lood .  

Dose c a l c u l a t i o n s  by these '.-do methods  t h r o u g h  1376 a r e  s u z a a r i z a d  

i n  T a b l e  4 .  A q u a l i t y  f a c t o r  of 10 was u s e <  t h r o u g h o u t  and a d c s a  

d i s t r i b u t i o n  f ac to r  of 5 ria3 used  for t h e  bcne (53OOe). 

Eva1m' ; ions  of t h e  r i s k  of  ~ X - C S S  c a n c e r s  d e v e l o p i n g  i n  t h i ;  group 

k'crs n a d e  using several con tcm;c ra ry  me thods .  These  ver? ndde for  bo!:? 

t h e  l i f e t i n e  r i 3 k  f r m  expoadre r e c e i v e d  a s  of 1976 and t h e  e x c e s s  

r i s k  a l r  :-id:, p r e s e n t  by 1376. 

Using che risk c o e f f i c i e n t s  d i v e n  i n  t UNSCEAR r e p c r t  ( 1 0) One 

c a n  c a l c u l a t e  a estimate of poterttial l i f s t i a e  e::cc9s ctncer.9 t h a t  may 

9 
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o n c w  as a resu l t  of t h e  r a d i a t i o n  doses  deli*?e?re?.d t o  t h e  organs by 

1576. These r i s k  c o e f f i c i e n t s  and t h e  p o t e n t i a l  e x c e s s  c a n c e r 3  c a l c u -  

la’.ed are lis:?< II; T a b l e  5 .  The UtJSCEEcR r i s k  c o e f f i c i e n t ?  a p e  oxpros- 

s + d  per rzd o f  Lou LET radia’ icki .  For t h e  purpose of t h i s  zaLculc: ion,  

9 rnd of  lcv LET radizticn was c o n s i d e r e d  e q u i v a l e n y  t o  a re3 of  p l c -  

+onium a l p h 3  r a d i a + . i o ? .  

Lung c a n c e r  i s  t h e  p r i n c i p a l  risk i d e n t i f i e d  by t h i s  c a l c u l ? t i G n  

at,d shc-,.~ a ; o s s i S l e  life*.ir;.e expecb,ancy of one r); two e x c e s s  cases .  

A r i s k  h;rto’.tesis of  Gofxan ( ” )  in c i t e d  f r e q u e n t l y  i n  the press 

and i n  expert : e s y : z ~ n y  t o  ass+ss p s s i S 1 . :  ex:-?ss lur,g c a n c e r  in per- 

?on? exposed p l u t o n i c ? .  For weapons gradla plutonim, t h e  ma’.+?ri&l 

present i n  ? h e  Loa A l a s c s  wr’kers, Coinan e q u a t e s  0.059 ;.& ( 3 . 6  nCi) of  

p l u t o n i c 3  i n  t h e  ] l ings of  a c i g a r e t t e  sxok+r t o  one l u n g  c a c c e r ,  kk i l e  

7 . 5 5  ‘ ~ g  (J6j n C i )  i n  la:igs o f  ncrsoukers i s  s a i d  t o  prcduce one lu:!c; 

c z z c e r .  ‘The szokipg h i s t o r i e s  o f  t h e  221’ p i i ’on iun  workars is  k n c v .  

f o r  o7er 79 p e r z e n t  af  t h e s e  s u b j x t s .  ’Po s i r z p l i f y  t h e  prcblem of  

cc,::.piex szoking histories ever periods of  acre t h a n  20 y e a r s ,  scbjects  

were 2211.i3 zIro%+ru c n l y  i f  t h e y  were c u r r e n t  sreokars a s  of 197!l o r  

l a t e r ,  o r  a t  t h e  ti.3.: of d e a t h .  Past snckeru wr-e c l a s s i f i e d  a s  non- 

: : X k d r S  i f  t h r y  s t a t e d  t h e y  had q u i t  making at, t!.e w L , v ~  c f  t h e  l a s t  

h i s t o r y .  Srveral  of tiiese nonsaokers uera one t o  two pack p s r  day 

smkers fcr over  j 3  ye2r3,  or  e s s e n t i a l l y  a l l  :he t i s e  of t h e i r  p l u -  

t c n i m  d e p o s i t i c n s  i n  +.he l u n g .  Tho estinate r e q u i r e d  an e x t r a p o l a t i e n  

f r m  t h e  .tnc;n perc . . :~ t iZ -?  of c u r r e n t  smokers OP a randcn  assi;nr.en> t’7 

tpae r ’ ? r a i n i Z g  s u b ; s C t s  on whom smoking d a t a  i s  not a v a i l a b l e  ye?.  The  

e r r w  cf t h i s  Frocedure is not b e l i e v e d  t o  be : j i g ? i f i c s n t  f C r  this t y F c  

o f  a s t i c a t e .  
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I n  ca lc r i l i ' . ing  t h e  p o s s i b l e  excess c a n c e r s  by  t h i s  method, an ar- 

5itr;r-y 40 p e r c e n t  of !he c u r - . e n t  t o - a l  body d e p o s i t i o n  was c o n s i d e r e d  

t o  be t k e  l ~ n g  b n r t e n .  T h i s  i3 +,he st?e asscnp ' . i cn  of  lung d i ? + r i b i i -  

t i cn  use:?, ~n ob.her e s : i z s t - - ?  2:Juve. Althocgh CoP.,an h a s  i n r l i c a t e d  : k t  

h i s  r i s k  est:i 'ate can be Sased on t h e  p l i i ' . c 3 i c  presen'. i n  '.?is l ~ z g  ir- 

i t i a l l y  af'.ev e x p o s u r e ,  cur c a l c u l a t i o n  uses !he es t imated de:osi+,ion 

of p > - ; : ~ c , i i ~ ~  iq  1975, n e a r l y  25 years a f t e r  exposwe ;n t h e  average f o r  

* h e  g rc -? .  T h e  Life'.irce l u r g  c a n c e r  r i s k  by the Gofz2.n r ,e tkod  ria? l i z -  

i t e d  by '.?.e a u t h c r s  t o  PO r.2t-e tha.1 0r.o canc ' - r  per garson althci:gh 

Go?:?? r'Ce.5 SO) Z F F l j '  SG:k an a r b i t r a r y  li!?i?a',iCn. 

F e r i c d ,  a r i s k  of excess czncers per  rem f c r  cac!: y e a r  is hy;o'.h-?sized 

accordin; ;  t o  *,he linear :on-threshold node1 . Usins  :he a v e r a g e  e x ~ c -  

sure f o r  :k.! S r o u p  ( T a b l e  3)  and the  a*:erage l e n g t h  of exposure, 3s- 
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excess cancer i n  t h e  l u n g ,  bone ,  and l i v e r  by 147b would t o t a l  l e s s  

t h a n  o n e - h a l f  a c a n c e r  f o r  t h e  g r o u p .  

It is  z lso 3f i n ? e : - e s t  to c o n s i d e r  t h e  t i m b e r  of  exces3 l u n g  can-  

cers t h a t  s h o u l d  have  a p p e a r e d  kj. 1976 as  p r e d i s t e d  by t h e  Cofhan r i s k  

For t h i s  purpose  i t  WAS a?sl;!ed t h a t  l m g  c a n c e r  a t  h y p o t h e s i s .  ( 1 1 )  

v a r i o u a  ages  migh t  a p p e a r  p r o p o r t i o n a t e l y  the s z ~ e  i n  t h i s  worker  popu- 

la',ion a s  i n  t h e  g e n e r a l  U.S. p o p u l a t i o n .  The r e s p i r a t o r y  c a n c e r  mor- 

t a l i t y  was t a k e n  f r m  t h e  N a t i o n a l  Center for H e a l t h  S t a t i s t i c s ,  " V i t a l  

f t a t i s t i c s  of  the Uni t ed  S t a t e s ,  1370'' ( ' 2 )  and 1970 p o p u l a t i o n  f i g u r e s  

from t h e  1970 Uni'ed Sta'.rs c e n s u s ( ' 4 )  xere used  t o  estimzte t h e  pe r -  

c e n t a g e  c f  c a n c e r s  $hab, o c c u r  by  age 6 0 ,  bhe a v e r a g e  a g e  of t h e s e  

worke1.s i n  1576. Thes :  d z t a  i n d i c a t e  ?,hat aboiiC 30 p e r c e n t  of  l u n g  

Canr!%r m o r t a l i t y  o c c u r s  oy a g e  60. If o n e  t a k e s  30 p a r c e n ,  of b.he 5 2  

e x ~ e s s  cant ? r s  p r e d i c t e d  b y  t h e  Gofbar, h y p o t h e s i s ,  it. s u g g e s , ~  +.ha*. 

abou t  15 exces3 l u n g  c a n z e r  d e a t h s  s h o u l d  h a v e  o w n  r e g i s t o r e d  i n  t h e  

g roup  of 224 pluL.onlu7 workers a s  o f  1976. The p o s s i b i l i t y  t h a ,  expo-  

sur '?  t c  ?lc: ' .onilz~ accelera 'os  t h e  p r c j p o r t i o n  o f  l u n g  c a n c e r  p r e s e n t  a t  

f o r  ~03~: perscns. is  v a l i d  r o u l d  c a u s e  t h e  c a l c u l a t e d  expec ta+. icn  t o  be 

even  greater t h e n  15 l u n g  c a n c e ? s  b y  1976. 

swc 1 i~ 9 i cq 

The a s t i n a b - i o n  of  thi .  r i s k  of c a n c e r  d e v s l o p n e n t  foll0wir;g p l u t c n -  

i u m  e x p o s u r e  is a n a t t e r  of c o n s i d e . * i b l e  impor t ance  fol* s e t t i n g  expo-  

s u r e  J C a n d a r d s  ar.d o r o p e r  p r o t e c t i o n  of w o r k e r s  and the p u b l i c .  A 

m o r t a l i t y  s t l x i y  of  224 Ln: Alamos w h i t e ,  male worke r s  w i t h  t h e  h i g h e s t  

pa red  t o  a d j u s t e d  r a t e s  of Ktit? males i n  t h e  L 'ni ted S t a t e s  p o p u l a t i c n .  

12 
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t o t a l  would be e x p e c t e d  1r1 t h e  g r o u p  by 1976, a l t h o u h  l i f e t i n e  expe-  

r i e n c e  may carry a p o t e n t i a l  of o n e  or two exct ‘ss  c a n c e r 3  i n  t h e  groclp.  

The m o r t a l i t y  d a t a  i n  s u c h  a s m a l l  grab;:, i?  nc: a d e q u a t e  * o  p r o v e  or  

d i s c r o v e  t h e s e  estimates,  a l t h o u g h  t h e r e  is no SUggeStlCn of any  .:xc939 

d e a , h s  to  d a t e .  

Othei- h y p o t h e s e s  s u g g e s t  t h e  r i s h  due  t o  p l u t o n i u n  i s  much h i g h e ~ .  

s u g g e s t s  t h a t  52 OG: of t h e  2 4 4  p e r s o n s ,  ( 1 1 )  The Cofman risk h y F o t h f : s i s  

or mora t h a n  c n e  o u t  of f i v e ,  G i l l  d..velop l u n g  c a n c e r .  I t  is r.oted 

t h a t  t h e  e x p o s u r e s  occur:*2d n e a r l y  25 years ago o n  t h e  a v e r a g e ,  so a 

r e l a t i v e l y  loqg l a t e ? %  p e r i o d  h a s  a l r e a d y  p a s s e d  w i t h o u t  the d e v e l o p -  

ment 0; e x c e s s  l u n g  c a n c e r s  i n  t h e  g r o u p .  The c a l c u l a t i o n  t h a t  15 ex- 

c r s 9  l ung  c a n c e r  d e a t h s  s h o u l d  h a v e  b e r n  n o t e d  by  1376 i s  b e l i e v e d  t o  

b e  re?.sondble, c o n s e r v a t i v e  i n t e r p r e t a t l o n  of  t h e  Cofman risn hyporh-  

e.qis. The d a t a  i n  t h i 3  s t u d y  s u g g e s t  t h a t  : h i s  hypO?k,eSis s e r i o u s l y  

o v e r e s t i m a t e s  t h e  r i s k  of  l x q  c a n c e r  d u e  t o  p l u t o n i m  e x p o s c i . ? .  

I n  a p p l y i n g  r i s k  estimates,  i t  .seems r e a s o n 7 S l e  t o  expec t  ths: 

p r e d i c t e d  and  g b s e r v e d  excess c a n c e r s  s M u l d  c o r r e l a t e .  Undoub ted ly ,  

r i s k  estimates w i l l  b e  a d j u s t e d  and r e f i n e d  as  mor.? i n f o r o a t i o n  i s  

compi l ed .  R i s k  estimate? G i s n i f i c a n t l y  n i g h e r  t h a n  those p r a d i c t e J  b y  

t h e  UNSCCAS ‘ ? ’ )  reports a r e  n o t  s u p p o r t e d  by t h e  hunan 

l a t a  p r t t s e n t s d  he re .  

a n d  BEIR ( 1 3 )  

A d d i t i o n a l  da:a on u o r k e r s  a t  majcr p1utoi ; iun f a c i l i t i e s  is nos 

b i n &  c o l l e c t d  a t  Los A l a ~ 1 ~ 3 .  It i s  e s t i m a t e d  t h a t  n e a r l y  5002 

vorkars i n  t h e  U n i t e d  S t a t e s  h a v e  had p o ~ i : : v e  measu remen t s  of i n t e r n a l  

d e p o s i t i o n s  rf p l u t o n i n .  A lqrger  number cf p e r s o n s  witt. po :en t i a l  
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DISTRiaUTION OF CUMULATI'JE EXP7SURES 
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0 0.63 

A*:arage gear of e n t r y  

A*;arag+ age of e n t r y  

: 1945.35 

: 24.5a 

To+,nl person-years of survival: 782.40 

I 

Gbs/En!? 

0.47  

0.c3 
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TAELE 2 

3O-YEr.3 I1ORTAtITY IN 224 'n'HITE HALE PtUT0t l IU: l  NORKERS 

Observed 

Average y+ar of e n t r y  : 1 9 4 7 . 4  

Average age of  e n t r y  : 30.9 

Tota l  Fsrson-years of s u r v i v a l :  6205 

WeC'efJ 

61.3 

10.9 

31.8 

3.3 

6.9 

8.4 

0.54 

0.64 

6 . 3 8  

0.92 

1.16 

0.36 
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TARiE 3 

PLUTONIUM EXFCSU3E ON 22’1 

LOS ALAKOS PLUTrJt1I lR ‘rlO.S%ZRS 

b v  i ni?, 

HGbar of workers 191 

Aoeraga Deposition 20 nC1 

Average nCi-year S.ypOsim? 46 1 

88,139 Tc’ai nCi-year Expus*.iri? 
a 

Jk2d 

3 3  

11 r.Ci 

17 1 

5652 

‘S?;m.sd L.c *,/30/76 or  d&:e of d e a t h .  
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TABLE 'J 

TOTAL E S T I Y A T E 3  DOSES IN RE3S TO 224 

LOS F.LAMOS F L K G N 1 U I . I  KORKEKS AS CF 1976 

Tissue Mod i f  i e d  

Analysis ICRP 

Assumptions Model 

!r.?m)- (rem) 

35, eo0 16,300 

26,800 36, Q00 

10,500 211,000 
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FoT->!TiAL L I i ' E T I Y E  EXCESS CANCERS I!l 224 

L:S AL.i:<OS PLUTCIN1U:I KORKERS 

a 
&cess Cancers 

Lung 

?cni: 

L i . d e r  

Total 

50 x 

-ti 2 - 5 x 1 0  

* - 10 x 

0.8 - 1.a 

fJ.a5 - 0.18 

Q , O &  - 0.24 

0.89 - 2.22 

c a l c u l a ' .  ions. 
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TAELS 6 

2.053 

7 . 5 6  

~ 3 . 6  

ui 

5 2 . 2  

:4uzber of firs ' ,  lung  cancers  

c a l c u l a t e 5  t o  o c c u r  b y  1576 25 15 

- 
a 

bT:?e q u a n t i t y  of waa;ons grade p l u t o n i c 3  in t h e  l u n g  t h a t  a q u a t + s  t o  

Grie  lung  c a n c e r  a c c o r d i n g  t o  Gofzan. 

'Gofsan r i s k  +s!imate used *dithout l im. ta ' . i cn  on nl;!ber of Cance r s  

predicted per person. 

dGof-zn risk estizate a r b i t r a r i l y  l i m i t e d  %o a l i f e t i m e  l u n g  Cancer 

risk not  i n  e x c e s s  of  or.? lung c a n c e r  per  person. 

keferesce 1 1 .  
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TAELE 7 

POTENTIAL EXCESS CANCEilS BY 1576 IN 224 

LOS ALkMOS PLUTOIIIUX WORKEHS 

b BEIR R i s k  E x c e s s  Cancers 

Lpr  Year Der re31 bv 1976 

Lung 

Bone 

L i v e r  

T o t a l  

a 

1 . 3  x 1 8  0.02 - 0.3 
0 . 2  x 0 . 0 2  - 0.05 
4.0 o.ol-o.06 

0.05 - 0.41 

a 

e x p o s u r e s .  No BEIR v a l u e  a v a i l a b l e .  

bIianga due t:, d i f f e r e n t  a s s a p t i o n s  used fo r  dose 

c a l c u l a t i o n s ,  and inc l .uds  l a t e n t  p e r i o d s  of both 

10 and 15 y e a r s .  

R i s k  c o e f f i c i e n t  d e r i v e d  by EPA from t h o r o t r a s t  

LANL 
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