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PLUTOPIIUM IN AUTOPSY TISSUE SAMPLES 

I. C.  Nelson, K. R. Heid, P. A. Fuqua, M. D. 
and T. D. MahOny, M. D. 

ABSTRACT 

T i s s u e  samples have been ob ta ined  a t  autopsy from former 

plutonium workers, other empLoyeer and r e s i d e n t 8  i n  the e n v i r a n s  

of t h e  Hanford A t o m i c  Project since 1949. These ramplss, which 

inc luded  ~UIL’J ,  liver, bone, sometl.mes t .racheobranchia1 lymph 

nodes,  and o c c a s i o n a l l y  other t i e s u e  samples, were analyzed 

rad iochemica l ly  for plutonium. Data ob ta ined  s i n c e  1965 and 

a r e c a p i t u l a t i o n  of r e s u l t s  sirrca 1949 are presented .  

cusa ion  of these r e s u l t s  re la t ive to  plutonium work exposure 

and plutonium from worldwide fallout is also presented .  

A dis-  
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PLUTONXUM IN AUlQPSY TISSUE SAMPLES 

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

A program of c o l l e c t i o n  and r a d i o a n a l y s i s  of t i s s u e  samples 

ob ta ined  postmortem from p l a n t  workers and r e s i d e n t s  i n  the plant  

envi rons  has  been maintained a t  Hanford s i n c e  1949. The signifi- 

cance of this effort  l ies p r i m a r i l y  i n  developing the c a p a b i l i t y  

for a s s e s s i n g  the overall  long-term e f f e c t i v e n e s s  of o p e r a t i n g  

c o n t r o l s ,  s a f e t y  procedures  and engineer ing  sa fegua rds  i n c o r p o r a t e J  

i n t o  plutonium faci l i t ies  which c o n t r o l  the release of r a d i o a c t i v e  

m a t e r i a l s  to the Hanford envi rona .  The data ob ta ined  i n  this 

program can also be impor tan t  f o r  a r r e a r i n g  the overal l  impact 

of occupa t iona l  exposure on workers and e v a l u a t i n g  the a p p l i c a b i l i t y  

of i n t e r n a l  d e p o s i t i o n  p r e d i c t i o n  model8 through c o r r e l a t i o n  of 

expoaura c o n d i t i o n s  and r e s u l t i n g  body burdens.  I n  a d d i t i o n  ruch 

d a t a  may p e r m i t  aarer rment  of porrible c a u r a t i v e  arrociathon o f  

r a d i o a c t i v e  materials -- i n  s i t u  and obrerved p a t h o l o g i c a l  cond i t iona  

i n  cases  involv ing  large a m ~ ~ -  of r a d i o a c t i v e  material. 

Reaultu ob ta ined  i n  t h i 8  program through e a r l y  1965 were 

r ~ r i r e d  by Newton,  e t  a l .  (1967).  It is the  purpose of thir  

paper to  update  thore program r e r u l t r  f o r  selected t h r u e  sampler 

from t h e  approximately 350 carer obtained s i n c e  pxogran; i ncep t ion .  

Program Derc r ip t ion  

. A t  p re ren t ,  t iamus 8ampl.r ob ta ined  c o n r i r t  o f  p o r t i o n s  

of lung,  l i v e r ,  bone and t h e  t r achoobronch ia l  lymph node8 f r o m  
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non-contagaous disease au topsy  cases as solected by the pathologist-  

I n  a d d i t i o n ,  blood, panc reas ,  prostate, seminal  vesicles m d  

o c c a s i o n a l l y  s p l e e n  samples have been taken.  Because of t h e  in-  

frequency of measurable  plutonium i n  these samples, t hey  are no 

l o n g e r  ob ta ined  on a r o u t i n e  basis .  I n  cases where s i g n i f i c a n t l y  

measurable plutonium w a s  a n t i c i p a t e d  because of known occupa t iona l  

exposure ,  the sampling of t i s s u e s  h a s  been more ex tens ive .  

Sample sizes have v a r i e d  over t h e  y e a r s ,  b u t  l a rge  samples 

are now sought  in an e f f o r t  to  improve the s e n s i t i v i t y  of t h e  

measurement and t o  improve conf idence  i n  estimates o f  whole organ  

c o n t e n t  where non-uniform d i s t r i b u t i o n s  o f  plutonium w i t h i n  t h e  organ 

may e x i s t .  When p r a c t i c a l ,  the l e f t  lung and approximately 200 grams 

of l i v e r  and 100 grams of bone aro taken  f o x  r a d i o a n a l y s i s .  Bone 

samples u s u a l l y  c o n s i s t  of sternum a l though  r i b  and vertebra have 

been sampled also. A l l  prominent t r acheobronch ia l  lymph nodes i n  

t h e  v i c i n i t y  of the c a r i n a  are ramplod r o u t i n e l y .  

Samples a r e  d r y  ashed and then brought  i n t o  s o l u t i o n  w i t h  

n i t r i c  acid.  

a m u n t s  of minera l  sa l t88  bono sampler are u s u a l l y  taken  i n t o  

s o l u t i o n  and e p o r t i o n  is parsod through an  ion  exchange column 

and f i n a l l y  through the remainder of t h e  process .  O the r  t i r s u e  

Samples are proceraed  i n  t o t a l .  

lanthanum f l u o r i d e  c o p r e c i p i t a t i o n ,  TTA (thenoyltrifluoroacstone) 

e x t r a c t i o n  and prepared f o r  count ing  by o l e c t r o d e p o s i t i o n  on 

Because of probloms a r s o c i a t e d  w i t h  r e l a t i v e l y  l a r g e  

The plutonium is isolated by 
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s t a i n l e s s  s teel  d i s k s .  The f i n a l  p r e p a r a t i o n  may be counted 

e l e c t r o n i c a l l y  f o r  a lpha  p a r t i c l e s  i f  s u f f i c i e n t  plutonium is p r e s e n t  

o r  analyzed by autoradiography and a lpha  t r a c k  count ing  a f t e r  t h e  

method of  Schwendiman, Healy and Reid (1951) f o r  i nc reased  measure- 

ment s e n s i t i v i t y .  Although r e p o r t i n g  i s  u s u a l l y  g iven  i n  terms 

0 2  plutonium-239, t h e  process  y i e l d s  t o t a l  plutonium a lpha .  

Detection c a p a b i l i t i e s  f o r  plutonium i n  t i s s u e  samples have 

v a r i e d  over t h e  y e a r s  and have been p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  

a lpha  t r a c k s  i n  t h e  f i l m  emulsion due t o  background sources .  P r i o r  

to  1954, t h e  d e t e c t a b l e  amount o f  plutonium was nominally taken  

t o  be  0.3 d i s i n t e g r a t i o n s  p e r  minute (d/m) or about 0.1 p i c o c u r i e s  

pCi - 1 0 ° 2 C i )  . 
per sample w a s  used. During the pe r iod  1958 through 1964, 0.025 d/m 

per sample waa cons idered  detectable. S ince  t h a t  t ime a nominal 

minimum r e b o r t i n u  l i m i t  of 0.05 d/m per sample has  been adopted. 

From 1954 t o  1958 a d e t e c t i o n  l i m i t  of 0.05 d/m 

Resu l t s  and Discussion 

Ana ly t i ca l  r e s u l t e  f o r  samples ob ta ined  through l a t e  1970 
I 

a r e  appended i n  d e t a i l  f o r  lung,  l i ve r ,  bone and t r acheobronch ia l  

lymph nodes. 

had a h i s t o r y  of employment i n  Hanford plutonium f a c i l i t i e s ,  o t h e r  

Hanford ampLoyment, w a s  a l o c a l  r e r i d e n t  f o r  more than  threa y e a r s ,  

o r  waa a l o c a l  res ident  f o r  less than  t h r e e  y e a r s  or  was (I non- 

r e s i d e n t .  

Cases a r e  asgrogatad  accord ing  t o  whether t h e  i n d i v i d u a l  

Those having had a h i s t o r y  o f  employment i n  Hanford 
Q O  f 2 5 2 0  
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p lu ton iun  fac i l i t i es  are e lsewhere  i n  t h i s  paper ,  a l so  referred 

to  a s  Plutonium Workers. I n  r e a l i t y  t h i s  group inc ludes  those 

having a s i g n i f i c a n t  p o t e n t i a l  for exposure t o  plutonium such a s  

process  operators, maintenance personnel  and r a d i a t i o n  mon i to r s ,  

and i n  a d d i t i o n  i n c l u d e s  patrolmen, eng inee r s ,  o f f ice  w o r k e r s  

and others engaTed i n  non-plutonium work who n e v e r t h e l e s s  had 

access  to  the plutonium f a c i l i t i e s  and could  have been exposed 

t o  plutonium a e r o s o l s .  

Deta i led  w o r k  h is tor ies  inc lud ing  i n c i d e n t s  of known exposure 

t o  plutonium and r e s u l t s  of bioassa). sampling are a v a i l a b l e  f o r  

many of t h e  plutonium worke r s .  As o l d e r  and sometimes vague work 

his tor ies  con t inue  to  be i n v e s t i g a t e d ,  it is  possible t h a t  a few 

i n d i v i d u a l s  may be r e c l a s s i f i e d .  I t  may a l s o  be  neLessary t o  re- 

c l a s s i f y  some non-occupat ional ly  exposed i n d i v i d u a l s  i f  i nves t i -  

g a t i o n  r e v e a l s  e a r l y  Hanford employment. 

i n  r e c e n t  y e a r s  has g r e a t l y  s i m p l i f i e d  t h e  s e a r c h  for  evidence of 

Hanford employment. I n v e s t i g a t i o n  f o r  possible employment p r i o r  t o  

that time is  l abor ious .  

Computerized record  keeping 

S i n c e  only p o r t i o n s  of organs were sampled and i n  most cases  

t h e  e n t i r e  organ was n o t  weighed, 

r i a t e  t o  report t h e  r e s u l t s  of the r a d i o a n a l y s i s  i n  terms of concen- 

t r a t i o n s  of plutonium i n  t i s s u e s ,  i . e . ,  femto c u r i e s  (fci = I O - ~ ~ C ~ )  

239Pu/gram, t han  i n  terms of a c t i v i t y  per sample, Sample w e i g h t s  were 

it was conr idered  more approp- 

0 0 1 2 5 2 1  
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I ob ta ined  5y weighing the f rozen  specimens af ter  thawing. Although 

imprecise due t o  d i f f e r e n c e s  i n  organ weights among i n d i v i d u a l s  and 

other factors ,  the u s e  of s t a n d a r d  man organ weights  and the re- 

ported c o n c e n t r a t i o n s  permit some i n d i c a t i o n  of p l a u s i b l e  t o t a l  

organ burdens . 
The appended data  r e v e a l  a large number of small positive 

resu l t s ,  a larger number of  v a l u e s  reportable only  as less than some 

v a r i a b l e  amount and a f e w  l a r g e r  measured va lues .  While a l a r g e  

number of  small o r  n o t  s i g n i f i c a n t l y  measurable r e s u l t s  s u p p o r t  a 

conclus ion  Qf adequate  c o n t r o l s  on releases of plutonium, they  are 

cumbersome t o  summarize and p r e s e n t  adequate ly .  F u r t h e r ,  d i v i s i o n  of 

t h e  a n a l y t i c a l  r e s u l t s  by h i g h l y  v a r i a b l e  sample weight8 results i n  

r e p o r t e d  va lues  w i t h  a p p a r e c t l y  g r o s s l y  d i f f e r e n t  d e t a c t i o n  l i m i t s .  

I n  order to  s i m p l i f y  t h e  p r e s e n t a t i o n  ob d a t a ,  certain case8 have 

been selected for t a b u l a t i o n  i n  the body of this r e p o r t .  

were inc luded  i f  the sample weight  had been measured and i f  one of  

t he  t i s s u e  sample a n a l y s e s  was g r e a t e r  than an a r b i t r a r i l y  selected 

S f C i  Pu/gra. A n a l y t i c a l  results f i t t i n g  those cr i ter ia  for data 

r educ t ion  are p resen ted  i n  T a b l e s  I and 11. There, cases have been 

c a t e g o r i z e d  a s  t o  Plutonium Workers, O t h e r  Hanford Workers, Local 

Residents  and Non-Residents. No a c t i v i t y  e n t r y  i n d i c a t e s  t h a t  no 

sample w a s  t aken .  I t  may be noted  t h a t  a s u s t a i n e d  c o n c e n t r a t i o n  

o f  5fCi  Pulgram i n  s o f t  t i s s u e  w i l l  r e n u l t  i n  a c a l c u l a t e d  dose  of 

Such cases 

! about  5 mrem/year t o  t h a t  t i s s u e  and the same c o n c e n t r a t i o n  of Pu 

i n  bone w i l l  r e s u l t  i n  a c a l c u l a t e d  dose of about  25 mrem/year to  bone. 

00 I 2 5 2 2  
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T a b l e  I r e v e a l s  t h a t  there w e r e  1 6  cases o u t  of 160 or 

10 p e r c e n t  of t h e  occupat ional ly-exposed i n d i v i d u a l s  having a t  

l eas t  o n e  t i s s u e  sample for  which a c o n c e n t r a t i o n  of 5fCi/Pu gram 

WAS measured. O f  the  1 6  occupat ional ly-exposed i n d i v i d u a l s ,  one- 

half had no confirmed exposure t o  plutonium. 

i n t o  w o r k  h i s to r i e s  f o r  these i n d i v i d u a l s  may reveal a p o t e n t i a l  

for  exposure t o  p l u t o n i u i  n o t  p r e s e n t l y  known. 

l a b o r a t o r y  contaminat ion could  p o s s i b l y  account  f o r  some posi t ive 

r e s u l t s .  

F u r t h e r  i n v e s t i g a t i o n  

Unrecognized 

I t  is n o t  cons ide red  l i k e l y  that  these r e s u l t s  are due 

t o  f a l l o u t  from weapons 

expec ted  c o n c e n t r a t i o n s  

than  0 . 5  f C i  Pu/gram as 

t e s t i n g  s i n c e  f o r  t h e  p e r i o d  of  i n t e r e s t ,  

of  plutonium i n  lung would amount t o  less 

c a l c u l a t e d  by Newton, e t  a l .  (1967).  The 

conspicuously l a r g e  r e s u l t s  f o r  Case H l O O  w i l i  be  d i s c u s s e d  la ter .  

As shown i n  T a b l e  11, t h e r e  were 1 3  i n d i v i d u a l s  o u t  of 193 

having no known occupa t iona l  expbsure to  plutonium for whom a con- 

c e n t r a t i o n  of 5 fCi/gram o r  more i n  a t  l eas t  one t i s s u e  sample is 

reported. Again, it i s  possible t h a t  some o f  these i n d i v i d u a l s  

w i l l  be shown e v e n t u a l l y  t o  have worked i n  a plutonium f a c i l i t y  a t  

some t i m e .  

ments of plutonium i n  bone, assuming t h a t  these i n d i v i d u a l s  were 

indeed n o t  expcsed t o  occupa t iona l  sou rces  of plutonium is  unknown. 

Contamination of t h e  samples may be i n d i c a t e d ,  s i n c e  t h e  f o u r  results 

reported f o r  1967  were a l l  processed  on t h e  same slide a t  the same 

t i m e  . 

The reason  for t h e  r e l a t i v e l y  f r e q u e n t  p o s i t i v e  measure- 

00 I 2 5 2 5  



CONCENTRATIONS OF PLUTONIUM I N  SELECTED 

TISSUE SAMPLES FROM CASE H l O O  

Fresh  
T i s s u e  A c t i v i t y -  f C i / 2  W t . - Q  

Ca r ina  lymph node 

I n t r a  pulmonary lymph nodes 

H i l a r  lymph nodes, r i g h t  

Other  t racheobronchia l  lymph 
nodes and a d j a c e n t  connective 
t i s sue  

P l e u r a  and sub-pleura l e f t  lung  

Vertebrae (lumbar) 

Hepat ic  lymph node 

R i b  

L i v e r  

Parenchyma l e f t  l ung  

*Formalin f ixed weight  

6 1  , 000 

20,000 

12 , 000 

2,400 

1.10 

2.2 

1 . 2  

1.44 

520 148* 

340 103.7 

180 2.2 

99 113.3 

42  2S9.3 

8.8  562* 
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C a s e  H l O O  is  unique i n  t h a t  it r e p r e s e n t s  the first case f o r  

which s i g n i f i c a n t l y  measurable amounts of plutonium w e r e  a n t i c i p a t e d  

and a thorough sampling w a s  undertaken. 

x i th  long-term expe r i ence  i n  plutonium fac i l i t i es  and the 

i n d i v i d u a l  w a s  involved  i n  a number o f  i n c i d e n t s  i nvo lv ing  exposure 

t o  plutonium or t o  the p o t e n t i a l  f o r  exposure.  

a detailed work h i s t o r y ,  oons ide rab le  b ioassay  data e x i s t  f o r  

this i n d i v i d u a l .  Because of the e x t e n s i v e  work h i s t o r y  of t h i s  

case, a much more d e t a i l e d  a n a l y s i s  w i l l  be made of  exposure,  

b ioas say  r e s u l t s  and u l t i m a t e  body burden a m  presen ted  elsewhere. 

Only a few h i g h l i g h t s  of t h i s  case w i l l  be  p re sen ted  h e r e  for 

comparison 

This case is associated 

I n  a d d i t i o n  t o  

The d a t a  for  Case H l O O  as p resen ted  i n  t h e  appendix and i n  

Table  I have been manipulated t o  conform t o  t h e  same r e p o r t i n g  

method of t h e  other  cases. Some p e r t i n e n t  d e t a i l e d  d a t a  for  t h i s  

case are also p resen ted  i n  Table  111. There t h e  c o n c e n t r a t i o n s  of 

plutonium i n  v a r i o u s  t i s s u e  samples are p resen ted  i n  descending 

o r d e r  o f  concen t r a t ion .  A t  least  i n  terms of  t o t a l  plutonium per 

gram of t i s s u e ,  t h e  importance of t h e  lymph nodes i n  an autopsy sampling 

program is s t r i k i n g l y  confirmed i n  t h i s  case. Based on t h e s e  r e s u l t s ,  

plutonium occurs  in r e l a t i v e l y  small amounts i n  t h e  lung parenchyma. The 

importance of  lung and l i v e r  samples,  hawaver, is s u b s t a n t i a t e d  

i n  T a b l e  I where s i g n i f i c a n t l y  measurable q u a n t i t i e s  o f  plutonium 

i n  these t i s s u e s  occur  f r e q u e n t l y .  P o s i t i v e  measurements found 

i n  t h e  usua l  lung samples may be due to  t h e  presence  o f  plutonium 

i n  t h e  pulmonary lymph no&s,  which are n o t  u s u a l l y  removed and 

00 1 2 5 2 1  
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analyzed s e p a r a t e l y .  

and/or bone, b u t  w i thou t  measurable  plutonium i n  the l u g  O r  

t r acheobronch ia l  lymph nodes,  is sugges ted  as due t o  e n t r y  v ia  

contaminated puncture  wounds or l a c e r a t i o n s .  

The occurrence  o f  plutonium i n  the l i v e r  

Except for  Case H100, the on ly  case for  which the b ioassay  

program w a s  found to  y i e l d  posi t ive r e s u l t s  w a s  Case 5362.  As re- 

ported by Newton, e t  al. (19671, three p o s i t i v e  u r i n e  ana lyses  f o r  

plutonium w e r e  ob ta ined  for this i n d i v i d u a l  (Case #28 /532  i n  t h a t  

work)  which sugges ted  a body burden of 0.4  nanocur ie  (nCi - 10-9Ci) .  

They a l so  reported t h a t ,  based on autopsy r e s u l t s ,  t h e  i n d i v i d u a l ' s  

t o t a l  body burden w a s  c a l c u l a t e d  t o  be less than  0.06 nCi. The 

in f requency  wi th  which occupat iona l ly-exposed  cases having a r eco rd  

of posi t ive b ioassay  r e s u l t s  are ob ta ined  emphasizes t h e  h p o r t a c @  

of maximizing t h e  number of autopsy cases sampled and t h e  need to 

main ta in  such  a program over many yea r s .  
Using s t a n d a r d  man parameters  and 0.02  d / m  plutonium/lO 3 

Cu. f t .  of a i r  as r e p r e s e n t a t i v e  o f  plutonium i n  a i r  due t o  f a l l o u t ,  

Newton, e t  a l .  (1967) c a l c u l a t e d  a lung  burden of 1 d/m f o r  con- 

t i nuous  i n h a l a t i o n .  An a i r b o r n e  c o n c e n t r a t i o n  o f  0 .02  d/m 10 3 Cu. 

f t .  is e q u i v a l e n t  t o  about  350 a t t o c u r i e s  ( a C i  - 1 0 ° l * C i ) / m  3 

i n  a i r  and i n  l a t e  1970 w a s  on t h e  order of 50 a C i / m  3 accord ing  to 

F a l l o u t  s i n c e  1964  h a s  tended toward smaller va lues  of plutonium 

the Environmental  P r o t e c t i o n  Agency (1971) .  AB a r e s u l t  of this 

d e c l i n e ,  no new c a l c u l a t i o n  O f  expec ted  lung  burden was Mde and 

a much rounded concen t r a t ion  of 0 . 5  fci Pu/g of lung is  t aken  

as a t t r i b u t a b l e  t o  f a l l o u t .  Although t h i s  v a l u e  is n o t  s i g n i f i c a n t  

i n  terms of the da ta  of Table  I ,  many of t h e  appended r e s u l t s  are 

w i t h i n  an order of magnitude of this value .  
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The t w o  p r i n c i p a l  r o u t e s  for o c c u p a t i o n a l  exposure  t o  plutonium 

are i n h a l a t i o n  of plutonium aerosols and a b s o r p t i o n  o f  plutonium 

through contaminated wounds. 

measurable  c o n c e n t r a t i o n s  of plutonium, as  sugges t ed  by the 

animal e x p e r b e n t s  of P a r k ,  B a i r  and Busch (1971) ,  may be expec ted  

i n  t h e  t r acheobronch ia l  lymph nodes and lesser c o n c e n t r a t i o n s  

i n  lung, l i v e r  ar,d bone, r e s p e c t i v e l y ,  when the aerosol ~ 0 n S i S t 8  

l a r g e l y  of r e l a t i v e l y  i n s o l u b l e  plutonium d i o x i d e  p a r t i c l e s .  I n  

t h e  case of a predominant ly  plutoni-an n i t r a t e  aerosol, concentrat:or.s 

of plutonium of n e a r l y  equal amounts would be expec ted  i n  lungs  and 

t r acheobronch ia l  lymph nodes,  fol lowed by smaller c o n c e n t r a t i o n s  

In the former case, s i g n i f i c a n t l y  

i n  l i v e r  and bone, r e s p e c t i v e l y ,  as sugges ted  by r e s u l t s  of 

plutonium a n a l y s i s  made on t i s s u e s  from animals  s a c r i f i c e d  30 days  

a f t e r  exposure as r e p o r t e d  by Bai r ,  Willard, Harr ing  and George ( 1 9 6 2 ) .  

Resu l t s  o f  plutonium a n a l y s i s  of tissues from animals  S a c r i f i c e d  

100-300 days a f t e r  exposure  t o  a plutonium n i t r a t e  aerosol. as reported 

by Park,  Bair and Howard (1967) a g a i n  s u g g e s t  c o n c e n t r a t i o n s  of 

of plutonium predominaiitly i n  the t r a c h e o b r o n c h i a l  lymph nodes and 

lesser c o n c e n t r a t i o n s  i n  ' l ung , l i ve r  and bone, r e s p e c t i v e l y .  

S i m i l a r l y ,  i n  c a s e  o f  plutonium wounds w i t h  plutonium n i t r a t e - l i k e  

m a t e r i a l ,  i n t r avenous  i n j e c t i o n  of plutonium n i t r a t e  in dogs s u g g e s t s  

t h a t  l i v e r  and s p l e e n  c o n t a i n  t h e  l a r g e s t c o n c e n t r a t i o n s  o f  plutonium 

followed by t r acheobronch ia l  lymph nodes,  bone and lung r e s p e c t i v e l y .  

Because an i n d i v i d u a l  may be exposed t o  d i f f e r e n t  compounds and 

d i f f e r e n t  modes of i n t a k e  and a t  d i f f e r e n t  times d u r i n g  h i s  work 

expe r i ence ,  i t  is  not s u r p r i s i n g  tha t  t h e  order of w n c e n t r a t i o n  of 

plutonium i n  t i s s u e  as  sugges t ed  by animal experiments  is followed i n  

o n l y  a few human cases. 0 0  t 2 5 2 9  
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i 

! 
The number o f  cases appended amounts to abou t  one- th i rd  I 

of the t o t a l  a u t o p s i e s  performed a t  Kadlec Hospital du r ing  the 

per iod  1949 to 1970. As s t a t e d ,  sample8 were taken  from cases 
i 
I 

n o t  ev idencing  contageous d i s e a s e s  and excep t  i n  isolated i n s t a n c e s ,  
/ 

sampled cases d id  n o t  i n c l u d e  c h i l d r e n  and d i d  n o t  i nc lude  i n f a n t s  

o r  s t i l l b o r n s .  

w a s  s m a l l  and on an annual basis t h e  f r a c t i o n  of autopsy cases 

For several y e a r s  the number of i n d i v i d u a l s  sampled 

i 

sampled was a t  times much l e a s  than  one- th i rd .  

sampling b i a s e s ,  t h e  f a c t  t h a t  s e l e c t i o n  from au tops i ed  cases it- 

s e l f  i n t roduces  a s t a t i s t  

Because of  t h e s e  

i 
r 
; 

:a1 sampling bias and s i n c e  the cause of 

dea ths  for a l l  t h o s e  dying l o c a l l y  s i n c e  1949 is  n o t  p r e s e n t l y  i n  

hand, development o f  d i s e a s e  inc idence  rates f o r  comparison w i t h  

n a t i o n a l l y  obta ined  rates was cons idered  t o  be an i n a p p r o p r i a t e  

use of these d a t a .  

i 

A mta t imt i ca l  a n a l y s i s  was, h w e v e r ,  made o f  the relative i n c i -  
1, dence of lung cance r  ba6ad on t h e  20-year sampling r e s u l t s  f o r  males among : 
I 
/ the four  c a t e g o r i e s  of i n d i v i d u a l s  sampled. R e s u l t s  o f  t h a t  a n a l y s i s  

i n d i c a t e d  t h a t  t h e r e  w a s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  inc idence  r a t e s  for lung cancer  among a l l  Hanford mPloYe@sr 

local  r e s i d e n t s  and non-res idents .  Comparison of the inc idence  

1 
I 

' :  

rate of l u n g  cancer  for i n d i v i d u a l s  i n  t h e  Plutonium Worker ca tegory  

and i n d i v i d u a l s  i n  t h e  O t h e r  Hanford Ehployment ca tegory  r evea led  
I ;  I 

i 
I :  

1 
t h a t ,  s t a t i s t i c a l l y ,  t h e  inc idence  r a t e  for  the Plutonium Worker 

category was most l i k e l y  less than t h a t  of t h e  O t h e x  Hanford Rnploy- 

m e n t  category. 

cancer ,  and because of t h e  small number of cases compared, the l ack  of 

1 

i I n  view of t h e  appa ren t ly  complex e t i o l o g y  of lung 

(i 
00 f 2 5 3 0  

I 
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knowledge of smoking habits among individuals sampled, and other 

vagaries of the analysis, judgement on the significance of this 

result is deferred pending further collection of data and study. 

Conclur ions 

The reported measurements of plutonium in tissue samples 

obtained at autopsy from former Hanford employees and residents 

in the plant environs continue to demnstrate that while for 

some workers measurable plutonium does occur in the body, the 

majority of workers and residentm have not received significantly 

measurable amounts of plutonium. In no case was plutonium found 

in tissue samples in an amount that would suggest an annual dome 

to the tissue exceeding the recomnondstion of the National Council 

on Radiation Protection and Msasuremntr (1971) of 15 rem/yr to 

specific organs for those occupationally exposed and 0.5 rem/yr 

to non-occupationally exposed individuals in the general populatioi-.. 

In cases of significant occupational exporure to plutonium, 

the results of analyses at autopry dramatically identify preferential 

sites of plutonium retention in the body and provide a basis for 

evaluating the precision of bioasray and -- in vivo counting an tools 

for  estimating amounts of plutonium internally deposited. 
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