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t h a t  r e g i o n  and  i s  o n l y  a small p a r t  o f  t h e  t o t a l  l y z p h  n o d e  mass  a s s o c i i t e d  
u i t h  t h e  r e s p i r a t o r y  t r a c t .  I n  s o n e  ca ses ,  a d n e x a l  t i s s u e  a s s a c i a t e s  ~ 5 t h  t h y  
lymph n o d e s  i s  i n c l u d e d  i n  t h e  a n a l y s i s  t h u s  a d d i n g  a n  uncer:aincy t o  t h e  r e a l  
w e i g h t  o f  t h e  l p p h  node a n d  c o n s e q u e n t l y  t h e  u ran ium c o n c e n t r a t i o n .  

Bone. Bone s a m p l e s  zre n o r n a l l y  wedges f rom t h e  4 ~ h  and 5 t h  lumbar  ver- 
t e b r a e ;  r i b s  and  s t e r n u m  a r e  o c c a s i o n a l l y  o b t a i n e d .  The bone  w e i g h t s  i n c l u d e  
o n l y  a small  amount o f  a d n e x a l  t i s s u e .  The marrow i s  i n c l u d e d  i n  a l l  bone  
s a m p l e s  a n a l y z e d  u n l e s s  s p e c i f i e d .  Each bone  sample  i s  a n a l y z e d  s e p a r a t e l y  
and  i d e n t i f i e d .  

11. ANALYTICAL PROCEDL;?,E 

A .  Method 

1. Each t i s s u e  i s  p l a c e d  i n  a n  a p p r o p r i a t e l y  s i z e d  vesse l  f o r  d r y  a s h i n g .  
The  l i v e r  a n d  l u n g  are  p l a c e d  i n  p o r c e l a i n  e v a p o r a t i n g  d i s h o s  and  t h e  o t h * r  
t i s s u e s  a r e  pLaced i n  P y r e x  b e a k e r s  o f  a p p r o p r i a t e  s i z e s .  

r ec t  h e a t i n g  of t h e  v e s s e l .  The  t e m p z r a t u r e - p r o g r a n e 6  m u f f l a  f u r n e c e  i s  
o p e r a t e d  f r o n  200 t o  j O O ” C ,  r e a c h i n g  maximum t e m p e r a i u r e  i n  2 5  h .  
are m a i n t a i n e d  a t  500°C f o r  24  h. 

a 300-cm3 b e a k e r .  The a s h i n g  l i v e r  and  l u n g  d i s h e s  a r e  t h o r o u g h l y  :cashed u i t h  
2 3  HNO2. The w a s h i n g s  a r e  combined K i t h  t h e i r  r e s p e c t i v e  r e s i d u e s  a n a  e v a ? o r -  
a t e d  t o  d r y n e s s .  O t h e r  a s h e d  t i s s u e s  do  n o t  r s q u i r e  t r a n s f e r r i n g  and  a r e  han-  
d l e d  d i r e c z l y  i n  t h e i r  r e s p e c t i v s  b e a k e r s .  

4 .  Each r e s i d s ?  is  h e a t e d  r z p e a t e d l y  t;i:h HXO3 an:! HF u;-..ti? IC i s  w h i c c .  
From 1965  t o  1 9 7 1 ,  50Z H;Cz vas u s e d  i n  conjunc: ion wich  t h e  HSO; t o  s p e e d  t h e  
a s h i n g  p r o c e s s .  The u s e  o f  t h i s  r e a g s n t  vas d i s c o n t i n u e d  b e c a u s z  o f  t h e  h i g i  
r .e ta l  c o n t e n t  F r e s e 5 t  a s  r h e  s t z b i l i z i n g  a g e n t  a n d  o n l y  30X u n s : a b i l i z e d  F:Q> 
i s  now emp:o;ied. E x c e s s  I1F i s  r e i o v e d  by r e p e a t e d  e v r p s r a t i o n  wirh HS03.  

v o l u m e t r i c  f l a s k .  Except  f o r  a x  o c c a s i o n a l  l a n g  and  bone  s a m p l e ,  t h e  p r o c e -  
d u r e  b r i n g s  a b o u t  c o m p l e t e  d i s s o l u t i o n  of t h e  r e s i d u e .  The f o l l o w i n g  vo lumes  
a r e  n o r m a l l y  u s e d  t o  s tore  e a c h  sample  p r i o r  t o  a n a l y s i s :  

2 .  The s a m p l e s  are  p l a c e d  on s h e l v e s  i n  a m u f f l e  f u r n a c e  t o  p r e - ~ e n t  d i -  

The sainples 

3 .  A f t e r  t h e  sample  c o o l s  i n  :he f u r n a c e ,  t h e  r e s i d u e  i s  t r a n s f e r r e d  t o  

5. Each r e s i d u e  i s  f i n a l l y  d i s s o l v e d  i n  2 5  EX03 and t r a n s f e r r e d  t o  2 

L i v e r  100o- in3 . Lymph ?:odes . 5 0 - c a 3  
L u n g  1oc)c)-cz? SOXcl 2 5 0 - c a ’  
7 , :  I.. i 2 n e  1: 103-crln) 

6 .  Each s a x 7 1 2  i s  mixed ~ ~ 1 1  and  s t o r e d  a t  <?13C ? 2 n ? L n ~  azalyses O F  
g r o c p s  o f  sanples fc.r u r a n i u n ,  ? l u t o n l u m  o r  a :her  n u c l i d e s .  

B .  Kornal Uranium D z t e r - i n a t i c n  

1. A 0 . 1  cm3 a l i q u o t  of e a c h  t i s s u e  s o l u t i o n  i s  t r a n s f e r r r d  t o  D p l a t i n -  
u n  d i s h .  T h i s  s o l u t i o n  i s  e v a p o r a t e d  t o  d r y n e s s ,  f u s e d  w i t h  sod ium f l u o r i d e  
c m t a i n i n g  2 %  l i t h i u m  f l u o r i d e  and  t h e  u ran ium f l u o r e s c e n c e  n e a s z r e d  i n  a 
m o d i f i e d  J a r r e l  Ash f l u o r o m e t e r .  T h r e e  d e t e r m i n a t i c n s  a r 2  mads on e a c h  s o l u -  
t i s n .  T h e  method h a s  a d e q u a t e  s e n s i t l v i t y  ( 5  > g / l i t e r ) ,  b u t  h a s  poor p r e c i -  
s i o n .  The r e c o v 2 r y  o f  u r a n i u m  ( X  : l a )  from 5 C O  g o f  s p i k e d  b e e f  l i v e r  is 
shown i n  T a b l e  1. 



c 

C .  R a d i o m e t r i c  Xet5od 

:;hen i t  is kno\.n t h a t  sarr.ples o r i g i n a t e d  f rom a f o r m e r  u r a n i u m  worker ex- 
p o s e d  t D  e n r i c h e d  u r a n i u m ,  o r ,  t h e  g r a v i m e t r i c  r e t h o d  i n d i c a t e d  a n  e s p c s u r e  : c  
u r a n i u m ,  t h e  s a m p l e s  a r e  a n a l y z e d  r a d i c x 2 t r i c a l l > ;  t h e  u r z n i u n  is i s o l a t e d  by 
a n i o n  e x c h a n g e ,  e i e c t r o p l a t e d  and  c o u n t e d  by a l p h a  culse h e i g h t  a n a l y s i s  u s i r g  
- 3 d ~  a n  i n t e r n a l  t r a c e r .  

111. BIOASSAY SA!lPLISG O F  EHTLOYZES POTEXTIALLY EXTCSED TO URASlL?l 

A .  R o u t i n e  U r i n e  S a m p l i n g  P rogram:  

The r o u t i n e  u r i n e  s a m p l i n g  p r o g r a m  f o r  b o t h  no rms1  ( g r a v i m e t r i c )  and  f o r  
e n r i c h e d  ( i a d i o a e t r i c )  u r a n i u m  h a s  v a r i e d  c o n s i d e r a s l y  d e p e n d i n g  on C ~ S  work 
l o a d  x i t h i n  :he u r a n i u n  work are25 a t  t h c  l a b o r a t o r y .  I n  mosi s t u d i e s  OR t h e  
s u r u z i l l a n c e  o f  e x p o s u r e ,  a b i -week ly  sampl i r?g  schedu l - .  is fol1oL:ed. h t  il 
1 9 7 2 ,  u r i n e  s a m p l e s  were c o l l e c t e d  i n  s t a n d a r 3  s p o t  u r i r i e  sanpling bcttlzs 
( p l a s t i c  c o a t e d  c o n e s )  w i t h o u t  p r e s e r v a t i v e s  and  a n a l y z e d  i n n e d i a t e l y .  I n  rc- 
c e n t  y e a r s ,  c h e  nxmber OF u r i n e  sarnplss c o l l e c t e d  i n  t h e  o v e r a l l  b i c a s s a y  pr2- 
g r a n  h a v e  i n c r e a s e d ,  r e s u l t i n g  i n  a n  i n c r e a s e d  tirte l e p s e  bet:;eer; r 3 l l e c t i c n  
a n d  a n a l y s i s .  To f a c i 1 i t a : e  t h F s ,  u r i n e  s a m p l e s  a r e  now be2ng  c o l l e c t e d  i n  
h i g h  i n p a c t  po1ys t : I r sne  sc rew-cap  b o t t l e s  and  a c i d i f i e d  w i c h  HSC? t o  preven: 
w a l l  losses .  

x i t h  tine o n  s t a n d i n g .  
:io u r a n i u n  h a s  be?n o b s e r v r d  in t h z  ~ r i c  a c i d  c r y s t a l ;  t h a t  :CY:: w5?r? YXCj i s  
u s e d  a s  a p r e s e r v a t i v e .  

SOTE: Thr. c a n c e n t r a t t a n  o f  u r a n i u m  i n  u r i r . 3  shc:<s a s i g n i f i : 2 t ? t  r e d u c t i c 3  
P y r e x  s a x p l e  b o t t l e s  a r e  p r c f e r r s d  b d t  ni.: e c c n c ? F c a l .  

1. Normal a n d  D e p l e t e d  U r a n i u a  . ( G r a v i m e t r i c )  In U r i n e  
T h r e e  0 .1  cm3 a l i q u o t s  of u r i n e  a r e  p l a c e d  on  platinum d i s h e s ,  e v a p o r z t i . ?  

t o  d r y n e s s ,  a s h e d  by f l a m i n g ,  f u s e d  w i t h  a NaF f l u x  (27; L i F )  and t h 2  f l u o r e s -  
cents i s  d e t e r m i n e d  i n  a f l u o r o p h o t o r n e t e r .  The p r e c i s i a n  of t h e  method h a s  a 
r e l a c i v e  s t a n d a r d  d e v i a t i o n  of ? 25% f o r  c o n c e n t r a t i o n s  l e s s  t h a n  50 u g / l i t e r  
and  z 7 %  f o r  h l p h e r  v a l u e s .  

2 .  E n r i c h e d  L'raniurn ( R a d i o m e t r i c )  I n  Urine 
D u r i n g  s0;i.e o f  the e a r l y  orin; .  a n a ? y s e s ,  

,.,,as chanze.' i n  14jl 

che u r sn i i l n  <;.IS e ? e c t r o : l a r s d  
6;rec: ly  f r o n  t h 2  u r i n e  w i t h  an  a c i d - ~ ~ a l s ~ e - ~ l ~ ~ c r a ~ . ~ ~ ~  sil.,:e:. Thz pro t t i -  

>.aii:.e ea r th  C 3 c C e g t r z t i o n  o f  t h e  u r a n i u a  f r a i l  a 2L ;? urin;.  sa;.;?le . ~ h l c t i  ~ 2 5  

th2n p l a t e d  d i r s c t l ; .  on p l a t l n u n .  

a di(2-*ch!:?-'ce:<;;l) p::os?.i.?:e ?:.::r:.CC;<?n 3 f  33 a!- 

The v . . ~ t h o d  was i ~ ; r t !~? r  s!lar.g?.d 1957 t o  d? 

a l k J l i r z e  e i r r h  co-prrcipi:s:is:i c o n c e n t r a t i o n ,  f d l l a ~ s d  b y  a ; h i ? g ,  a - i a n  ex- 
c h a n g e  i s o l a r i o n  and by d i r e c t  p l a t i n g  c n  2 . 2  cn d i a i e r z r  s c a i n l s s s  s : ee l  
~ l a t e s  a n d  a l p h a  c o u n t e d  by g a s  f lc t i  ? r o p o r t i o n a l  c o u n t i n g .  S i n c e  1950, :he 
f o l l o x i n g  p r o c e d u r e  h a s  b e e n  employed :  

p h o s p h a t e  b y  t h e  a l k a l i n e  e a r t h  c o - p r e c i p i t a t i o n  method.  Thc. p r e c i p i t a t e  is 
s e p a r a t e d  by c e n t r i f u g a t i o n ,  a s h e d  wi:h tiS03, c o n v c r t e d t o  the c h l o r i d e ,  d i s -  
s o l v e d  i n  83 HC1 and  i s o l a t e d  on a Bio-Rad AC 1 S 10 anion  exchange rss in  co!-. 
umn. The column is e l u t e d  w i t h  d l l i i t e  H C l  and  t h e  e l u a t e  ev . ipo ra t ed  t a  d r y -  
n e s s .  The i s o l a t e d  u ran ium i s  r e d i s s o l v e d  and  t r a n s f e r r e d  t 0  a 2 . 2  cm d i a n x t e r  
s t a i n l e s s  s t e e l  d i s c  end c o u n t e d  i n  a g a s  f l o w  p ropor t io r i : i l  s a u n t e r  f o r  50 min. 
T h s  c o m t e r  background  is 0.02 co:incs p e r  minu:? w i t h  a n  e f f i c i m c y  of 0.$7 
COLintS p e r  d i s i n t e g r z t i o n .  'The a c c u r a c y  o f  the' n r t h u J  a t  2 5  Jis/min pcr 1 i c L > y  
i s  a ? p r c s i m t e l y  807: v i t h  a p r 2 c i s i c n  a t  1's  of  2 15:: i n  r.iut ii:e u s c .  

The u r a n i u m  i n  s e v e n t y - f i v e  nl o f  u r i n e  i s  p r a c i p i t a t e d  a t  80°C a s  t h c  



I!'. RESCLTS 

A .  G s n e r a l  Popula: ic ; l  

D u r i n g  t h e  p r o g r a z  f 3 r  t h e  d e t e r - i n a t i ~ n  of p l u t o n i u m  i n  a u t o p s y  t i s s a e  
f rom t h e  g c n c r a l  pop8ula:ion c o v e r f d  by t h i s  r e p o r :  (1959-!?72) ,  a l i q c c s  of a l l  
a s h e d  t i s s u e  sa7pl.e s o l 3 t i o - s  \.;ere s c r e e n 2 i  f a r  u r a n i u n .  The r e l a t i v e l y  h i g h  
d e t e c t i o n  l e v e l  a c c e p t e d  f3:. :he e v a l u a t i o n  of o c c u p a t i o n z l  e x p o s u r e  c z s e s  p r e -  
c l u d e d  t h e  d e t e r m i n a t i o n  s: t h e  a c t u a l  u r a n i u a  c o n - e n t r a t i o n  i n  t h e  t l s s u e  of 
t h e  g e n e r a l  p o p u l a t i o n .  Tile d e t e c t i c n  l i m i t  f o r  e a c h  o r g a n  a n a l y z e d  i s  shoTwn 
i n  T a b l e  7 .  I n  t h e  3 j@ = a s s s  n o t  s u s p e c t e d  of h a v i n g  any  o c c u p a t i o n a l  e x ? o s u r i  
t o  u r a n i u m ,  o n l y  a f 2 ; ~  t i s s u e s  shoved  a p o s i t i v e  r e s u l : .  I n  four  of t h e s e  
cases  t h e  l c n g ,  l ymph  n o d e s ,  and k i d n e y  \;as p o s i t i v e ,  and  i n  t h e  r e n a i r . i n g  
cases  o n l y  o n e ,  o r  o c c a s i o n a l l y  two,  or' t h e  o r g a n s  f r n n  t h s  same c a s e  i n d i c a t e d  
a p o s i t i v e  v a l u e .  Ths d i s : r i !~u : ton  of onl:; p ~ s i t i ~ e  va lues  i s  shot,-n i n  T n b l e  
2 .  TF,ese l a t a  a r s  a p p a r s ~ . t l : ;  n c i  a i f f e r c n :  t h a n  tis-cc2 c o c c e n r r a t i o n s  repor:sc! 
e i s ~ ~ , ~ : ~ s r 5 ~  ' j .  ~ctc?s:icn:i n i s r o r i e s  :;e:* r:3t c o n F 1 e t e  and  r e s i d c n c s  l i s t -  
e d  v a s  thic a r e a  i n  L;hic?i chs p e r s o n  i i e d  and  n o t  n e c e s s a r i l y  h i s  major res ider . -  
r i a l  a rea .  

. - .  

B .  O c c u p a t i o n a l l y  Es?osed Cases 

a s say ,  

IO0 I O b  t 
37 7 



Case ?i3. - 1-058 s 2 :.: - Yale 

Cause of  Deacii - Hear: >.:tzck 
HEl i  Code SO. - 4 2 0 . 1  Y2sr of Death - 1959 

- !a .. Occupation - >!achinist  ,,.eight 
A.52 ac k a t h  - 50 !:ears 

En?lsyed - 9 y e a r s  

?he employee :;aiked I n  a v e r y  l o i . ~  p o t e n t i a l  exposure j o b  on t h e  S e c u r i t y  
Farce,  but a l s o  r.crl;ed 73 r t  t i n e  a s  a t?chnic isn  f o r  two yea r s .  
years  p r i o r  t o  h i s  death he Gas exploysd f u l l  Lime a s  a mechanical. t echnic ian  
involved w i t h  u ran icm,  containir .g  var ious  dco,ri.es o f  enrichrnent and also t a d  
occas iona l  c x p n s c r r  p o t e n r i a l  : o  
1957  t o  F e b r u a r y  !?$I, 
analyses i n d i c a t i n g  l e s s  than  j 12 zer l i t c r .  ?;o s ign i i i cnn :  espnscre  
i f s r*  rcpor t sd  cluri7.g h i s  e z ~ p l o y > s n c .  

A n a l y s i s  o f  a v 2 i l s b i +  ti<s:;;1 f > r  iirl!iCii-. i s  sko; . ,~  ir; i'ai?;e h .  

F:?r thz 6 

'sa - ''.' La.  During t h e  per iod  fro;?. !.!a). 
a t o c a l  o f  7 8  u r i n e  s.?c?les (;?re cal1ec:ed ?it!i n l ?  

1 0 0 1 0 b 2  
328 



Case So. - 1-15G Sex - :.:ale 

Cause  o f  D e a t h  - 'dsar: A t t a c k  >.&e a t  Dea th  - 51 y e a r s  
HE:? Code KO. - 4 3 3 . 1  Year c f  Deat!i - 1 9 6 1  

O c c u p a t i o n  - X a c j i n e  ?.e?air Ysch. \:eight - 6 3  kg 

Emp 1 o !i e d - 8 y e a r s  

The t e c h n i c i a n  r 2 p a i r e d  v s r i s u s  m a c h i n e s  i n  s h o p s  p e r f a r n i n g  m a c h i n i n g  - o p e r a t i o n s  on n o r m a l ,  d s p l e t e d  2nd e n r i c h e d  u r a n i m ,  as  w e l l  a s  soae a s s i g n -  
ments i n  p l u t o n i u m  f a b r i c a t i o n  a r s a s .  Eelow a r e  t a b u l a t e d  t h e  v o r k i n g  h o u r s  
i n  e a c h  a rea .  

Area 
( P o t  e n t i a  1 E x ~ o s u r e )  

P l u  t o n i o n  
E n r i c h e d  Vranium 
D e p l e t e d  c r  Sormal 

Urcinicn 
B a l a n c e  

H o u r s  
(3-1-59 t o  1-1-61) 

552 
100 

2 70  
30 3 

No s i g n i f i c a n :  e q o s u r e  d a t a  a r e  r e c o r d s d .  D u r i n g  th i .   fer^ mont?,s p r i o r  t o  
h i s  d e a t h ,  h e  was a s s i g n e d  f u l l  t i m e  i n u l e n r i c h e d  u r a n i u m  m a c h i n e  shop f o r  
m a i n t e n a n c e  of t h e  m a c h i n e s .  ?io u r i n e  s a x p l e s  were a n a l y z e d  f o r  u r a P < : x  d u r i n g  
t h e  t h e  of  h i s  e n p 1 o ; q e n t .  T i s s u e  c o n c e n t r a t i o n s  of  u r a n i u m  a r e  shorm i n  
T a b l e  7 .  

- _7-3@j s2x - ;.:a 1 Case So. 

Cause  of D e a t h  - Lung C a n c e r  Age a t  D e a t h  - 68 y e a r s  
W3.l Code KO. - 163 .0  Y e a r  o f  D e h t h  - 1 9 6 7  

O c c t i p a t i o n  - t!F L a b o r e r  !,:eight - 65 .2  kg 

Enp 10 y ed  - 1 2  yrzrs 

As a l a b o r e r ,  h e  was a s s i g n e d  t o  t r u c k  o p e r a t i o n s  wh ich  h a n d l e d  c o n t m i n -  
a t e d  t r a s h .  The t r a s h  was s s a l e d  i n  boxes f o r  d i s p o s a l .  D u r i n g  t h e  1 2  y e a r s  
of e x p o s u r e  p o t e n t i a l  (1956-1958) a p p r o x i n a c e l y  1 2  h i g h  n o s e  s w i p e  C C U T ' . ~ S  and  
n o  r e p o r t a b l e  i n c i d e z t s '  wzrs d o c u n e n t 2 2 .  So u r i n e  s a m p l e s  ;;?re s n a l y z e d  f a r  
u r a n i u m  d u r i n g  h i s '  err.?loysznt n o r  c2n 2ny esti : ;?a:ion be nade of his e x p o s u r e  
t o  u r a n i u m .  

sy sact?ir-s :.iere a-;ai.?abie f o r  azz.I: ;sis ,  37.6 t h e  res -2 . l :~  z r z  5 h ~ : ; n  i n  T a b l e  5 .  
. .  . T5e l a 5 s r s r  c.:irs ajco:  9 ;;;.ars -fz.-r  :?<s r zF<gnz : ion .  O n i ] :  rzccine ac5ip-  

Cass No. - 2-030 Sex - Xale 

Cause  o f  D e a t h  - 'riearc A t t a c k  Age a t  D e a t h  - 4 2  y e a r s  
HEW Code So. - 4 5 6 . 1  Year of D e a t h  - 1962  

Employed - 10 y e a r s  

O c c u p a t i o n  - ti? >!on i to r  Weight  - 6 2  kg 

The H e a l t h  P h y s i c i s t  m o n i t o r  was a s s i g n e d  t o  a p l u t o n i u m  p r o c e s s i n g  f a c i l -  
i t y .  D u r i n g  t h e  13 years  of  e n p l o y n e n t ,  a p p r o x i m a t e l y  5 h i g h  n o s e  s w i p z  c o u n t s  
w e r e  o b s e r v e d  d u r i n g  t h e  h a n d l i n g  of  p l u t o n i u m  w i t h  onlyone r c p o r t e d  e x p o s u r e  
i n c i d e n t  (195s) i n v o l v i n g  e n r i c h e d  uraniurn  i n  a g r a p h i t e - b o s  e x p l o s i o n .  No 
u r i n e  saq-J?es verf  ana l ; J zed  f o r  u r a n i u m  d u r i n g  t h s  p e r i o d  of  h i s  e m p l o y a e n t .  
The rcs : i? t s  o f  t i l e  a n a l y s i s  of t i s s u e s  € ~ r  u r a n i i ! ~  a r e  sho;.~~ i n  T a b l e  9 .  
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Case >:o. - 2-C9S Se:i - \.la! e 
O c c u ? a t  i o n  - P h y s i c i s t  L e  i g !-I t - 62 kg 
Cause a f  Dea th  - Malignan: I.klano3n3 i g e  a t  Death - A6 y e a r s  
HZd CJdd ! : O .  - 1 9 9 . 0  Yea;- of D e a t h  - 1 4 6 2  

Em;, 1 o y e d  - 10 y e a r s  

The employee  h a d  na s i g n i f i c a n t  e x p o s u r e  p o t m t i a l  t o  u ran ivm h a v i n g  .,<zr?.- 
e d  i n  a n o n d e s c r z c r i v e  t e s t i n g  f a c i l i t y  x h e r e  mi t s  were i n s p e c t e d  by x-ra:;. 
No u r i n e  samples were c o l l e c t e d  f o r  u r s n i u m  a n a l y s i s  and  n o  s i g n i f i c a n t  z:<;c- 
s u r z  d a t a  were r e c o r d e d .  The results of t h e  t i s s u e  a n a l y s i s  are show,  i n  
T a b l e  10. 

Case Yo. - 2-126  Sex - Male 

Cause of k a t ; ?  - C i r r ? i o > < s  
HE!d Cole SO. - 561.1 Yezr cf Deazh - 1 9 6 2  

O c c u p a c i o n  - C h e n i s t  We i gh t - 7 9  kg 
Ag2 a t  D e a t h  - 51 y e a r s  

Emp l o  y P d - 7 y e a r s  

The case vas d i r e c t l y  i n v p l v e d  i n  t h e  d i s p o s a l  of l i q u i d  r a d i o s c t j v e  
wastes, i n c l u d i n g  u r a n i u m ,  i n  i waste d i s p o s a l  p l a n t .  
u r i n e  s a x p l e s  a n a l y z e d  f o r  u r a n t c n  a r z  r e c o r d e d .  

No e x p o s u r e  d a t a  or  

- X a l c  C 8 S 2  s o .  - 3-015 Sex 

Cause  o f  Deach - C a r d i a c  
HEN Code !io. - 4 2 0 . 1  Yea r  o f  Dea th  - 1 9 6 5  

O c c u p a t i o n  - P h y s i c i s t  Weight - 7 7  . ~ g  
Age a t  Death  - 55 

Emp 1 o y e  d - 23  y e a r s  

As a p h y s i c i s t ,  t h i s  case was d i r e c t l y  i n v o l v e d  w i t h  early r c a c c o r  d e v e l -  
opment a n d  rseapon t e s t i n g .  H i s  e x p o s u r e  p o t e n t i a l  t o  u r a n i u m  d u r i n g  h i s  2 3  
y e a r s  of e n p l o y m e n t  was a i n i m a l  d u r i n g  t h e  f i r s t  e igh :  y e a r s -  His p r i x a r y  es-  
p o s u r e  t o  a n y  u r a n i c m  was a s s o c l a t c d  w i t h  f a l l - o u t  f rom rreapons t e s t i n g .  So 
s i g n i f i c a n t  v r a n i a n  e s p o s u r e  d a t a  a r e  r ? c o r d s d .  ::o u r i n e  samT1es \;ere c c l l e c -  
t e d  f o r  E r s n i L z  a n z l y s l s .  

Case KO. - 7 4 1 5  sex - :.!a 12 

Caus? of D e a t h  - Keart A t t a c k  
HEW Code No. - k70 .1  Year O F  D z a t h  - 1 9 7 1  

- 5; kg ,. Occi !?a t ion  - ? k c  k ir. i s t c. e! i g!ic 
Age a t  D e a t h  - 5 2  :;t?nrs 

Emp 1 o y e d - 2 5  y e a r s  

The m a c h i n i s t  w a s  employed i n  a n o r m a l  o r  d e p l e t e d  u r a n i u n  s h o p  f o r  2 5  
y e a r s  w i t h  an o c c a s i o n a l  low e x p o s u r e  p o t e n t i a l  t o  e n r i c h e d  u r a n i c c  f o r  11, 
y e a r s  p r i o r  t o  r e t i r e m e n t .  The a i r  c o n c e n t r a t i o : l  d u r i n g  h i s  e a r l y  vork \ ? a r i d  
up t o  25 pg U/m3 w i t h  a p a r t i c l e  si22 r a n g e  of 0 .1  t o  2 . 9  gcr, ( X I D ) ( ' )  d c p e i i i i n g  
o n  t h e  o p e r a t i o n  and a c t i v i t y  i n  t h e  s h o p .  The a i r  c o n c e n t r a t i o n  duri i :g  :he 
l a t e r  1 4  y e a r s  of ~ : o r k  was l e s s  t h a n  5 gg  U/n . 

The m a c h i n i s t  d i e d  of a h e a r t  a t t a c k  6 mon ths  a f t e r  h i s  retireaenr. Hi. 
was k n o m  t o  h a v e  e x c r e m e l y  f i x e d  h u t  somevhnt pec ! . i l i a r  d i e t a r ; :  h3bi:s and ..:as 
a nonsmoker  who u s 2  s r l f - a d n i n i s t e r e d  z e d i c i n a l s  of  v a r i o u s  types and bor,!tr*d 
on h y p o c h o n d r i a .  His d ~ i l y  i n t a k e  of a l c a h o l   as s u f f i c i e n t  t o  C;IU.;S C'?;: C ~ T F -  
h o s i s  of the  l i v e r  o b s e r v e d  a: a u t o p s y .  

The u r i n a r y  excretion p ~ t t s r i  o f  crnniur.1 d u r i n g  t h e  n a c ! ? i n i s r ' s  ~~rn;:lc.y??nr 
is shoim i n  T a b l e  13 .  I n  Ji.ily o f  1 9 6 7 ,  sevi.rr?l crir,;. analyst‘:; ::~\rt. hig1ic.r 
t h a n  n o r m a l  and  i n c o n s i s t e n t  twith t h e  i m r k  In;>.J 1:i t h e  t i ~ : t ; ~ i i : : :  s h o ~  A:IL! ?!st> 

3 
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r e i!i c on s i s t c\n : ii i t !-I t h; 05s -.rv..-d a i r c' a n c  s n t r a t  i 311 s 2 n d  ,> :ti 2 r ec;] 1 cy 5 e s ' 
u r i n . i r y  e x i r e :  LLJn p a t t e r n s .  H i s  s x - r e t i o n  o f  urszi;:?. v a r i s i  t i i t h  a n  a v s r a g s  
c o n c e n t r a t i o n  cf a p p r o s i - i a t e l y  53 -g, ' l i tc?r,  e x c e p t  for a n  i l - d a y  p e r i o i  r<here 2 
d a i l y  s a m p l e s  were c 3 1 1 e c t e d  a t  11 .AY and .I; F\! u n d e r  con t ro : ?ed  c c r . 2 i t i o n s  : .?i th 
a t o t a l  e s c r e t i o n  of a p F r o x i x a t e i y  L C O ,  S2,  9b, 4 0 0 ,  2 3 0 ,  1 9 5 ,  230 ,  1 6 8 ,  50, 
203 ,  2 7 5 ,  60, 2 1 ,  11 . . . Ujday .  T h i s  e s c r e t i o n  ? a t t s r n  \.*as incons is :e i : t  
w i t h  i:is work l o o d .  T h r e e  o t h e r  n a c h i n i s t s  i n  t h 2  saxe s h a p  used  as p o s i t i v e  
c w t r o l s  had n o  s i g n i f i c a n t  e s c r e t i o n  o f  u r a n i u m  ( < 5  v g / l i : e r )  d u r i n g  t h e  5252 

p e r i o d .  X l a r g e  number of  u r i n e  s m p l e s  wer? c o l l e c t e d  d u r i c g  t h 2  e n s u i n g  7 
months  i n  a n  a t t e n p t  t o  i d e n t i f y  t h e  e s c r e t i o n  p a t t e r n .  Ev2ry 2fLCort v a s  n a d e  
t o  d e t e r m i n e  t h e  s o u r c e  o f  t h e  u r a n i u m  o b s e r v e d  i n  t h e  u r i n e .  The u r a n i u n  V J S  

d e t e r m i n e d  by a l p h a  p u l s e  h e i g h t  a n a l y s i s  t o  b e  d e p l e t e d  u'ranium s i m i l a r  t o  
t h a t  n o r m a l l y  worked by t h e  z a c h i n i s t .  So c h a n g e  i n  h i s  e x p o s u r e ,  p e r s o n a l  
h a b i t s  o r  p h y s i o l o g y  would a c c o u n t  f a r  t h e  i n c r e a s e d  u r i n a r y  u r a n i u m  e s c r e t i o n  
o r  t n e  d i u r n a l  v a r i a b i l i t y  o b s e r v e d .  U r i n e  s a m p l e s  c o l l e c t e d  d u r i n g  a T e r i o d  
o f  t h e  d u r i n g  r ;h ich  t h e  m a c h i n i s t  vas rernoved f r o 5  t h e  u r a n i u m  m r k  were si-i- 
l a r -  t o  t!:e p r e v i a u s  p a t t e r n .  Sampl i ? s  c 3 1 1 e c z e d  a t  h m e  o r  a t  t h e  sho;, *..!ere 
f o u n d  t o  c o n t a i n  l e v e l s  t h a t  s e r e  r a r J o c l y  d i s - r i b u t e l  f r o c  z e r 3  (.:S ' c ' l  

i n d i c a t e d  :ha t  t he  f l u c t u a t i o n s  ;i2r2 n c t  r 2 l . a t e d  t o  e i t h e r  :he a n a l y : i c a l  t?,cii- 
n i q u e s  o r  t h e  u r i n e  c o l l e c t i o n  p r o c e d u r e s .  a r e a t h i n g  zone ar,d g e n e r a l  r o o 3  a i r  
s a m p l e s  were found  to b e  <lo ':g U / m 3 .  
n o  e f f e c t  07. t h e  random e s c r e t i o n  r a t s s  o b s e r v e d .  Rer?.oval of  t h e  m a c h i x i s t  t o  
o t h e r  n o n u r a n i u m  work a reas  had l i t t l e  e f f e c t  on  h i s  u r a n i u c  e s c r e t i o n  p a t t e r n  
u n t i l  the  mid- l le  o f  1 9 6 8  v h e n  ar? a p p a r e n t  e x p e c t e d  a n d  L s w  l i - v z i  e s c r e : i o n  p a t -  
t e r n  was r e e s t a b l i s h e d .  D u r i n g  t h e  las :  20 months p r i o r  t o  h i s  re : i ren?- t ,  no 
s i g n i f i c a n t  u r a n i u m  c r i c a r y  e x c r e t i o n  was o b s e r v e d .  

U s i n g  t h e  a v a i l a b l e  d a t a ,  i t  :;as e s t i r . i ? ~ e d  t h z r  :he l u n g  b u r d s n  of  n m -  
t r a n s p o r r a b l e  u r a n i u n  T;as ::lj ng or 31);; o f  a p e r  si512 b o r d e n  f a r  de?? i+ te<  
u r a n i i i n ~ ' )  i n  n i d  1 9 6 7 .  A f t e r  an  a d d i t i o n a l  3 x Is of s t u d y ,  t h e  es;i-.s:e 
a p p e a r s d  h i g h ,  b u t  v a r i a b i l i t y  i ias t x  g r c a t  t o  iiar:aE: a c z r s  p r e c i s 2  es:irr..?- 
t i o n .  

No s i g a i f i c a n t  g r o s s  o r  m i c r o s c o p i c  pa thdloz : :  o:her chan t h a t  c o n s i s t e n t  
w i t h  c i r r h o s i s  o f  t h e  l i v e r  and  h e a r t  a t c a c k  wri .  o b s e r v e d .  O n l y  p h z  r a u t i n e  
t i s s u e  s a n p l e s  became a v a i l a b l e  f o r  c h e m i c a l  ana1;:sis. The r e s u l t s  o f  t h e  
ana!.yses a r e  shorvn on T a b l e  15. 

t o  2100 v g j l i t z r .  C o n s t a n t  s u r v e i l ? a n c e  o f  t h e  f L 3 o r i n e : r i c  u r a i ? i u n  a . n a A J s i s  :a' ;.:-: 

Omiss ion  o f  t h e  v a r i o u s  m e d i c i z a l s  !!ad 

The e a p l o y e r  r.;orked as a recsver:;  p r o c e s s  O p e r a c J r .  She e n r e r e d  t h e  :?os- 
p i t a 1  i n  :.lay o f  1972  and  d i e d  o f  a c u t e  g ranu1ocy : i c  l2::Xeci. i n  O c t o b e r  cf t:?.dt 
y e a r  a t  t h e  a g e  of 61. Exposure  and b i o a s s a y  d a t a  [{ill b e  p u b l i s h e d  a s  soon  as 
p r a c t i c a l .  T i s s u e  c o n c e n t r a t i o n s  a r e  sho7.m i n  T a b l e  15. 
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The a u t h o r s  i.-ish t a  acl inovl .edge t h e  e E f o r t  of t h e  e n t i r e  s t a f f  o f  : ;?n  
I n d u s t r i a l  Hyg iene  Grot? and i n  p a r t i c u l a r  t h e  e f f o r t s  of Jea:! . !cCl t ! :x .L ,  
8. C .  E u t s l e r ,  P a t r i c i o  T r u j i l l o ,  and W i l l i a n  D. Xoss and  t h e  pa tho !cS i s t s ,  

M i c h a e l  S t e x a r t ,  ?!.D., and C .  C .  Lushbaugh ,  X.D.  
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DISCZSSION 

TESSKEX: With t h e  t i s s u e  c o n c e n t r a t i s n s ,  i i e r e  yoil a b l e  t o  see  a con- 
s t a n t  r a t i o  i n  any of t h e n ?  I n  o t h e r  words,  a s  you l o o k e d  a t  e a c h  case, d i d  
you f i r . d  r e l a t i v e l y  c o n s t a n :  distribution i n  the f o u i  t i s s u e s  that y o u  a r e  d e a l -  
i n g  w i r h ?  

CAMPBELL: Xo, *A= d i d  not f i n d  a c o n s t a n t  r a t i o .  P r o b a b l y  b e c a u s e  of  
t h e  d i f f e r e n c e  i n  t i E e ,  f r o m  t h e  t ine o f  e x p o s u r e  t o  t h e  t i n e  of d e a t h ,  and a l -  
so t h e  t y p e  o f  e x p o s u r e  t h e  zar. h a d .  \ h i 1 2  t h e s e  were n a c h i n i s t s ,  t h e y  p e r f o r x  
a l a r g e  n u n b e r  of d i f f e r e n t  t p + s  of  mach ine  o p e r a t i o n s .  

TESSXER: Did you h a v e  enocgh  c a s e s  f o r  a c o m p a r i s o n ?  

C.QPBELL: T h e r s  w e r e  c a t  enough c a s e s  i r ~  e a c h  t y p e  of c a t e g o r y .  

TESS>ET(: A t  l e a s t  or.e o f  t h e  c a s e s  s z e n ~ d  :o  h a v e  a n  e x c e p t i o n a l l y  
h i g h  c o n c e n t r a t i m  i n  t h e  1::7-?h. 
s u e ,  lymph g l a n d s  c o l l e c t e d  a s  s u c h ?  

% e n  you s a y  ly i iqh ,  d o  you i n e x  l y q h o i d  t i s -  

CAV3ELL: The r e f e r e ~ c e  i s  t o  t r a c h i a l  b r m c h i a l  lymph nodes. 
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5. H y a t t ,  E .  C . ,  W. D. Xoss and H.  P. S c h u l t e .  P a r t i c l e  S i z e  S t u d i e s  on 
Uranium A e r o s o l s  f r o n  ?!achining ;?r.d M e t a l l u r g y  O p e r a t i o n s .  J. of  h n e r i c a n  
H y g i e n e  A s s o c i a t i o n ,  Vol .  20 ( 1 9 5 9 ) .  

6 .  A l e x a n Z e r ,  R. E .  A ? p l i c a t i m s  o f  S i o a s s a y  f o r  Uranium. US.A5C R e p o r t  KASH- 
1251, 1 9 7 4 .  

7. V a l e n t i r i e ,  A .  >!. , A l t e r n i c e  Group L e a d e r ,  U e a l t h  T h y s l c s  Grc?i?p, Los  Xlz?.os 
S c i e r. t i f L c Lab o r a t or y . ? e r s o e 1 Ccm. us i c a : i on ( 19 6 7 ) . 
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TABLE 2 

LJRAXIUX 1% T I S S U E  OF U?!ESPOSED POPULATION 

20 - 30 S i 3 Y E Y  1 2 1  1 - 110 
EO\:E 2 2 i0,30 r, - 28 

- 
(1) 35 o u t  of 350 c a s e s  g a v e  a 2 o s i t i v e  v t l u e  iq a t  l e a s :  O i l e  t i s s u s .  
( 2 )  M I L  - Y i n i n u n  detectable l e v e l  b a s e d  or! a 2 e t e c t i s n  l i r c i t  of 5 * g  U/llf?r 

of s o l u t i o n  a n a l y z e d .  
( 3 )  The d e t e c t i o r ?  l i m i t  v a r i e s  s i g n i f i c a n t l y  d e p e n d i n g  on t h e  w e i g t , t  of  lya? \ i  

nodes r e c e i v e d  and t h e  volume an21y22d.  
( 4 )  D e t e c t i o n  l i m i t  and r e s u l t s  v a r y  wi:h w e i g h t  and v o l u ~ e ;  t h e  r e p o r t e d  

v a l u e s  may bi. u n d e r e s t i n a t e d  b e c a u s e  o f  a d n e x a l  t i ssde.  

TAPJLE 3 

U R x X I C ? l  I?: TISSUE 07 C.L.SE 1-059 

ORGAX VETGET 
R E C E I V E D  

ORGAN (g) (ng  ~ / g  \i?t Ideight) 

L W G  3 5 4  11 

C0:i C EST &4 T I 0 ?j 0 F UXiX I L?-i 

L Y W H  NODES 2 5 . 4  4 86 

3311 
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1 9 5 0  

1 9 5 1  

1952 

1 9 5 3  

1955 

1355 

1 9 5 6  

1957 

1 9 5 6  

36 

i9 

1 9  

1 5  

5 0  

4 9  

1 9  

6 

9 

3k 

1 2  

1 9  

15  

50 

LS 

1 7  

5 

6 

29 .6  

21.7 

4b .3  

53  

46.6 

35.2 

1 3  

8 

7 

TABLE 5 

URLYILm I?! THE TISSUES OF CAS': 1-05?,! 

2 5 0  

7 3  

120 

250 

2 10 

230 

2 8  

1 4  

16 

ORGAX 

V e r t e b r a e  

R i b  

Sternum 

F e n u r  

:,:or r 0  'n' 

LL1"SS 

Liver 

Kidney  

S p l e e n  

T r a c he n b r o n c h i a 1 LY 

Yediastinnl LN 

X e s e c c c r  i c  L!i 

20 

39  

10 

833 

5 

1 1 3  

<?DL 

> 5 I+ 5 

5 7  

' XDI, 
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UFL\\?:IU:.! IS THE TZSSUZ 3 F  C i S f  2-030 

ORGAS WEIGHT 
RECEI l 'ED c ONC EN T KAT I OX 0 F- 'j 8-4:; ILX 

ORGAN ( g )  (ng U/g h'et Weigh t )  

L I V E R  1015 <YDL 

LUKG 6 7 7  9 

K I D S E Y  1 2 7  <XDL 

TRACHEOBROXCHIAL LX 

v E ?,T E i; Rx E 

1 2  

1 4  

KIDNEY 

LYHPH ?;ODE 
1 7 9  

14 

<MDL 

2 8  

VERTE 3 G E  31 90 

T A 6 L E  11 

UK.\SIL?! I?; THE TISSUES OF CLSE 2-126 

IO0 IO1 t 33 7 



CC 4 C E X  U T  I 0 ?: 0 F C ?LA >; I 2  ! OXCl iX  !.!EICST 
(ng L'/g Wet !:eight Tissile) GZCA;' RECEI?'ED ( 3 )  

L I V E R  1 9 9 5  CXDL 
- 

LUSG 1003 5 78 

L'i?Tpk! S03E 1 6  8 7  5 

KID:;SY 1 0 5  (MDL 

R I 3  5 WDL 

TABLE 1 3  

URiSAXY EXCRETIOT OF UUL\sIL?i I:< CASX 7-015 

NLQlBEZ OF 
s .Am? LE s 

- 
- - 1 9 5 7  1 0 

1 9 5 8  9 

1959 1 3  

8 

7 

1 9 6 3  
' r r q l  

1953 

iYii 

1 9 5 5  

1 9 5 6  

1967 

1958 

1969 

A, - L  

l 4  1 

10 9 

7 3 

10 7 

46 2 7  

11 I; 

301 ( 7 4  6a::s) 2 5 3  ( 6 8  days) 

13 rc 
10 0 

1 9 7 0  10 

1 9 7 1  1 

0 

0 

9 . 2  

5 

2 1  

13 

9 

1 4  

3 

b 

3 

1 9  

1 9  
? 

79 

3s 

20 

1 2 1  

2 8 s  

11 
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pg URANIUM, L!TER 

F r e q u e n c y  and d i s t r i b u t i o n  of u r a n i u n  e x c r e t i o n  levels 
f o r  n i n e  t x b a l l o y  machiz is t s  o v 2 r  a 5 - y e a r  p e r i o d  

I O 0  I015 
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The Tab12 c o n t a i n s  t h e  a v a i l a ' s i 2  bazkgroi2r.d i n i a m a : i o n  on eac? case :  

Case  :;umber - A u n i q u e  n u n b e r  a s s i g n e d  t o  e a c h  cas2 a t  t b s  t i ce  t h e  
t i s s u e s  a r e  r e c e i v e d  by t h i s  Laboratory. 
O c c u y a t i o n  - A g i n e r a l  d e s c r i p t i s ~  of :he m a j o r  w c - k  r e s p o n s i b i l i z i e s  
of t h e  i n d i v i d u a l s .  
R e s i l e n t  - The c i t y  of r e s i c l e n c e  a t  t h e  t i n e  of d e z t h .  
S t a t e  - T h e  s t a t e  i n  wh ich  t h s  c i t y  i s  l o c a t e d .  
Cause  of D e a t h  - The p r i n a r y  c a u s e  of d e a t h  as i d e n t i f i e d  by  t h e  
a t t e n d i n g  p a t h o l o g i s t .  
X\i Csde :;s;aber - A s : a z l a r i z s d  n u x r i c z l  i d e n t i f i c + t i o n  of d i s e a s z ,  
a n d / o r  ?'rL;;sical d i s a b i l i t i e s  d t ~ t ? ? ~ p d  ai;d r ; u b l i s h ? d  by ::?2 De?ar:7.2r.t 
of H e a l t h ,  Educac ior .  and  L ' e l f a r e .  
Sex - ?!ale ( > I )  o r  rema?..- (F) 
Age - Age a t  t h e  t i m e  of d e a t h .  
S e a r s  - Ytzars of e n p l o y c e n c .  
Year-  Yea r  o f  dea:h. 
Kg - Weigh: (Kg) a t  t i m e  o f  d e a t h .  

Two n e t h o d s  vert? u s e d  i n  t h z  f l u o r o n s t r i c  a n a l y s i s  of urar?iu;n ( s e 5  t C x t  

f o r  a d e s c r i p t i o n  o f  e a c h  n e t h o d ) .  The mi:iirnun: dccsc:ab:e l e v e l  (?li)L) fc.: eat:.! 
rnet!iod was a fui ic t io: :  sf :he backgzow.6, t h e  coun t  s t a t i s t i c s ,  t h e  s i 2 2  of t h e  
a l i q u o t  a n a l y z e d ,  5 : ~ .  

s e n s i t i v i t y  and r e s u l t e d  i n  t h e  v a r i a t i o n  ir. ?lDI, o b s e r v e d  i n  samples w'azr?. d : ~  

a l i q u o t  g r e a t e r  t h a n  0.1 czi? w3.s n r . a l y z e d .  

T h e r e f o r e ,  t h e  u s e  of l a r g e r  aliq8Jst.r. i ! i c r e a s e d  t h e  
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