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t h a t  r e g i o n  ar?d is only a s m a l l  pa r t  o f  t h e  t o t a l  lytcph node mass a s s o c i a t e d  
w i t h  t h e  r e s p i r a t a r y  t r a c t .  I n  s o m  c a s e s ,  a d n e x a l  t i s s u e  a s s c c i a t e d  x i t h  che  
lymph nodes  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  an u n c s r t a i n t y  t o  t h e  r e a l  
w e i g h t  of t h e  lymph node and c o n s e q u e n t l y  t h e  uranium C o n c e n t r a t i o n .  

t e b r a e ;  r i b s  and s t e r n u m  ar2 o c c a s i o n a l l y  o b t a i n e d .  
o n l y  a small amount of  a d n e x a l  t i s s u e .  The marrow is  i n c l u d e d  i n  a l l  bone 
samples  a n a l y z e d  u n l e s s  s p e c i f i e d .  
and i d e n t i f i e d .  

Bone. Bone samples  are  n o r m a l l y  wedges from t h e  4 t h  and 5 t h  lumbar ver- 
The bone  w e i g h t s  i n c l u d e  

Each bone sample is a n a l y z e d  s e p a r a t e l y  

11. ANALYTICAL PROCEDURE 

A .  Method 

1. Each t i s s u e  i s  p l a c e d  i n  an a p p r o p r i a t e l y  s i z e d  vessel  f o r  d r y  a sh ing .  
The l i v e r  and 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 e s  2nd t h e  o t h e r  
t i s s u e s  a r e  pLaced i n  Pyrex  b e a k e s  of a p p r o p r i a t e  s i z e s .  

rect  h e a t i n g  of t h s  v e s s a l .  
o p e r a t e d  f r o m  200 t o  5003C, r e a c h i n g  maxinum t e m p e r a i u r e  i n  2 4  h .  
are m a i n t a i n e d  a t  500°C f o r  2 4  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  are t h o r o u g h l y  -.;?shed w i t h  
2N HNO3. The wash ings  a r e  conbined s i t h  t h e i r  r e s p o c t i v e  r e s i d u e s  and eva?or -  
a t e d  t o  d r y n e s s .  O the r  a shed  t i s s u e s  do n o t  r e 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 c l y  i n  t h e i r  r e s p e c t i v e  b e a k e r s .  

4 .  Each r e s i d z e  is h e a t e d  r s p e a t e d l y  r j i t h  HS03 and HF u c t i l  i t  i s  whi:c7. 
From 1968 t o  1 9 7 1 ,  501  H;Cr was used i n  c o n j u n c t i o n  v i t h  che  F!SOj t o  speed  :be 
a s h i n g  p r o c e s s .  The u s e  of t h i s  r e a g e n t  was d i s c o n t i n u e d  because  of t h e  h i g h  
r.etal c o n t e n t  p r e s e n t  as t h e  s t z b i l i z i n g  ag.ent and o n l y  3% u n s t a b i l i z e d  i!:!?~ 
is  nou employed. 

v o l u m e t r i c  f l a s k .  Except f o r  an o c c a s i o n a l  l ong  and bone sample ,  t h e  p roce -  
d u r e  b r i n g s  abou t  comple 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  volumes 
a r e  n o r m a l l y  used t o  s t o r e  e a c h  s m p l e  p r i o r  t o  a n a l y s i s :  

2 .  The s a m p l s 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  pre ,zent  d i -  
The temperature-programnet! muff12 f u r n a c e  i s  

The  samples  

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  

Excess  HF i s  renoved by r e p z a t e i  e v a p o r a t i o q  wFCh HSO,. 
5. Each r e s i d u e  is  f i n a l l y  d i s s o l v e d  i n  25 HKO3 and t r a n s f e r r e d  t o  2 

L i v e r  1 0 0 ( 3 - ~ ~ ~  . Ljjmph ?:odes . 5 0 - ~ ~ 3  

L u n g  100 0 - c 7. Sone 250-cn'  
hrdnsy 1oo-c31 , e .  

6. Each s a q l e  i s  x i x e d  w211 and s t o r e d  a t  < 2 1 ' C  p e n i i n g  ax~i ' ) . ses  of 
g roups  of  sznplss for u r a n i m ,  ? i i i tanium or a:her n u c l i d e s .  

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

1. A 0.1 c n 3  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  is t r a n s f e r r s d  t o  a p l a t i n -  
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  sodium f l u o r i d e  um dish. 

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  uranium f l u o r e s c e n c e  measured i n  a 
m o d i f i e d  Ja r re l  Ash f l u o r o m e t e r .  T h r s e  d e t e r m i n a t i o n s  ar2 made on e a c h  s o l u -  
t i o n .  The method h a s  a d e q u a t e  s e n s i t i v i t y  ( 5  s g / l i t e r ) ,  b u t  has poor  p r e c i -  
sion. 
shown i n  T a b l e  1. 

The r e c o v e r y  of uranium ( 2  : 10) from 5CO g o f  s p i k e d  bee f  l i v e r  is 



C .  T a d i o m e t r i c  >:e* 

'*;hen i t  i s  knocm t h a t  s amples  o r i g i n a t e d  from a fo rmer  uran ium worker ex- 
posed t o  e n r i c h e d  urznium,  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 q o s u r e  ;c 
u r a n i u n ,  t h e  samples  a r e  ana lyzed  r a d i o m e t r i c a l l y  ; t h e  u r a n i u n  is i s o l a t e d  by  
a n i o n  exchange ,  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  p u l s e  h e i g h t  a n a l y s i s  u s i r g  
2 3 ;  L! an i n t e r n a l  t r a c e r .  

111. BIOASSAY SAXPLISG OF EXPLOYEES POTESTIALLY EX?CSED TO URASIL?l 

A .  R o u t i n e  Ur ine  Sampling Prosram: 

The r o u t i n e  u r i n e  sampl ing  program f o r  boch norrnzl ( g r a v i m e t r i c )  and for 
enr i chsd  ( r a d i o a e t r i c )  uranium h a s  v a r i e d  c o n s i d e r a b l y  depend ing  on  t h e  riork 
load  v i t h i n  :he Lranium m r k  a r e 9  a t  t h e  l a b o r a t o r y .  I n  rnosi s t u d i e s  or. t h e  
s u r v s i l l a n c e  of e x p o s u r e ,  a b i -weekly  sampl ing  s c h e d u l e  is f o l l o w e d .  
1 9 7 2 ,  u r i n e  samples  were c o l l e c t e d  i n  s tandarz!  s p o t  u r i n e  s a n p l i n g  bocclas 
( 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  immedia t e ly .  In re- 
c e n t  y e a r s ,  t h e  number o€  u r i n e  s a n p l z s  c o l l e c t e d  i n  t h e  o v e r a l l  b i o a s s a y  p:~- 
gram have  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  time l a p s e  bet-.seec . :2l lect icn 
a n d a n a l y s i s .  To f a c i 1 i t a : e  t h i s ,  u r i n e  samples  are  now bezng c o l l e c t e d  i n  
h i g h  i n p a c t  p o l y s t y r z n e  screw-cap b o t t l e s  and a c i d i f i e d  w i t h  H?;C:! t o  prsven: 
wal l  l o s s e s .  

w i t h  t i n e  on s t a n d i n g .  
:;a u r a n i u n  h a s  besn  obse rved  i n  t h s  u r i c  a c i d  c r y s t a l s  t h a t  for: w h s n  HX?; i s  
used  a s  a p r e s e r - ~ a t i v e .  

U n t i l  

KOTE: Thn c a n c e n t r a t i m  of  uran ium i n  ur i r??  shc;;s a s i g n i f i : a n t  r e d t i c t i c ?  
Pyrex  sarr.ple b o t z l e s  a r e  p r e f e r r e d  b u t  ?.at e c c n c i i c a l .  

1. Normal and Dep le t ed  Uran ixa  , ( G r a v i m e t r i c )  In U r i n e  
Three  0 .1  cm3 a l i q u o t s  o f  u r i n e  a r e  p l a c e d  on p l a t i n u m  d i s h e s ,  e v a p o r z t e ?  

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  (2 ; ;  L i F )  and t h 2  fluores- 
c e n c e  i s  de te rmined  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 o n  of t h e  method h a s  a 
r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  2 25Z f o r  c o n c e n t r a t i o n s  less t h a n  50 u g / l i t e r  
and 5 7% f o r  h i g h e r  v a l u e s .  

2 .  Enr iched  Cranium ( R a d i o m e t r i c )  In U r i n e  
Dur ing  so7.e o f  ~ 5 %  e a r l y  c r i n i .  anal : ,ses ,  the uc in i i rn  cixs e l e c t r o r l a t e d  

was c h a n ~ e d  i n  15jI ~2 a di(?-eth:??-he:<gl) 
d;rec:-y fro= th2 zjr ine 2 i1 -h  ail a c i , ~ - o : . . a l 3 t e - e l r s ~ ~ c ~ . ~ ~ ~  cn sLl::er. 

ka1i:e e a r t h  c o c c e n t r a t i o n  of  t h e  u r s n i u x  f r o n  a 2'- ;? urine s a n ? l e  1.JhLCh ~2.s 
th; ta  p l a t e d  d i r s c t l ; .  on. p la t inurn .  
alkcalirie e i r r n  c o - p r e c i F i c a c i o n  concentration, fa i lowsd by a s h i n s ,  a n i s n  ex- 
change  i s o l a c i c n  and by d i r e c t  p l a t i n g  c n  2 . 2  c n  d i a n e r e r  s t a i n l s s s  s cee l  
p l a t e s  and a l F h a  coun ted  by g a s  fl0i.J p r o p o r t i o n a l  c o u n t i n g .  S i n c e  1 9 6 0 ,  :he 
fol1o:Jing p rocedure  h a s  been  employed : 

p h o s p h a t e  by 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. The 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 shed  w i t h  X O 3 ,  c o n v e r r e d t o  t h e  c n l o r i d c ,  d i s -  
s o l ~ d  in 8% H C l  and i s o l a t e d  OR a Bio-Rad AG 1 S 10 a n i o n  e schange  r ss in  co!-. 
uan.  The column is e l u t e d  w i t h  d i l u t e  HC1 and t h e  e l u a t e  cv; iporated t 3  d r y -  
n e s s .  The i s o l a t e d  uranicm is r e d i s s o l v e d  and  t r a n s f e r r e d  t3 a 2 . 2  cm d i a w t e r  
s t a i n l e s s  s t e e l  d i s c  2nd coun ted  i n  a g a s  €low p r o p o r t i o n a l  s o u n t c r  € o r  50 mix .  
The c o u n t e r  background is  0.02 coun t s  per minu:? w i t h  a n  e f f i c i e n c y  of 0.$7 
Counts  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  of t h e  rx3thoi.l a t  2 5  d i s / m i n  per li:<>:- 
is  approsixately 80;; v i t h  a p r e c i s i c n  a t  1.: of ? 151: i n  rljrltine u s c .  

Th2 proce-  
p i ? c ; ; l h ~ t e  e:<tr;.ctidn 3 f  22 31- 

The ~ t ~ t h o d  was ~ L : L ! I ~ :  char.gcd in 1957 t o  63 

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

8 0 0 b 1 2 8  
"Procedure  t o  b e  p u b l i s h e d  by PI. F .  l i i l l i g a n  and P a c r i c i n  T r u j i l l c ) .  
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A .  G s n e r a l  P o p u l a r i c n  

Dur ing  tl:? p r o g r a z  f J r  :tie deterzinatiJn of p lu ton ium i n  a u t o p s y  t i s s u e  
f r o n  t h e  g e n e r a l  F o p - J L a t l o n  c o v e r e d  bg t h i s  K ~ ~ O S C  (1959-197?) ,  aliqclrLs of  211 
ashed  t i s s u e  sa3pl.e s o l u t i o 2 5  were s c r e e n e d  f 3 r  u r a n i u n .  T h e  r e l a t i v e l y  h igh  
d e t e c t i o n  l e v e l  a c c e p t e d  f3r t h e  e v a l u a t i o n  of o c c u p a t i o n a l  e s p o s u r i  c s e s  p r e -  
c l u d e d  t h e  d e t e r n i n a t i o n  of :he a c t u a l  u r a n i m  con:en:ration i n  chc tisstle of 
t h e  g o n e r a l  p o p u l a t i o n .  Tks d e t e c t i c n  l i m i t  f o r  each  o r g a n  a n a l y z e d  is shown 
i n  T a b l e  2 .  I n  t h e  350 c a s e 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 e  
t o  u ran ium,  o n l y  a fe l i  t i s s u e s  showed a p o s i t i v e  result. I n  f o u r  of t h e s e  
cases t h e  icng, lymph nodes, 2nd k i d n e y  vas p o s i t i v e ,  and i n  t h e  r e m a i c i n g  
cas2s o n l y  one ,  o r  o c c a s i o n a l l y  tw3, or' t h e  organs fron t h e  same case i n d i c a t e d  
a p o s i t i v e  v a l u e .  Th? d i s t r i b u r i o n  of onl:; p n s i t i v e  values  i s  s h o r n  i n  Tab le  
2 .  These d a t a  a re  apparent?:;  rict di:.fercnt t h z n  t i s f t i e  c o n c e n t r a t i o n s  repor:sc! 
elj i :rheri .!  ' j .  ~ c c u p a t i c n a i  n i s t o r i - e s  !.-ere r3t c o n T l e t 2  acd  c;ie r e s i d s n c e  l i s t -  
ed  vas t h e  area i n  KihicIi t5e p e r s o n  d i e d  and n o t  n e c e s s a r i l ; ~  h i s  m a j o r  res ide?-  
t i a l  area.  

. .  

B.  O c c u p a t i o n a l l y  Espose5 Cas2.s 
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Case No. - 1-058 s e I: - Yale 
Occupa t ion  - ’.!achinis: . . e igh t  
Cause  o f  D e a t h  - Hear: A t t s c k  .‘.g’ ac 3 c a t h  - 50 ::ears 
HEN Code SO. - 4 2 0 . 1  Y e a r  of Death - 1959 

- SA .. 

Er;i;rloyed - 9 y e a r s  

The employee *..:orlied I n  a v e r y  Lov p o t e n t i a l  esposure job on  t h e  S e c u r i t l ;  
F o r c e ,  b u t  a l s o  r;orl;ed ?ar t  time as  a t ? c h n i c i a n  €or t ~ o  yea r s .  
y e a r s  p r i o r  t o  h i s  d s a t h  h e  was ezp lnyed  f u l l  : i m e  as a mechan ica l  t e c h n i c i a n  
i n v o l v e d  w i t h  u r a n i u n ,  c 0 n t a i n i r . g  various degr2es of enr i chmen t  and a l s o  had 
occasional exposcre  p o t i c n t i a l  t o  
1957 to  Februa ry  1?6?, a t o t a l  of 28 u r i n e  s.?-?les w2r2 co1lec:ed with n l ?  
analyses i n d i c a t i n g  less than 5 ~g 
;ere  r e p o r t e d  duri?..g h i s  ennploy-*nt. 

Y i . r  t h e  h 

La. During t h e  p e r i o d  fro?. >!a). sa - ’ ” ’  
l i t t ? r .  ?:o s i g n i f i c a n :  csposure d a t a  

l i l  

h ~ a l y s i s  o f  axr3iLsii;. t i s a x e  f-?r grlTlit i7 is sho;.in in Tab;? h. 

8 0 0 b 1 3 0  1 328 



Case So. - 1-150 Se:: - !:ale 

Cause of Death - Zsar:  A t t a c k  2.ge a t  Death - 51 y e a r s  
HEW Code Ko. - 4 3 3 . 1  Year cf Death - 1 9 6 1  

Occupa t ion  - >lach ine  R e p 3 i r  Tech .  G e i g h t  - 6 3  k g  

- 8 y e a r s  Enpl o y ed 

The t e c h n i c i a n  r e p a i r e d  v a r i o u s  n a c h i n e s  i x  >hops p e r f s r n i n g  x a c h i n i n g  
o p e r a t c o n s  on n o r m a l ,  d e p l e t e d  and e n r i c h e d  u r a n i u m ,  as  w e l l  a s  sone  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 .  Below a r e  t a b u l a t e d  t h e  working h o u r s  
i n  e a c h  a r e a .  

Area - 
(Po t  en t i a l  Expo s u r  2 )  

P1 u t on i on 
E n r i c h s d  Uranicm 
D e p l e t e d  c r  Sormal  

Ba lance  
Urznicn , 

Hours 
(3-1-59 t o  1-1-61) 

552 
100 

2 7 0  
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 re  r e c o r d e d .  During t h s  few months p r f o r  t o  

?io u r i n e  saxples were a n a l y z e d  f o r  u r a p < z z  d u r i n g  
h i s  d e a t h ,  h e  w a s  2ssLgned f u l l  t i m e  i n a n e n r i c h e d  uranium machine shop  f o r  
m a i n t e n a n c e  o f  t h e  mach ines .  
t h e  tics of  h i s  e n p i o y n e n t .  T i s s u e  c o n c e n t r a t i o n s  o f  uranium a r e  s h o m  i n  
T a b l e  7.  

11.- Case Xo. - 2-30; s2x - .%=l%? 
Occupa t ion  - FF Labor2 r  Ye i g h t - 68.2 kg 
Cause of Death - Lung Cancer  Age a t  Death - 68 y e a r s  
UE1.J Code So. - 163.0 Tear  of  Deith - 1967  

Enploy ed - 1 2  y e a r s  

As a l a b o r e r ,  h e  vas 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  which hand led  c o n t a n i n -  
a t e d  t r a s h .  The t r a s h  was s e a l e d  i n  boxes  f o r  d i s p o s a l .  Dur ing  t h e  1 2  y e a r s  
o f  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 o u n t s  and 
no r e p o r t a b l e  i n c i d e n t s  ic'erz document&. So u r i n e  samples  were anaLyzed f o r  
uranium d u r i n g  h is '  e r . ? l o y m n t  n o r  cia any est i2a: ' lon De nade  o f  h i s  e x p o s u r e  
t o  uranium. 

s j .  saF?ic-s  :rere aTiai?aSle  f3r a-d: ;s is ,  azd t h e  ~ C S ~ L L Z S  z r 2  sks-rn i n  T a b l e  5.  
The  l a 5 s r e r  d lsS  ajcc: 9 ; .*ars z f r e r  3 ; s  rzytgnztlon. 3il; r z c t l n u  aut:?- 

Case No. - 2-030 SCX - Yale 

Cause of  Death - 'reart A t t a c k  Age a t  Death - 42 y e a r s  
HEW Code S o .  - 456.1 Year of Death - 1962 

Employed - 10 y e a r s  

O c c u p a t i o n  - HP >!onitor Weight - 62 kg 

The H e a l t h  P h y s i c i s t  mon i to r  was a s s i p e d  t o  a p lu ton ium p r o c e s s i n g  f a c i l -  
i t y .  During t h e  13 y e a r s  of employnen t ,  a p p r o x i m a t e l y  5 h i g h  nose  swipe  c o u n t s  
vere o b s e r v e d  d u r i n g  t h e  hand1ir.g of  p lu ton ium w i t h  o n l y o n e  r e p o r t e d  e s p o s u r e  
i n c i d e n t  (1958)  i n v o l v i n g  e n r i c h e d  u r a n i u n  i n  a g r a p h i t e - b o x  e x p l o s i o n .  Kc 
u r i n e  sacples were nna1;Jzed f o r  uranium d u r i n g  t h s  p e r i o d  of h i s  employaen t .  
The  r c s d t s  of t i w  a n a l y s i s  of t i s s u e s  f 2 r  u ran i l l n  a r 2  shorn i n  T a b l e  9 .  
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Case ?:o.  - 2 - C 9 S  St?:.: - :!a? e 

Cause of Death - Ztalignanc !.!e’,3nov .Age a t  Death - 46 ~ 2 2 ~ s  
H E 3  Cad2 !:o. - 1 9 9 . 0  Year of Death - 1462 

E m p l  o l; ed - 10 y e a r s  

Occb?a t ion  - P h y s i c i s t  I;eIght - 62 k g  

The employee had nu s i g n i f i c a n t  exposure  p o t e n t i a l  t o  u r a n i u ;  having  ~-sr’:.- 
ed i n  a n o n d e s t r n c t i v e  t e s t i n g  f a c i l i t y  where mits  were  i n s T 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 i R i u n  a n a l y s i s  and no s i g n i f i c a n t  Z X ~ Q -  

s u r ?  d a t a  were r e c o r d e d .  The r e s u l t s  of t h e  t l s s u e  analysis a t e  show. in 
T a b l s  10.  

Case Xo. - 2-126 Sex - Male 

Cause of Deatn - Cirrhos-s Aga a t  Death - 5 2  ) e a r s  
HEW C02e SO. - 5 8 : .  1 , 

Occupa.,1on - Cnenlst Weight - 7 9  kg  

Year cf Dearh - 1962 
E n p  l o  y e d - 7 y e a r s  

The c a s e  was d i r e c t l y  i i ivolved ir, t h e  disposal of liquid r a d i o a c t i v e  
wastes, i n c l u d i - i g  uran ium,  i n  a waste d i s p o s a l  p l a n t .  
u r i n e  samples  a n a l y z e d  f o r  u ran lcm a r z  T S C O ~ C ~ C ! .  

No exposure d a t a  o r  

Case so.  - 3-0I.L Sex - Xale  

Cause of Death  - Card iac  Age a t  Death - 55 
HEiJ Code ?b. - 4 2 0 . 1  Year of D e a t h  - 1965 

Occupa t ion  - P h y s i c i s t  Weight - 77 k g  

Emp 1 o y ed - 2 3  y e a r s  

As a p h y s i c i s t ,  t h i s  c a s e  w;?s d i r e c t l y  invo lved  w i t h  e a r l y  r e a c t o r  d e v e l -  
opment and weapon 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 n  d u r i n g  h i s  2 3  
y e a r s  of employment was nininal  d u r i n g  t h e  f i r s t  e i g h t  years.  His pr imary  es- 
p o s u r e  t o  any uranilim w a s  a s s o c l a t e d  w i t h  f a l l - o u t  from weapons t s s t i n g .  No 
s i g n i f i c a n t  c r a n i i m  e x p o s u r e  d a t a  a r e  r z c o r d s d .  So urine sam;les  t.-i2re c o l l e c -  
t e d  f o r  u r m i L z  a n a l y s i s .  

Case KO. - 7 4 1 6  Se-; - :.la 1s 
o c c u p - .  - >!acb in i s t  L.2 i gr1 t - 5.: k g  
Cause of Death - gear: A t t a c k  Xge a t  Death - 6 1  yc23r5 
HEU Code KO. - G 2 0 . 1  Year of Death - 1 3 7 1  

Employed - 2 5  y e a r s  

The m a c h i n i s t  w a s  employed i n  a normal o r  depleted uran iun  shop f o r  2 6  
y e a r s  w i t h  a n  o c c a s i o n a l  l ow 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 ran icm f o r  14 
y e a r s  p r i o r  t o  r e t i r e m e n t .  
up to 25 p g  U/m3 w i t h  a p a r t i c l e  sizs r ange  of 0.4 t o  2 . 9  pri (>MD>(’) depending 
on 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  shop. 
l a t e r  14 y e a r s  of work was less t h a n  5 gg U/m . 
was k n o m  t o  have  extremely f i x e d  b u t  sonewhat p c c a l i a r  d i e t a r y  habits and 
a nonsmoker who u s e  s e l f - a d m i n i s t e r e d  i c e d i c i n a l s  of various types  and bor3e red  
on hypochondr i a .  His d a i l y  i n t a k e  of a l c s h o l  was s u f f i c i e n t  t o  CZUSP ~ 5 ~ 2  c l r r -  
h o s i s  of t h e  l i v e r  obse rved  a t  a u t o p s y .  

The u r i z a r y  e x c r e t i o n  p 2 t t s r n  of crnnirrzt d u r i n g  t h e  n ~ c h i n i s : ’ ~  crn~lcy?*nt  
is s h o m  i n  T a b l e  13. In J u l y  of 1967, s e v ~ r s l  g r i n ?  a a ~ l p s s . ;  !.:L’rc hig,h?r 
t h a n  n o r n a l  and i n c o n s i s t e n t  w i c h  t h e  work ln;?d i n  t h e  ur,iniuz sho:, a!:J ~ ! S U  

The a i r  c o n c e n t r a t i o z l  during h l s  e a r l y  vork  v a r l e d  

The a i r  c o n c e n t r a t i o n  it3rii:g t h e  

The m a c h i n i s t  d i e d  of a h e a r t  a t r a c k  6 months a f t e r  h i s  r e t i r e r n r n t .  He 
3 

. 

3 30 



u e r s  i!icousis:sn: c ~ t t h  t h e  obsz rv<d  a i r  s o n c z n t r a t i s n s  ani! oEhsr  ST.;,~O;:ZSS' 

ur in . i ry  z S i r 2 t  L L m .  p a t t e r n s .  His .ss:retion cf urani.:? vari;-.i t<i:h a n  avsrag2  
c o n c s n c r a t i s n  cf apprnsiziatel:.. 30 : - g / l i t c r ,  e x c e p t  f o r  a n  i l - d a y  ? e r i o ?  vhere 2 
dai l ; :  s amples  were c o l l e c t 2 d  a t  11 .GI and 4 F?! u n d z r  c o n t r o l l e d  co r .2 i t i on ;  v i t h  
a t o t a l  e s c r e t i o n  of app:-~: . : i i~~ateiy LCO, S 2 ,  ? L ,  4 0 9 ,  2 3 0 ,  195, 2 3 0 ,  168, 50,  
2 0 3 ,  2 7 5 ,  6 0 ,  21, 2 i  . . . :g  U/day .  T h i s  e x c r e t i o n  p a t t e r n  \.-as i n c o n s i s t s n t  
w i t h  h i s  xork l o a d .  T h r e z  o t h e r  n a c h i n i s : s  i n  t h e  sarne s h a p  used as F o s i t i v e  
c r n . t r o l s  had m s i g n i f i c a n t  e s c r z t i o n  of  uranium ( < 5  > g / l i : e r )  d u r i n g  t h e  sane 
p e r i o d .  A l a r g e  number of  u r i n e  s a m p l e s   ere c o l l e s t e a  du r i r . g  t h e  e n s u i n g  7 
months i n  a n  a t t e n p c  tc i d e n t i f y  t h 2  e sc re : ion  p a t t - . r n .  Evsry e f f o r t  ~ i . s  r a d 2  
t o  d e t e r m i n e  t h e  s o u r c s  of  t h e  uranium a b s e r v e d  i n  :he urine. T h e  u r a n i u n  xas 
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  depletcsd u'rnnium s i m i l a r  t o  
t h a t  n o r m a l l y  ~ o r k e d  by t h e  z a c h i n i s t .  So change i n  h i s  e ~ p o s u r e ,  p e r s o n a l  
h a b i t s  O K  p h y s i o l o g y  would a c c o u n t  f o r  t h e  i n c r e a s e d  urinar:: uraniuin e x c r e t i o n  
or t h e  d i u r n a l  v a r c a b i l i t y  o b s e r v e d .  Ur ine  s a z p l s s  c o l l e c t s d  d u r i n g  a ps r iod  
of t i m e  d u r i n g  s h i c h  t h e  m a c h i n i s t  was rtrnoved frgz t h e  u r a n i u n  tiarb were si7.i- 
l a r  t o  t h e  p r s v i a u s  pa: tern.  Samples  c z l l e c z z d  a t  ;?me o r  a t  :he shcrp -..:'er? 
found t o  c o n t a i n  l e ~ e l s  t h a t  5iere r>ndornly d i s t r i b u t s d  f r o c  ze r3  ( < 5  ;.S!'l<:er) 
t o  =lo0 p g / i i t s r .  C o n s t a n t  s u r v e i l l a n c e  of t h e  f l 2 o r i r r . e t r l c  Eraillurn anal::sis 
i n d i c a t e d  t h a t  t h e  f l u c t u a c i o n s  ver2 n c t  r s l a c e d  t o  e i :her  t h e  a n a l y t i c a l  t2ch-  
n i q u e s  o r  t h e  u r i n e  co1lec:ion p r o c e d u r e s .  3 r e a t n i n g  zone and g e n s r a l  roo3 a i r  
s a m p l e s  were found t o  be  <1c) $g t i /n3.  
no e f f e c :  oz chs random e x c r e t i o n  r a t e s  o b s e r v e d .  R e ~ o ~ : a l  of t h e  m a c h i n i s t  t o  
o t h e r  nonuranium work areas had l i t t l e  e f f e c t  OR h i s  u r a n i m  e s c r e t i o n  pattern 
u n t i l  t h e  m i d s l e  of 1308 when ar! a p p a r e n c  e x p e c t e d  and ?sw l e v e l  e x c r e t i o n  p a t -  
t e r n  w a s  r e e s t a S l i s 5 e d .  During t h e  l a s t  20 n o n t h s  p r i o r  t o  h i s  re t i rmcy: t ,  no 
s i z n i f i c a n c  uraniilm c r l c a r y  e x c r e t i o n  t ias observe?.  . 

UsFng t h e  a v a i l a b l e  d a t a ,  i t  :;as c s t l ~ . . a ~ e d  t 5 a t  the  l u n g  b u r < Z ?  o f  n m -  
t r a n s p o r t a b l e  u r z n i u n  :;as - 1 5  xs o r  30: of a per:.iss:'5le burZen f o r  de-p1?.ceci 
u r a n i u m ( ' )  in m i d  1 9 6 5 .  A f t e r  an add i : iona l  3 z c a c h s  of s t u 1 y ,  t h e  e s t i 7 3 t e  
a p p e a r s d  high, bu t  v a r i a b i l i t y  t ias t 3 o  gr-.at  t o  i ; z i r r ~ :  a c z r s  p r e c i s ?  2;cira- 
t i o n .  

So s i g 3 i f i c a n t  g r o s s  or m i c r o s c o p i c  ?z:haloz;: o t h e r  t han  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  of t h e  liver and  h e a r t  at:ack \.;ere o b s e r v e d .  O n l y  +he  r o u t i n e  
t i s s u e  sazples became a v a i l a b l e  f o r  chernical  ana1; ;s is .  The r e s u l t s  o f  t h e  
a n a l y s e s  are  s h o m  on TabLs 1 4 .  

/' 

Omission o f  t h e  v a r i o u s  n e d i c i n a l s  5ad 

,.. i h e  s s p l o y e r  \,-orksd a s  a resovsr:; p r o c e s s  a p z r s t ~ r .  S3.2 e n r r r c d  :?.e :?OS- 

p l t a l  i n  Liay o f  1 9 7 2  and d i e d  of a c u t e  granu1ocy:ic l2:Xsciz i n  O c t o b e r  cE t b a r  
y e a r  a t  t h e  a g e  of 61. Exposur2 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 : r a t i o n s  a re  skown i n  T a b l e  1 5 .  

Code KO. - 10-002 Sex - Hale 
- ?<:I Occupa t ion  - Chemical  O p e r a t o r  k's i gh t 

Cause of Death - G r a n u l o c y t i c  Leri'imiia Age a t  Deacil - 6 5  
HEW Code So. - 2Gb.1 Year o f  k a c h  - 1972 

En p I i? :: ?d - 25 yc<irs  
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DISC23 SION 

TESSXEX: K i t h  t h e  t i s s u e  c o n c e n t r a t i s n s ,  n e r e  you a b l e  t o  see a con- 
In o t h s r  words, a s  you looked a t  ezch  c a s e ,  d i d  s t a n t  r a t i o  i n  any of them? 

you f i z d  r e l a t i - ~ e l y  cons tan :  d i s E r i b u t i o n  i n  t h e  f3Ui t i s s u e s  t5a ;  y o u  a r e  d e a l -  
i n g  w i t h ?  

CAMPBELL: S o ,  d i d  n o t  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  in t i n e ,  f r o n  t h e  t i m e  o f  exposure  t o  t h e  t i n e  o f  d e a t h ,  and a l -  
so t h e  t y p e  of exposure  :he a?- had .  I i h i l e  t h e s e  vere n a c h i n i s t s ,  t h e y  pe r fo rn  
a l a r g e  number of d i f f e r e n t  t y p e s  of  machine  o p e r a t i o n s .  

TESSXZR: Did you have enough c a s e s  € o r  a compar ison?  

C.UfP3EiL: Thera were  m t  enough c a s e s  Lsl each  t y p e  of  c a t e g o r y .  

TESS4EX: A t  l e a s t  cr.e o f  t h e  c a s e s  s o e a d  t o  have  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 l m  i n  the l p ? h .  
s u e ,  lymph g l a d s  c o l l e c t e d  as  s u c h ?  

?Zen you say lyii~ph, do you nea2 l y q h o l d  t is-  

CAhlP3ELL: The r e f e r e ~ c o  i s  t o  t r a c h i a l  S r m c h i a l  lymph n o d e s .  

1. Campbell ,  E. E. ,  Y,  F. X i l l i g a n ,  IJ. D. Yoss, H. F. S c h u l t e  and J .  F. 
McInroy, Pl t i tonium i n  Autopsy T i s s u e .  
Repor t  LA-4875 (1973). 

Los Ai=-os S c i e n t i f i c  L a b o r a t o r y  

2 .  NcInroy ,  J .  F., L. J.  J O ~ R S C ~ ,  E.  E .  C a n p 3 e l l ,  V. D. Xoss a31 ti. F. 
S c h u f t e .  
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3 .  Quiple;J, J. A . ,  X. C. Hea the rcon  2nd J .  T.  Z i e g l e r .  Stc2ies of HUZ~Z - :.x- 
posure t o  C r . r . i m .  S~q~csi.~=pcsi-3 on O c c x p a t i s n a l  IiezlEfi E F c r i e n c e  aril ?rac- 
t ices  i n  t h e  C r a n i m  I n d u s r r / .  USXEC publication HISL-3S (1938). 
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t i o n a l  E e a l t h  Exper i ence  acd P r a c t i c e s  i n  t h e  l iranium I n d u s t r y .  
p u b l i c a t i o n  HAS?,-53 (1958). 
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ESAEC 

' 5 .  H y a t t ,  E. C . ,  W. D. Foss and H. F. S c h u l t e .  Pa r t i c l e  S i z e  S t u d i e s  on 
Uranium Aerosols frm ?!achining and X e t a l l u r g y  O p e r a t i o n s .  J .  of kzerican 
Hygiene A s s o c i a t i o n ,  Vol. 20 (1959). 
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TABLE 2 

U R A X I L T  IS TISSUE OF U?!EX?OSZD POPULATION 

LLTG 

LY>!?H S O D E S  

LIVE?. 
SI3?IEY 

BOXE 

5 1 8  10 - 68 6 - 89 
2 ( 3 )  2 2 ( " )  4 - 6 2 i b )  --- 

2 . 5  3 5,20,10 8 - 9 3  

20 - 30 1 2 1  1 - 110 
2 2 IO, 30 4 - 25 

-~ ~ -~ 

(1) 35 Out of 350 cases gave  a p o s i t i v e  v ~ l u e  i n  a t  leas: oile tissus. 
( 2 )  

( 3 )  

( 4 )  

KDL - X i n i n u s  d s c e c t a b l e  l e v e l  based OR a d e t s c t i o n  linit of 5 ;g U/lirer 
of solution analyzed. 
The derection l i m i t  v a r i e s  s i g n i f i c a n t l y  depend ing  on t h e  v e i g h t  of lym?li 
nodes r e c e i v e d  and t h e  volume a n a l y z e d .  
D e t e c t i o n  l i m i t  and resul:s vary  wich weigh: and voluxe; t h e  repor:ad 
valces may b s  u n d e r e s t i m a t e d  because of 2 d n e x a l  tissite. 

TA3LC 3 

LYMPH NODES 25.4 488 
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U X i T i X ' i  tXCRET:O!; OF L?,,:'*IL:~ I?: C.:S';: 1-053 

NO. OF UK-U 1 L'1I C 0'; C EST R.?T 1 ON 
XL??5LX CF POS K I V E  (LF/liter 

I'E-IR S.&':FL E 3  S X P L E S  A!'ERXE SMXIlf4w VALLE 

1950 36 34 29.6 250 

1951  19 1 2  21.7 7 3  

1952 1 9  1 9  4 b . 3  120 

1954 50 50 46 .6  210 

1953  1 5  1 5  53 250 

1955 4 9  L S  35.2 230 

1956 19 1-7' 1 3  28 

03 
Q 
Q 
8" 
J 
W 
J 

1 9 5 7  

1956 

5 5 8 

9 6 7 

TABLE 5 

14 

16 

ORGX; 

Vertebrae 

Rib 

S t e r nun 

Fenur 

>iar TO" 

Lucgs  

L ive r  

Kidney 

S p l e e n  

T r a c he ob r on c h i a 1 L>! 

? l e d i a s t i n a l  LN 

Xesenteric LS 

12L 

163 

99 

1&3 

7 

1320 

1310 

2 3 2  

383 

22* 

4G2 

1 . 4  

31 

20 

39 

10 

/>DL 

833 

5 

113 

<?DL 

>545' 

57 

' >DL 



KIUSE'I  

L I V E R  

LYXPH SODES 

397 

1776  

1 5  

1360 

2 30 

> 
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ORGAN 

ORGAS WEIGHT 
R E C E I V E D  

(8) 
-~ ~ 

LIVER 1015 

LUKG 677 

K I D N E Y  1 2 7  

TRACHEOSRONCHIAL LN 1 2  

V EET E B RA E 1 4  

ThSiE 10 

LUNG 605 18 

K I D N E Y  

L Y P P H  ?;ODE 

VERTE3RS 

1 7 9  

14  

31 

<MDL 

28 

9 0  

LYY?H XODE 

33 7 



0 RG .A :i 

1995 

1003  

16 

105 
5 

<XDL 

578 

8 7 5  

<MDL 

<MDL 

,- 

TABLE 1 3  

1957 

1958 

1959 

1963 

195; 

1963 

i96i 

1955 

1956 

1967 

1958 

1969 

1970 

1 9 7 1  

1 

9 

1 3  

4 

10 

7 

10 
4 6  

11 

301 (74 da::s) 

13 

10 

10 

1 

0 

8 

7 

1 

9 

3 

7 

27 

:: 
253 (68 d a y s )  

4 

0 

0 

0 

9.2 

5 
- 

2 1  

13 

9 

14  

3 

A 

3 

1 9  

1 9  
-? 

7 9  

35 

20 

1 2 1  

285 

11 
- 
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9c 

80 

70 

60 

50 

8 
+ 

4 0  w 
V 
c.: 
L u  
LT 

30 

20 

I O  

0 

-. 

i 

1954 

\ 

I956 

L 

1957 

1 7 0  

1958 i 6o 

0 

L '  u io 
(1 0 <IO 30- 73->110<:0 W- 70->110<10 50- 0 0  5 0 -  

10- 10- 

30 

10- 53- 90- IO- 5 0 -  90- IO- 50- 
t , , , i  I ; ! ! !  

30 70 113 30 7 0  110 30 7 0  
50  90 5 0  50 

I t !  I 

30 
50 70 

pg URANIUM, LITER 

- 
FIGVF€ 1 

Freqnency  and d i s t r i 5 u t i o n  of uraniurr! e x c r e t i o n  levels 
€ o r  nine t u b a i l o y  r n a c h i n i s t s  ovsr a 5-year  p e r i o d  

8 0 0 b 14 3 
341 



The T a b l e  c o n t z i n s  t h e  a v a l i a b i s  ba2kgrour.d infsrna:ior. on e s c Y  c a s e :  

3) 
4 )  
5) 

Case :;umber - X u n i q u e  number a s s i g n e d  t o  each cas2  a t  t h e  t i m  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  L a b o r a t a r y .  
Occupa t i an  - A g e n e r a l  d e s c r i p t l a n  of :he major wcrk r e s p o n s i b i 1 i : i e s  
of t h e  i n d i v i d 1 ~ a l s .  
R e s i d e n t  - The c i t y  of r e s i d e n c e  a t  t h e  t i m e  of d e z t h .  
S t a t e  - The s t a t e  i n  which t h e  c i t y  i s  l o c a t e d .  
Cause of Dea th  - The p r i n a r y  c a u s e  O F  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 .  
HEW Csde Sunber  - .4 s t a n d a r i z e d  n u z e r i c a l  i d 2 n t i f i c a t i o n  o f  d i s e a s ?  
a n d f o r  ? ' nys i ca l  d i s a 5 i l i t f e a  devslcped ss,d puklishzd by ::?e D e p a r t x n :  
of Healt:?, EducaLion and K e l f a r e .  
Sex - ?la12 ('1) o r  fend? (7) 
Age - Age a t  t h e  t i m e  of d e a t h .  
Years - Years of rnploycent. 
Year- Y e a r  of d e a t h .  
Kg - Weight (Kg) a t  t i ne  of d e a t h .  

Any of t h e  abovs  i n f o r m a t i a n  n o t  a - l a i l ab le  t o  us is i d e n t i f i d  ZS " X A ' ' .  
Also Lncluded i n  t 52  T a b l e  i s  in?crTatisn abou t  t h e  :LSSE~S and tie 2221- 

y c i c a l  r e s u l r r s .  

Two Ee thods  ~ . . ~ r c  used in th-7 f l u o r o m a t r i c  a n a l y s i s  of crauiun ( s e a  t e x t  
f o r  a d e s c r i p t i o n  of  each  me thod) .  T h e  n i : i i m G %  d e t e c t a b l e  l e v ? l  (?DL) f r ~ t  eat:, 
met!iod was a f u n c c i o i ?  sf :he background,  t h e  coun t  s t a t i s t i c s ,  t h e  si22 of t h e  
a l i q u o t  a n a l y z e d ,  2 tc .  
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  i n  XDL obse rved  i n  sa-nples  w:1?rz a:i 
a l i q u o t  g r e a t e r  t han  0.1 c n ?  was a n a l y z e d .  

T h e r e f o r e ,  t h e  us2 of l a rger  aliqxots i n c r e a s e d  th2 
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