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S U MMARY 

The U. S .  Transuranium Registry (USTR) serves as  a cen te r  f o r  the  
acquis i t ion  a n d  recording of the  l a t e s t  and  most precise  information of  
the t ransuranic  elements in  man a n d  t h e i r  e f f e c t s  on man. To date  14,386 
U .  S .  transuranium workers have been tabula ted ,  au thor i ty  f o r  972 autopsies  
obtained,  and 72 U. S.  autopsies  granted. 

l i censee  a c t i v i t i e s  a t  pa r t i c ipa t ing  s i t e s  a r e  discussed. 
increase in pa r t i c ipa t ion  from the  Savannah  River p l a n t  has been received 
d u r i n g  the past  year .  

Department of Energy cont rac tor  and  Nat ional  Regulatory Commission 
A s i g n i f i c a n t  

Three B r i t i s h  s c i e n t i s t s  v i s i t e d  the  USTR in 1977.  
USTR educational a n d  informational a c t i v i t i e s  were again extensive 

and varied.  
Research a t  B a t t e l l e  Northwest on bone marrow separati.on from bone 

t o  determine plutonium concentration a n d  study a t  Georgia I n s t i t u t e  of  
Technology o f  microscopic deposit ion of plutonium i n  bone were a s s i s t e d  
by the USTR. 

Richland, Washington. 
A meeting of the USTR Advisory Committee was held in June 1977 in  
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INTRODUCTION 

This report covers a c t i v i t i e s  of the U .  S .  Transuranium Regis t ry  (USTR) 
f o r  the  period October 1 ,  1976 t o  October 1 ,  1977. 

PURPOSE A N D  SCOPE OF REGISTRY 

The primary purpose o f  the Registry i s  t o  serve as  a c e n t e r  for the 
acqu i s i t i on  and recording of  the l a t e s t  and most prec ise  information on 
t h e  metabolism of  the t ransuranic  elements i n  man and t h e i r  e f f e c t s  on man. 
This i s  being done w i t h  t h e  cooperation of p a r t i c i p a t i n g  Department of 
Energy and Nuclear Regulatory Commission cont rac tor  and l i censee  nuclear  
f a c i l i t i e s  by: 

. I n i t i a t i n g  and supporting programs t o  i d e n t i f y ,  in te rv iew,  secure 
medical , heal th  physics and autopsy re1 eases , and obta in ing  tissue 
samples a t  autopsy. 
Establ ishing contac t  w i t h  terminated employees t o  obta in  pa r t i c ipa -  
t i on  i n  the Registry program. 

. 

. Overseeing processing of  autopsy t i s s u e s  by ana ly t i ca l  l abo ra to r i e s .  

. Compiling and analyzing medical and heal th  physics data  on autopsy 
cases f o r  appl ica t ion  o r  r econc i l i a t ion  w i t h  -- i n  vivo models. 
Establ ishing a base t o  provide i n p u t  t o  epidemiology mor ta l i t y  
s t u d i e s .  

. 

REG1 STRY MANAGEMENT 

Bryce D .  B re i t ens t e in ,  J r . ,  M . D .  i s  Director  o f  the Regis t ry ,  s p e n d i n g  
half- t ime i n  t h i s  a c t i v i t y .  C .  E .  Newton continues p a r t - t  
Director  and W .  D. Norwood, M . D .  continues h is  a f f i l i a t i o n  
as  a consul tan t ,  work ing  on a l imi ted  bas i s .  

The Los Alamos S c i e n t i f i c  Laboratory i s  d i r e c t i n g  a U 
worker hea l th  study which i s  a f f i l i a t e d  w i t h  the Regis t ry ,  

me as Associate 
w i t h  the Registry 

S .  plutonium 
w i t h  George 

Voelz, M . D .  and Louis Hempelmann, M.D.  serving as  pr inc ipa l  i nves t iga to r s .  
A separa te  advisory committee a s s i s t s  them in the  study design and inter-  
p re t a t ion  of f ind ings .  

B a t t e l l e  Northwest ( B N W ) ,  the  University of Utah Radiobiology Labora- 
to ry  and Argonne National Laboratory work w i t h  t he  Regis t ry ,  e spec ia l ly  i n  I 
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the f i e l d  of biology, so t h a t  animal r e s u l t s  may be co r re l a t ed  w i t h  the 
human s tud ie s .  
i n  the use of autopsy data i n  developing models t o  bes t  approximate the  
metabolism of  plutonium i n  the human body. 

B a t t e l l e  hea l th  phys i c i s t s  a r e  a l s o  working w i t h  the Regis t ry  

U. S .  TRANSURANIUM REGISTRY STATISTICAL DATA 

Tables I and I 1  i nd ica t e  the number o f  transuranium workers i d e n t i f i e d ,  
hea l th  physics and medical re leases  obtained,  autopsy premissions secured,  
au tops ies  completed and autopsy repor t s  completed f o r  1977 and 1976. 

fied among the con t r ac to r s ,  w i t h  most o f  these  coming from Rocky F la t s ,  
Hanford and Savannah River. Two ( 2 )  addi t iona l  t ransurani  urn workers were 
i d e n t i f i e d  among the  l icensees .  Oak Ridge has i d e n t i f i e d  only 14 workers 
a s  having an estimated deposi t ion of a few percent b u t  have s t i l l  not i d e n t i -  
f ied  a l a r g e r  number of  workers who would be c l a s s i f i e d  as transuranium 
workers i n  accordance with the Registry d e f i n i t i o n .  The t o t a l  number of 
transuranium workers i d e n t i f i e d  to date  i s  14,336. 

I t  w i l l  be noted t h a t  361 addi t ional  transuranium workers were ident i -  

To da t e ,  4,744 hea l th  physics and medical re leases  have been obtained.  
Most of  these  a re  from Hanford and Rocky F la t s  with Savannah River rap id ly  
increas ing  s ince  they have agreed t o  completely p a r t i c i p a t e  i n  t he  Regis t ry  
program. 

There have been 985 a u t h o r i t i e s  f o r  autopsy s igned,  120 this  calendar  
yea r ,  l a rge ly  due t o  the Savannah River e f f o r t .  Exxon Nuclear secured 8 o f  
the  1 3  a u t h o r i t i e s  f o r  autopsy secured t o  da te  from the l i censee  g.roup. 

E i g h t  au tops ies  were secured d u r i n g  the repor t ing  y e a r ,  6 by Rocky 
F la t s  and 2 by Hanford. Reports have been completed on 75 of the 87 
au tops ies  performed as  pa r t  of the Registry program, o f  which 14 were 
received from a foreign source.  

CONTRACTOR A N D  LICENSEE ACTIVITIES 

Hanford 
The l a rge  increase  i n  i d e n t i f i e d  Hanford transuranium workers from 

2332 t o  7079 r e su l t ed  from a study iden t i fy ing  transuranium workers a t  
Hanford who  l e f t  employment prior t o  1958. 
been obtained from 535 present  and former Hanford employees, and 24 autopsies  
have been performed t o  da te .  

Autopsy au thor iza t ions  have 
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BNW, w i t h  t h e  cooperation of several  o the r  1 abora tor ies  , conducted an 
in t e r l abora to ry  comparison t o  determine the re1 i a b i l  i t y  o f  r e s u l t s  from 
ana ly t i ca l  procedures f o r  th ree  l eve l s  o f  plutonium concent ra t ions .  Special 
emphasis was placed upon l abora to r i e s  processing USTR autopsy samples. The 
work was presented a t  the  Twenty-Third Annual Conference on Bioassay, En- 

vironmental and Analytical  Chemistry, September 75 and 16,  1977, Jackson 
Lake Lodge, Moran , Wyoming . 
"P1 utoniun Analysis i n  Spiked Bovine Tissues - An In te r labora tory  Study," 
V .  W .  Thomas, J r . ,  A u g u s t  10,  1977. 

The data i s pub1  i shed i n  BNWL-SA-6467 document 

Rocky F la t s  
Dr. B. D. Brei tens te in  v i s i t e d  Rocky F la t s  for a general discussion of 

t h e i r  p a r t i c i p a t i o n  i n  the  USTR a c t i v i t i e s .  Rocky F la t s  cont inues t o  have 
a very a c t i v e  program, w i t h  141 addi t ional  transuran.i u m  workers i d e n t i f i e d  
d u r i n g  the yea r .  S i x  autopsies  were performed, b r i n g i n g  the t o t a l  t o  4 2 ,  
w i t h  40 repor t s  completed. 

10s Alamos 
Autopsy repor t s  were completed on two Los Alamos cases  d u r i n g  the 

r epor t  per iod.  As a r e s u l t  of discussions w i t h  Drs. George Voelz and 
J .  F .  McInroy of  L A S L ,  an arrangement was reached f o r  t he  Regis t ry  t o  re- 
ce ive  information on 30 autopsies  completed on transuranium workers a t  
LASL p r i o r  t o  USTR p a r t i c i p a t i o n .  Major e f f o r t s  were d i r ec t ed  toward an 
epidemiological study of plutonium workers, which i s  a f f i l i a t e d  w i t h  t he  
Regi s t r y .  

Savannah River 
One hundred s ix ty - f ive  (165) heal th  physics a n d  medical re leases  were 

secured and 90 a u t h o r i t i e s  f o r  autopsy signed. To da te ,  1683 employees 
have been i d e n t i f i e d  as  transuranium workers. 

Mound Laboratorv 
Dr. 6 .  D. Brei tens te in  v i s i t e d  Mound t o  d iscuss  present pa r t i c ipa t ion  

in  the  Registry and encourage g rea t e r  p a r t i c i p a t i o n .  No addi t iona l  t r ans -  
uranium workers were i d e n t i f i e d  a t  Mound. 
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Oak Ridge 
owing Dr. Bre i t ens t e in ' s  v i s i t  t o  O a k  Ridge, agreement was reached 
T. A .  Lincoln would contact  fo r  Registry pa r t i c ipa t ion  cu r ren t ly  
or terminated ORNL t ransuranic  workers with estimated body deposi- 
any t ransuranic  elements equal t o  or exceeding 25% of the  permissible 

Argonne National Laboratory 
B .  D .  Bre i tens te in  v i s i t ed  Argonne twice t o  encourage pa r t i c ipa t ion  

in  the  Registry a n d  t o  supply information. 

Ba t t e l l e  Memorial I n s t i t u t e  
Dr. Bre i tens te in  v i s i t ed  Ba t t e l l e  Columbus t o  supply information t o  

the Medical Director ,  Robert L .  Levi t in ,  M . D . ,  and o the r s .  I t  i s  an t ic ipa ted  
t h a t  they w i l l  begin pa r t i c ipa t ion  in the USTR program in the near fu ture .  

LICENSEES 

Mr. Idecker of Nuclear Fuel Serv ices ,  I n c . ,  Erwin, Tennessee p l a n t ,  
was asked t o  supply the Registry with a l i s t  of t h e i r  transuranium workers 

WHOLE BODY AUTOPSY CONSENTS 

Four consents for  whole body donation have been secured from USTR 
One of the consenting r eg i s t r an t s  has a p l  utoni um deposit ion r e g i s t r a n t s .  

estimated t o  be several  times g rea t e r  t h a n  t hc  maximum permissible body 
burden. 

EDUCAT ION AN D I N FORMAT I ON ACT I V I T I ES 

Annual  Le t t e r  
The a n n u a l  l e t t e r  t o  autopsy r e g i s t r a n t s  (Appendix 1 )  was mailed t o  

882 transuranium workers w h o  had authorized autopsy as  of the  time of the 
ma i 1 i ng  . 

Communications - U .  S .  Government 
Annual Report f o r  October 1 , 1975 t o  October 1 , 1976 was sen t  t o  

I n  response t o  inqui ry ,  Dr. W .  W .  H .  Weyzen o f  D B E R ,  D O E  Headquarters, 

DOE , 
and t o  t he  USTR m a i l i n g  l i s t .  

was advised t h a t  of the f i r s t  50 Registry a u t o p s y  cases only 9 had  authorized 
autopsy prior t o  death.  
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Dr. Weyzen was given information by telephone on cos t  o f  developing 
records o f  a l l  U. S .  plutonium acc idents .  

February 1 ,  1977 i n  Washington, D. C .  t o  discuss  USTR a c t i v i t i e s .  
Bryce Bre i t ens t e in ,  M . D .  and Carlos Newton met w i t h  Dr. Weyzen on 

Mr. C.  T. F i t z ,  Off ice  of Chief Counsel, D O E - R L ,  requested and received 

Information on a l l  USTR annual repor t s  was suppl ied t o  lrlayne Lei 
f o r  review copies o f  a l l  USTR forms. 

Energy Programs D i  v i  s i  on , DOE-RL.  

S c i e n t i f i c  Meetings Attended and Plan t  Visits 
Dr. Bre i tens te in  at tended the Advisory Committee meeting o f  the Study 

of Health Effec ts  o f  Nuclear Industry Workers a t  Los Alamos S c i e n t i f i c  Lab- 
o ra to ry  on October 28-29, 1976. The Study i s  a f f i l i a t e d  w i t h  t h e  USTR. The 
USTR program a t  LASL was a l s o  discussed. 

ing in  S e a t t l e ,  Washington where a paper on t h e  s t a t e  of  t he  a r t  of  bone 
marrow t r ansp lan ta t ion  was presented by Dona1 1 Thomas, M . D .  

Carlos Newton held a meeting i n  Richland September 2 1 ,  1977, t o  discuss 
procurement and preparat ion of  autopsy samples f o r  the USTR, the r o l e  of  

prosec tor ,  designat ion and i d e n t i f i c a t i o n  of  samples secured a t  autopsy, 
sample weights, abnormali t ies  , shipping and s torage .  The meeting was 
a t tended  by heal th  physics representa t ives  from Rocky F l a t s ,  Los Alamos 
and 5 a t t e l l e  Northwest. 

Dr. Bre i tens te in  and Mr. Newton at tended a Health Physics Society meet- 

Registry representa t ives  v i s i t e d  Argonne National Laboratory,  Rocky 
F l a t s ,  Oak Ridge, B a t t e l l e  Memorial I n s t i t u t e  and Mound Laboratory t o  
exchange information and promote pa r t i c ipa t ion  in  the USTR program. 

Analysis of Registry Data by Sidney Wolfe, M . D .  
A request was received from a c i t i z e n  o f  Sweden f o r  an explanat ion of 

Dr. Sidney Wolfe's ana lys i s  of f indings reported in  " U .  S. Transuranium 
Registry Study of Thir ty  Autopsies ,"  W .  D. Norwood and C .  E .  Newton, J r . ,  
Health Physics,  Vol. 28, June 1975, pp .  669-675. The Registry response 
c i t e d  a l e t t e r  t o  the Edi tor  o f  American - Medical News, July 19, 1976 and 
"An Autopsy Study of  Cancer P a t i e n t s , "  The Journal -- of the American Medical 
Associat ion,  Vol. 221 , No. 13,  September 2 5 ,  1972, ind ica t ing  the  inapprop- 
r i a t e n e s s  o f  the  Regis t ry  mater ia l  for  the  s t a t i s t i c a l  use a s  appl ied by 
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Dr. Wolfe. This i ssue  was discussed a t  length i n  the  l a s t  USTR annual 
repor t  . 

Other Communications 
A l e t t e r  was sen t  t o  the USTR mailing l i s t  request ing discussion on 

the need t o  do e f f e c t i v e  separat ion and assay of bone marrow and marrow- 
f r e e  bone and autoradiography of bone. 

Requested information was furnished the Los Alamos S c i e n t i f i c  Labora- 
to ry  f o r  inc lus ion  i n  the revised protocol f o r  t he  Study o f  Plutonium Workers. 

Group, on USTR autopsy data  provided in  October 1976. 

Savannah River Plant  a t  the request  o f  Dr. George Poda. 

Reissland, National Radiological Protect ion Board, Harwell Didcot, Oxford- 
shire,  U . K .  

Inforniation on heal th  and sa fe ty  problems of  concern t o  the publ ic  i n  

A requested update was provided John Abbotts, Public I n t e r e s t  Research 

A suggested procedure f o r  processing of  whole bodies was furnished the 

Additional information on USTR autopsy cases was s e n t  t o  Mr. J .  A. 

the  operat ion of  commercial nuclear  reac tors  was suppl ied t o  Dr. Richard 
Sut te r ,  Director  of  the Sutter Occupational Health C1  i n i c ,  S t .  Louis,  Missouri. 

In response t o  a request  from Dr. J .  L .  Weeks, Director ,  Health and 
Safety Divis ion,  Whiteshell Nuclear Research Establishment o f  Atomic Energy 
o f  Canada Limited, Dr. Norwood furnished information on a 1973 insurance 
case i n  which he served as consul tan t .  The case involved a s o f t  t issue 
sarcoma, a l legedly  caused by handling a box housing a carboy containing 
a plutonium 

Dr. N .  
v i s i ted  the 
o t h e r  agenc 

Dr. G .  

s o l u t i o n ,  which was leaking.  

V i s i t s  from Other Pro jec ts  
S c o t t ,  Chief of  Medical Serv ices ,  A . E . R . E . ,  Harwell, U . K .  , 
USTR a s  p a r t  of an informational t o u r  and discussions with 
es . 
W .  Dolphin and Mr. J .  A .  Reissland from the  National Radiological 

Protect ion Board, Harwell, England, met w i t h  Carlos Newton, Or. B .  D.  Breiten- 
s te in  and representa t ives  from B a t t e l l e  Northwest t o  discuss  the  USTR autopsy 
program. 

News Media Requests f o r  Information 
Mr. Fred G i l l i e s  o f  the  Denver Post requested de ta i l ed  information on 
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USTR Rocky F la t s  autopsy cases ,  including general f indings on plutonium or 
tox ic  mater ia l s  a n d  incidence of  bone sarcoma. He was supplied with the USTR 
annual repor t  f o r  the  period October 1,  1975 t o  October 1 ,  1976 a n d  supple- 
mentary information on Rocky Fla t s  autopsy cases from t h a t  repor t  period t o  
t h e  time o f  h i s  request .  Mr. E .  A .  Putzier  of the Rocky F la t s  Plant was 
informed of Mr. G i l l i e s '  request and the  USTR response. A copy of the 
r e su l t i ng  a r t i c l e  i s  a t tached as Appendix 2 .  

Dr. Bre i tens te in  responded t o  questions posed by J i n i  Dalen of the  
Tri-City Herald on health e f f e c t s  i n  r e l a t ion  t o  occupational rad ia t ion  
exposure l eve l s  f o r  external  and in te rna l  rad ia t ion .  

USTR DATA SYSTEM 

A meeting was held w i t h  Mr. M .  E .  Nordberg of  Boeing Computer Serv ices ,  
Inc. preliminary for  implementation of t he  employee record d a t a  portion of 
t he  USTR d a t a  system. 
in ea r ly  1978. 

I t  i s  an t ic ipa ted  t h a t  t h i s  system wi l l  be operat ional  

RESEARCH ON AUTOPSY PROBLEMS 

Two items of major i n t e r e s t  t o  the Registry a r e  ( 1 )  separa t ion  o f  bone 
marrow from bone and  determination of t h e i r  a c t i v i t y ,  a n d  ( 2 )  determination 
of the microscopic deposit ion of plutonium in bone as an a i d  in determining 
the  d i s t r i b u t i o n  f ac to r  t o  be used in determining the e f fec t iveness  of the 
alpha rad ia t ion  in producing bone sarcoma i n  humans. 

Mr. Ira1 Nelson of BNW was contacted regarding methods of separa t ing  
bone marrow from bone. Using a method of washing o u t  the bone marrow, and  

applying a t r a c e r  t o  determine e f f ec t iveness ,  he reported t h a t  the  r e s u l t s  
were disappoint ing.  Discussions have been held with h i s  successor ,  Dr. Fred T.  
Cross, and  w i t h  Dr. Wrn. Bai r  regarding fu r the r  i nves t iga t ion .  I t  would he 
des i rab le  t o  make the best  es t imate  of P u  in t o t a l  bone before the marrow 
P u  content i s  determined. 

A t  his reques t ,  bone specimens from two USTR autopsy cases were s e n t  
t o  Dr. K. Z. Morgan, Georgia I n s t i t u t e  of Technology f o r  experimental work 
aimed a t  developing a technique f o r  determining microscopic deposi t ion of 
p l  u t o n i  um i n  bones. 
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A D V I S O R Y  COMMITTEE ACTIVITIES 

I n  discussions with Dr. W .  W .  H .  lrleyzen of D B E R ,  i t  was decided t o  
discont inue the present USTR Advisory Committee and r e s t ruc tu re  the member- 
sh ip  in l i n e  with t h e  need t o  expand a n d  develop new areas  of involvement. 
This decision was car r ied  o u t  by l e t t e r  t o  the previous Advisory Committee 
membership. A proposed agenda was prepared f o r  a meeting o f  the  Advisory 
Comrnittee on June 15 and  16 ,  1977 in Richland. 
appointed committee i s  as follows: 

The membership o f  the  newly 

J .  H. Ste rne r ,  M.D. ,  Chairman 
Dr. R. D. Evans, Vice Chairman 
C .  C. Lushbaugh, M . D .  
Dr. C.  W .  Mays 
Mr. H.  11. Parker 
Dr. John Poston 
Dr. Donovan J .  Thompson 
George L .  Voelz, M.D. 

Recommendations were made by the  Committee as follows: 

Registry included the  r e spons ib i l i t y  f o r  epidemiological s tud ie s  a n d  
t h a t  Los Alamos a l so  has a cha r t e r  t o  conduct epidemiological s tud ie s  
in r e l a t ion  t o  the t ransuranic  workers. Accordingly, i t  was recom- 
mended t h a t  b o t h  organizat ions def ine the scope of  t h e i r  programs, 
specify the  kinds of co l l  ected information required a n d  spec i f i ca l  l y  
note what  col laborat ion between the  two programs s h o u l d  and  w i l l  develop. 
The Committee recommended t h a t  Drs. Voelz a n d  Bre i tens te in  pursue the  
resolut ion of these matters and repor t  t o  the Committee t h e i r  f indings 
so  t h i s  matter may be considered in more d e t a i l .  

t o  analyze t h e  transuranium Registry autopsy samples be avoided and 
t h a t  a minimum of two l abora to r i e s  be used.  Two main considerat ions 
were t h e  technical aspects  involving laboratory i n t e r c a l i b r a t i o n s  and  
t h e  avoidance of soc iopo l i t i ca l  opponents c r i t i c i z i n g  s i n g l e  laboratory 
b ias .  I t  was emphasized t h a t  assuring low-level detect ion a b i l i t y  o f  

t ransuranic  elements a t  the  designated labora tor ies  was e s s e n t i a l .  
B a t t e l l e  Northwest, LASL a n d  Rocky Flats  were considered t h e  best 
choices a t  t h i s  time. 

1 .  The Committee noted t h a t  the  basic cha r t e r  of the  Transuranium 

2 .  The Committee recommended t h a t  the  use of a s i n g l e  laboratory 



13 

3. The Committee recommended t h a t  h i s t o p a t h o l o g i c a l  s l i d e s  be 

s y s t e m a t i c a l l y  c o l l e c t e d  f o r  a l l  f u t u r e  cases, and t h a t  a concer ted  

e f f o r t  be made t o  o b t a i n  h i s t o p a t h o l o g i c a l  s l i d e s  on p a s t  au topsy  

cases. These s l i d e s  a r e  t o  be rev iewed by a t  l e a s t  two independent  

p a t h o l o g i s t s  when r e c e i v e d  by t h e  R e g i s t r y ,  and k e p t  on f i l e .  

needed, and submi t ted  t o  DOE f o r  approva l .  I n  p a r t i c u l a r ,  t h e  Committee 

no ted  t h a t  t h e  c u r r e n t  " A u t h o r i z a t i o n  f o r  Release o f  Medica l  and Radia- 

t i o n  Exposure I n f o r m a t i o n "  was q u i t e  wide i n  scope and may need t o  be 

more s p e c i f i c .  

e f f e c t s  o f  t h e  P r i v a c y  Ac t  on t h e  s o l i c i t a t i o n  o f  such i n f o r m a t i o n ,  

as w e l l  as t h e  need f o r  a c r i t i c a l  l e g a l  rev iew  o f  t h e  " A u t h o r i t y  f o r  

Autopsy" form.  

5. It was recommended t h a t  t h e  R e g i s t r y  cons ide r  m a i n t a i n i n g  

d u p l i c a t e  records  a t  w i d e l y  separated s to rage  f a c i l i t i e s  t o  reduce t h e  

r i s k  o f  l o s s  o f  da ta .  

The m a t t e r  o f  f o l l o w i n g  up on separated t r a n s u r a n i c  employees 

4. I t  was recommended t h a t  a l l  USTR forms be rev iewed,  r e v i s e d  i f  

Inc luded  i n  these concerns o f  t h e  Committee were t h e  

6. 

was no ted  t o  r e l a t e  back t o  t h e  s p e c i f i c  i d e n t i f i c a t i o n  o f  such employees, 

and t h e  Committee made no recommendations on t h i s .  It d i d  recommend, 

however, t h a t  D r s .  Voelz and B r e i t e n s t e i n  cons ide r  t h i s  m a t t e r  and p re -  

sen t  t h e i r  f i n d i n g s  and recommendations t o  t h e  Committee f o r  t h e i r  

subsequent adv i ce .  

n e c e s s i t y  t o  o b t a i n  samples o f  bone and bone marrow, i n  p a r t i c u l a r  t h e  

femur. T h e i r  recommendation was t h a t  t h e  femur samples i n v o l v i n g  f u l l -  

c ross  s e c t i o n s  (napk in  r i n g )  be sought  v igo rous l y .  The c u r r e n t  s t u d i e s  

r e g a r d i n g  bone marrow s e p a r a t i o n  were encouraged and a s p e c i f i c  recom- 

mendation was made f o r  t h e  R e g i s t r y  t o  take  a c l o s e  l o o k  a t  t h e  e thy lene -  

d iamine e x t r a c t i o n  method o f  s e p a r a t i o n  o f  bone and bone marrow, which 

has been success fu l  i n  rad ium cases. 

7. The Comnii t t e e  made very s t r o n g  recommendations r e g a r d i n g  t h e  

8. The Committee recogn ized t h e  number o f  comp l i ca t i ons  i n v o l v e d  

i n  t h e  i n t e r p r e t a t i o n  and e x t r a p o l a t i o n  o f  da ta  f rom t h e  l a b o r a t o r y  

analyses o f  autopsy samples t o  t h a t  o f  the whole body and t h e  subsequent 

c o r r e l a t i o n  o f  t h e  da ta  w i t h  t h e  h e a l t h  phys ics  i n  v i v o  de te rm ina t ions .  
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To a s s i s t  t he  Committee i n  making  recommendations on t h i s  sub jec t ,  i t  

appointed Drs. Poston (Chairman) and  Mays t o  inves t iga t e  a n d  report  
t h e i r  f ind ings .  
them. 

Mr. Newton o f  the  USTR s t a f f  wil l  work c lose ly  with 

9.  The matter regarding the  establishment of a t ransuranic  accident  
and analysis  cen ter  was noted t o  be contained in the  o r ig ina l  cha r t e r  
of the Transuranium Registry and  a l so  inherent ly  contained i n  t he  ep i -  
demiological study being conducted by Dr. Voelz. 
Ridge Associated Univers i t ies ,  t h r o u g h  Dr. Lushbaugh's s t a f f ,  i s  
compil ing some t ransuranic  accident  d a t a .  
noted, needs c l a r i f i c a t i o n  f o r  b e t t e r  assignment of r e spons ib i l i t y .  Dis- 
cussions between Drs. Lushbaugh, Voelz a n d  Brei tenstein a r e  needed, with 
t h e i r  recommendations t o  the Committee. 

In a d d i ' t i o n ,  Oak 

This mat ter ,  the  Commi t t e e  

10.  The Committee recommended t h a t  t he  Registry continue t o  seek 
analyses of autopsy samples fo r  b o t h  the  t ransuranic  elements and  

uranium where b o t h  deposi t ions may have occurred. 
t he  Registry n o t  undertake the t a s k  of including in t h e i r  a c t i v i t i e s  
a separa te  r eg i s t ry  f o r  uranium (metal)  workers a t  t h i s  time. 
not because such a n  a c t i v i t y  would be improper or foreign t o  the 
i n t e r e s t s  of the Regis t ry ,  b u t  r a the r  t h a t  funds a re  a l ready inade- 
quate f o r  some more v i t a l  e f f o r t s  with the  transuranium elements. 

I t  recommended t h a t  

This i s  

U .  S .  TRANSURANIUM AUTOPSY CASE REPORTS 

The Following i s  a summary of completed USTR autopsy cases .  Detailed 
d a t a  f o r  these cases i s  ava i l ab le  on request  (Appendix 3 ) .  
cases have been published in previous USTR annual  repor t s .  

Many o f  these 

Causes of death have been l i s t e d ,  b u t  because of the  biased se l ec t ion  
process these cases together  do n o t  necessar i ly  r e f l e c t  the  incidence of 
any disease in the  t o t a l  population of t ransuranic  workers. Many of the  
cases have become USTR autopsy cases because of i n t e r e s t  by survivors  o r  
a t tending physicians as  t o  the nature o f  the  d isease  process present .  There 
is  no evidence a t  t h i s  time t h a t  the  diagnosed cause o f  death i s  e i t h e r  re-  
l a t e d  o r  unrelated t o  the  t ransuranic  concentrations found in  the autopsy 
t i s s u e s .  The epidemiology study o f  plutonium workers a t  the Los Alamos 
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S c i e n t i f i c  Laboratory i s  addressing the  disease incidence i ssue  i n  plutonium 
workers. 

The number of years worked i n  the  nuclear industry i s  an attempt to  give 
an es t imate  of t he  potent ia l  occupational t ransuranic  exposure, b u t  in many 
cases  the actual  exposure t o  t ransuranics  may be l e s s .  

There a re  instances o f  incomplete information in the  summary. T h i s  
represents  e i t h e r  unknown or undetermined d a t a .  
t inues  t o  be sought a n d  as i d e n t i f i e d  wil l  be added. 

I t  i s  t he  USTR i n t e n t  t o  provide anonymity f o r  i t s  cases while attempt- 
ing t o  obtain a n d  provide as much d e t a i l  as poss ib le .  

For those who are  n o t  f ami l i a r  w i t h  occupational exposure l i m i t s  f o r  
p l u t o n i u m  and  americium, the allowable l i f e t ime  systemic burden f o r  occupa- 
t i o n a l l y  exposed plutonium workers i s  40 nanocuries and  f o r  americium ex- 
posures i s  50 nanocuries. These l eve l s  were es tab l i shed  because no adverse 
human heal th  e f f e c t s  woul d be expected a t  these l e v e l s .  

case number has been assigned t o  them. 

Missing information con- 

The americium cases presented a l so  a re  plutonium cases and the same 

The term "chronic exposure" means t h a t  no s p e c i f i c  acute exposure has 
been i d e n t i f i e d .  
known a n d  o ther  therapy i s  a l s o  noted. 

au topsy  samples were obtained,  some 1 u n g  specimens separa te ly  from the 
i d e n t i f i a b l e  tracheobronchial and pulmonary lymph nodes and  in o the r  cases 
have included these nodes with the l u n g  t i s s u e  ana lys i s .  
a l l  cases i t  i s  reasonably c e r t a i n  t h a t  a t  l e a s t  some tracheobronchial  and 
pulmonary lymph nodes have been processed with l u n g  t i s s u e .  
chest  burdens a r e  reported which include l u n g  arid lymphatic t i s s u e .  
on only lung t i s s u e  have seldom been ava i l ab le .  
and separa te ly  analyzed lymphatic t i s s u e  continue t o  be sought and colJected.  

used i f  t h i s  weight was a t  l e a s t  as grea t  as t h a t  o f  standard man ( ICRP 2 3 ) .  
I f  n o t ,  standard man weights were used f o r  organ  and t o t a l  body burden ex- 
t r apo la t ions .  In  those cases where a reasonable number of representa t ive  
samples were obtained,  i . e . ,  lung, nodes, bone, l i v e r ,  muscle, kidney and 

Spec i f ic  i n j u r i e s  and inha la t ions  a re  i d e n t i f i e d  when 

The ana ly t ica l  l abo ra to r i e s  have processed, depending upon how the 

I n  p r a c t i c a l l y  

For t h i s  reason 
Results 

Data, however, on separated 

To determine the  e n t i r e  amount in an organ  the t o t a l  wet weight was 
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spleen,  the lowest concentration was used t o  es t imate  the  burden i n  un-  
sampled organs,  f o r  example b ra in ,  skin a n d  f a t .  

S t u d y  of the  autopsy d a t a  shows t h a t  the  systemic burdens o f  occupa- 
t i o n a l l y  exposed p l u t o n i u m  workers estimated by ur ina lys i s  i s  g rea t e r  t h a n  
the systemic burdens estimated from extrapolat ion of t he  values obtained in  
t i s s u e s  a t  autopsy. 

About two-thirds o f  the  cases showed plutonium t i s s u e  concentrations a t  
background o r  " f a l l o u t "  concentrat ions.  The other  one-third showed l e s s  
systemic t i s s u e  plutonium t h a n  was predicted by heal th  physics es t imates  
an temor tem . 

The ches t  burden i s  conventionally considered separa te  from the  sys- 
temic burden. 
body burden a s  presented in  the  t ab le s .  
servat ism o f  the  antemortem hea l th  physics systemic burden est imates  ; however, 
when -__ in vivo ches t  deposit ions have been estimated during l i f e  the  trend i s  
t o  es t imate  lower values t h a n  the  values extrapolated from autopsy d a t a .  

An a d  hoc committee o f  t he  USTR Advisory Committee composed of 
Drs. John Poston, Chairman, a n d  C .  W .  Mays, a s s i s t ed  by Carlos E .  Newton, 
wil l  be meeting i n  ea r ly  1978 t o  evaluate  and  recommend refinements in the  
i n t e r p r e t a t i o n  a n d  extrapolat ion of d a t a  from the  laboratory analyses o f  

the  autopsy samples and co r re l a t ion  of the  d a t a  with heal th  physics -- in vivo 
determi na t i  ons  . 

The chest  burden added t o  the systemic burden gives the  t o t a l  
I t  i s  important t o  note the  con- 
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Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause of Death: 

Nuclear Industry:  

Pre- Dea t h  Estimated 

Autopsy Es t i  mated 
Systemic Burden - nCi  : 

Systemic Burden - n C i :  
Chest  Burden - n C i :  

Total  Body Burden - nCi: 
Organ o f  Highest 

Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - nCi/g: 

Commen t s  : 

Case Number: 
Age : 
Sex : 
Years Employed i n 

Year o f  Death: 
Cause o f  Death: 

N uc 1 e a r I n d us t r y  : 

Pre- Death Es t imated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Gurden - n C i :  
Chest Byrden - nCi: 
Total  Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
Organ of  Lowest 

Concentration - nCi/g: 
Comments: 

1 

55 
M 

25 
1970 
Myocardial i n fa rc t ion  due t o  a r t e r i o s c l e r o t i c  
hear t  d i sease  

11.3 

2.38 
2 .42~10-’  
2 . 6 2  

TBLN* and Pulmonary Nodes ( 2 . 4 6 ~ 1  0-2)  

Heart (neg . ) 
Smoked 1 pkg c i g a r e t t e s  for yea r s .  
Numerous acute  inha la t ions  1952-63. Chronic 
inha la t ion  and unexcised wound 1969. 

2 

80 

M 

9 
1970 
Cerebral s t roke  due t o  a r t e r i o s c l e r o s i s  

1 .35 

3 .74~10-’  

Liver ( 1  .71 xl 0-4) 

Brain , hea r t  (neg . ) 
Nonsmoker. Chronic inha la t ion  1953 (high 
rout ine  sample) 

*Tra cheobronch i a 1 1 ymph nodes 
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Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Indus t ry :  

Pre- Death Est i ma t ed 

Autopsy Estimated 
Systemic Burden - nCi: 

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total  Body Burden - n C i :  

Organ o f  Highest 
Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - n C i / g :  

Comments: 

Case Number: 
Age : 
Sex : 
Years Employed in  

Year o f  Death: 
Cause o f  Death: 

Nuclear Indus t ry  

3 
64 
M 

26 
1971 
Myocardial i n fa rc t ion  due t o  a r t e r i o s c l e r o t i c  
hear t  d i sease  

Negative 

5 . 8 5 ~ 1  O-[ 
1 .15xl 0-3  
5 . 9 6 ~ 1  O-* 

Bone ( 5 . 8 4 ~ 1  0-6) 

Liver ( 3 . 4 1 ~ 1 0 - ~ )  
Nonsmoker. Chron 

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : 

Systemic Burden - n C i  : 

Chest Bgrden - n C i :  

Total  Body B u r d e n  - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
O r g a n  o f  Lowest 

Concentration - n C i / g :  

Corr,mentsi 

. 4  

. 66 

. M  

. 24 

. 1971 

. Suicide 

c inha a t ion  exposures. 

g u n s h o t  wound t o  head 

Negative 

. 2 .35~10-1  

. 2.55~10-1  

. TBLN ( 1 .  7 6 x 1 f 4 )  

. 2.01x10-2 

K i  dney ( 7 . 6 6 ~ 1  0-7)  
Nonsmoker. Chronic inha la t ion .  
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Case Number: . 5  
Age : 

Sex: 
. 67 
. M  

Years Employed i n  

Year of  Death: . 1972 
Cause o f  Death: . Bronchogenic carcinoma 

Nuclear Industry:  . 29 

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - nCi : . Negative 

Systemi c Burden - n C i  : . 1 .87~10-1  
Chest Burden - nCi : . 3.15x10-’ 
Total  Body Burden - nCi: . 2 . 1 8 ~ 1 0 - ~  

Organ o f  Highest 
Concentration - n C i / g :  TBLN a n d  Pul . Node ( 2 . 3 4 ~ 1 0 - ~ )  

Organ of  Lowest 
Concentrs t ion - n C i / g :  Muscle ( 2 . 2 5 ~ 1  c7) 

Comnen t s  : Smoked c i g a r e t t e s  un t i l  1967; s t a r t e d  s n u f f .  Tumors 
i n  both lungs a t  autopsy. One &urnor sample essen- 
t i a l l y  nega t ive ,  o ther  3 . 9 2 ~ 1 0 -  n C i  t o t a l .  Acute 

_ _ _ _ _ _ _ _ _ _  iohal.atiQn-from 5 contamination events .  

Case Number: 
Age : 
Sex : 

. 6  

. 72 

. M  

Years Employed in  
Nuclear Indus t ry :  . 1 2  

Year o f  Death: . 1972 

Cause o f  Death : . Myocardial i n fa rc t ion  due t o  a r t e r i o s c l e r o t i c  
hear t  d i sease  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  . 1 . 4  

Systemic Gurden - nCi: . 3.17x10-‘ 

Chest Bcrrden - n C i :  1 . 2 9 ~ 1  0-3 
Total  Body Burden - nCi: 3 . 3 0 ~ 1  O-’ 
Organ o f  Hignest 

Concentrat ion - nCi/g TBLN ( 1  -13x1 0-5)  

O r g a n  o f  Lowest 
Concentrat ion - n C i / g :  Muscl e ( 2 . 7 9 ~ 1  0-7 

I009513 Comnen t s  : Nonsmoker. Chronic inha la t ion  and skin 
absorpt ion.  



Case Nuniber: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of Death: 

Nuclear Industry:  

U.  S .  PLUTONIUM AUTOPSY CASES 

. 7  

. 66 

. M  

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : 

S y s t e n i c  Burden - n C i  : 
Chest Eurden - nCi : 
Total Body Burden - nCi: 
Organ o f  Highest 

Concentration - n C i / g :  

Organ of  Lowest 
Concentration - n C i / g :  

Comments : 

. 25 
1972  
A r t e r i o s c l e r o t i c  hea r t  disease 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry: 

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - nCi  : 
Chest Burden - n C i :  

Total  Body Burden - nCi: 
Organ of Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - n C i / g :  

1 0 0 9 5 4 1 4  Comments : 

36 

21.2 
2 . 5 7 ~ 1 0 - ’  
2 1 . 4  

Liver (6.31 xl 0-3) 

20 

Fat ( 3 . 5 1 ~ 1 0 - ~ )  
No smok n g  information. Chronic inha la t ion .  

- - - - - - - - 
8 

62 
M 

1 7  
1973 
Bronchogenic carcinoma 

Nega t i  ve 

8 . 7 3 ~ 1  0-4 
1 . 1 3 ~ 1 0 - ~  
2.0ox10- 

Pancreas (6.31 xl 0-6) 

- 
- Pipe smoker. Chronic i n h a l a t i o n .  

Bone, nodes, t e s t i c l e ,  l i v e r ,  t rachea (neg . )  
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9 Case Number: 

Age : . 59 

M 

29 

Sex : 
Years  Employed i n  

Year o f  Death: 1973 

Cause o f  Death: 

Nucl e a r  I n d u s t r y :  

Chronic  o b s t r u c t i v e  lung  d i s e a s e  

21 

Pre- Death Es t ima ted  

Autopsy Es t ima ted  

Sys t emic  B u r d e n  - n C i  : . Nega t ive  

S y s t e n i c  Burden - nCi : 
Chest Burden - n C i :  
T o t a l  Body Burden - nCi:  

3 

5.14xlO-' 
8 . 7 3 ~ 1  C3 
6.01  xl 0 - 2  

Organ o f  H i g h e s t  
C o n c e n t r a t i o n  - nCi /g :  L i v e r  ( 1  .85x1 f 5 )  

Organ o f  Lolvest Spleen  ( 5 . 5 ~ 1 0 ~ ~ )  C o n c e n t r a t i o n  - n C i / g :  
Comrnen t s  : Smoked c i g a r e t t e s  u n t i l  1964.  Chron ic  

i n h a l a t i o n .  

Case Number: 

Age : 
Sex : 

Years  Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nucl e a r  I n d u s t r y  : 11 
1973 
Amyotrophic l a t e r a l  s c l e r o s i s  

Pre- Death Es t ima ted  

Autopsy Es t ima ted  
Sys t emic  Burden - nCi:  

Sys t emic  Burden - nCi :  
Chest Bgrden - n C i :  
T o t a l  Body Burden - n C i :  

Organ o f  Hi g n e s t  
C o n c e n t r a t i o n  - nCi /g :  

Organ o f  Lowest 
C o n c e n t r a t i o n  - nCi /g :  

1 0 0 9 5 7 5  Conmen t s  : 

10  

1 0 . 8  
8 . 6 7 ~ 1  0 - 2  

1 0 . 7  

L i v e r  ( 4 . 1 2 ~ 1 0 - ~ )  

Hea r t  (1  .13xI c5) 
No smoking i n f o r m a t i o n .  Chron i c i nhal  a t i  on .  
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Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry: 

P r e  - De a t h E s t i ma t e d 

Autopsy Estimated 
Systemic Burden - n C i  : 

Systemic Burden - n C i  : 
Chest Burden - n C i :  

Total  Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - nCi / g  : 

Cormen t s  : 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death : 

Nuclear Industry:  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - nCi  : 

Chest Byrden - n C i :  

Total  Body Burden - n C i :  

Organ o f  Highest 
Concentration - n C i / g :  

Organ o f  Lowest 
Concentrati on - n C i  / g  : 

Comments: 

f 0 0 4 5 1 b  

1 1  

63 
M 

28 
1974 
Bronchogenic carcinoma 

Nega t 

2.44x 
1 . 7 3 ~  
2 . 6 1 ~  

L i  ver 

ve 

0- 

0- 
0-2 

( 5 . 6 8 ~ 1  f 5 )  

22 

Kidney with metastases ( 3 . 6 8 ~ 1 0 - ~ )  
Smoked 1 pkg .  c i g a r e t t e s  per day u n t ' l  1q73. 
R t .  lung port ion with tumor 4.06x10-' n C i  t o t a l .  

28 

1974 
Myocardial i n f a r c t i o n  due t o  hypertensive 
cardiovascular  d i sease  

9.0 

3.43 
4 . 5 9 ~ 1  O-* 
3.48 

Liver ( 1 . 1 0 ~ 1 0 - ~ )  

Fat ( 7 . 7 0 ~ 1 0 - ~ )  
Smoked g r e a t e r  than 1 package o f  c i g a r e t t e s  per 
day. Four wounds 1960, 6 1 ,  62,  62 a l l  excised - 
acute  inha la t ion  1966 e s t .  2 .6  n C i  inso luble  
in lung. Last 1972 ches t  measured negat ive.  
IV DTPA therapy given a t  time o f  each wound. 



U .  8 .  PLUTONIUM AUTOPSY CASES 

Case Number: . 1 4  
23 

Age : 

Sex: 
Years Employed i n  

Year o f  Death: 

Nuc lea r  I n d u s t r y :  

Cause o f  Death 

. 63 
M 

28 
1974 
A r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  

Pre - De a t  h Est i mated 

Autopsy Es t ima ted  

Nega t ive  

8 . 8 4 ~ 1 0 - ~  
5 . 6 3 ~ 1  C3 
9.41  x l  O-' 

Sys temic  Burden - n C i  : 

Sys temic  Burden - n C i  : 
Chest Eurden - n C i :  

T o t a l  Body Burden - nCi: 

Organ o f  Highest 
C o n c e n t r a t i o n  - nCi /g :  TBLN ( 5 . 5 ~ 1  0-5)  

Organ o f  Lowest 
C o n c e n t r a t i o n  - n C i  / g  : Muscle (Neg . ) 

Comments : Smoked c i g a r e t t e s  u n t i l  1964. Chronic  
i n h a l a t i o n .  

Case Number: . 15 

Age : 
Sex : 

. 58 

. M  

Years  Employed i n  
N uc 1 e a r  I ndus t r y  : . 21 

Year o f  Death: . 1975 

Cause of Death: Carcinoma o f  t he  stomach w i t h  m e t a s t a s e s  

Pre-Death Es t ima ted  
Sys t emic  Burden - n C i  : 

Autopsy Es t ima ted  
Sys temic  Burden - nCi:  

Chest BLirden - nCi:  
T o t a l  Body Burden - nCi :  

Organ o f  Highest 
C o n c e n t r a t i o n  - nCi/g:  

Organ o f  Lolcres t 
C o n c e n t r a t i o n  - nCi /g :  

. Nega t ive  

1 .22x1 o-2 
4 . 9 0 ~ 1  0-4 
1 . 2 7 ~ 1 0 - ~  

Stomach Tumor ( 2 . 2 ~ 1  0-5) 

Kidney ( Neg . ) 
Smoked 1-1/2 pkgs .  c i g a r e t t e s  fo r  34 y e a r s .  
No known5intake.  Tumor i n  esophagus  
4 .41  x l0 -  nCi t o t a l  



Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

U. S .  PLUTONIUV AUTOPSY CASES 

. 1 7  
, 59 
. M  

P r e  - Death Est i ma t ed 

Autopsy Estimated 
Systemic Burden - nCi: 

Systemic Burden - n C i  : 
Chest Burden - n C i :  
Total  Body Burden - nCi: 
Organ o f  Highest 

Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - nCi/g: 

Coninen ts : 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total  Body Burden - n C i :  

Organ o f  Highest 
Concentration - nCi/g: 

Organ o f  Lowest 
Concentration - n C i / g :  

1 0 0 9 5 1 8  Comments : 

. 20 

. 1976 

. Acute myocardial i n fa rc t ion  due  t o  a r t e r i o -  
s c l e r o t i c  hea r t  d i sease  

. negat ive  

. 1 . 0 7 ~ 1 0 - ~  

. 4 . 9 2 ~ 1 0 - ~  

24 

. 1 .12x10-z 

. Liver ( 2 . 3 0 ~ 1 0 - ~ )  

. Kidney ( 1  .80x10d8) 
Pipe smoker f o r  20 years  t o  1970. Urinalyses 
1952 - 1965 negat ive.  

. 32 

. 1976 

. Acute myocardia 
s c l e r o t i c  hea r t  

i n f a r c t  
d i sease  

on due t o  a r t e r  

. 2 . 0  (may change) 

. 1 . 1 7  

. 1.60 

. 2 . 7 7  

. T B L N  ( 3 . 0 1 ~ 1 0 - ~ )  

. Kidney ( 4 . 0 1 ~ 1 0 - ~ )  
C iga re t t e  smoker - stopped 1956. Acute 
inha la t ion  1962, 65 and 70 

0 -  



U .  S .  PLUTONIUN AUTOPSY CASES 
Case Nuiiiber: . 23 
Age : . 58 
Sex : . M  
Years Employed i n  

Year of Death: . 1967 
Nucl e a r  Industry:  - 9  

Cause of Death: . Acute myocardial i n fa rc t ion  due t o  a r t e r i o -  
scl  e r o t i c  hear t  d i sease  

Pre- Death Es t i mated 

Autopsy Estimated 

Systernic Burden - n C i  : . 5 . 4  

Systernic Burden - nCi : . 7 .39~10-1  
Chest Burden - n C i  : . 1 . 0 6 ~ 1 0 - ~  

Total Body Burden - n C i :  . 8 .45~10-1  

. TBLN ( 6 . 1 3 ~ 1 0 - ~ )  
Organ of Highest 

Concentration - n C i / g :  

Organ  o f  Lowest 
Concentration - n C i / g :  

Comments : 

Kidney, spleen (nega t ive ) ,  
Acute and chronic inha la t ion .  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year of Death: 
Cause of  Death: 

Nuclear Indus t ry :  

. 24 

. 50 

. M  

. 2.5 

. 1968 

. Anterior myocardial i n f a r c t i o n  due t o  
A r t e r i o s c l e r o t i c  hear t  d i sease  

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i  : . Negative 

Systemic Gurden - n C i :  

Chest BArden - n C i :  

Total Body Burden - n C i :  

. 8.10x10-3 

. 6 . 1 7 x 1 0 - ~  
1.43xlO-' 

Organ of H i  gnes t 

Organ of Lowest 
Concentra t i  on - n C i  / g  : 

Concentration - n C i / g :  

1 0 0 9 5 1 9  
Comments: 

L u n g  ( 6 . 1 7 ~ 1  0-6)  

Liver ,  kidney (nega t ive )  
Chronic i nhal a t  ion 

25 



U .  S .  PLUTONIUM AUTOPSY CASES 26 
Case Number: 
Age : 
Sex: 

. 25  

. 50 

. M  

Years Employed i n  Nuclear Industry:  . 6  

Year of Death: 
Cause of Death: 

. 1969 

. Acute myocardial i n fa rc t ion  due t o  a r t e r i o -  
s c l  e r o t i c  hea r t  d i sease  

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i :  . 0.8 

Systernic Burden - n C i :  . 1 .13~10-1  
Chest Burden - n C i :  . 1 . 4 3 ~ 1 0 - 1  
Total  Body Burden - n C i :  . 2 .56~10-1  

Organ of  Highest 

Organ o f  Lowest 
Concentration - n C i / g :  

Concentration - n C i / g :  
Commen t s  : 

Lung ( 1  .39x1 0-4) 

Kidney ( 9 . 4 2 ~ 1 0 - ~ )  
Chronic inha la t ion  

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year of  Death: 
Cause of Death: 

Nuclear Indus t ry :  

M 

8 
1970 
Methanol poisoning 

Pre-Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  

Chest Burden - n C i :  
Total Body Burden - nCi: 
Organ o f  Hignest 

Concentration - n C i / g :  
Organ o f  Lowest 

Concentration - n C i / g :  

Comments : 

. Negative 

. 9.96x10-' 

. Not sampled 

. Estimate ( 1  

. Spleen (2.71 xl 0-4) 

. Bone - sternum (negat ive)  

. Chronic inha la t ion .  Predeath ches t  s l i g h t l y  
p o s i t i v e .  



U. S.  PLUTONIUM AUTOPSY CASES 27 
Case Number: . 27 

Age : 
Sex : 

. 55 

. M  

Years Employed i n  

Year o f  Death: 1970 

Cause o f  Death: 

Nuclear Industry:  5 

Brain tumor (astrocytoma) 

P r e  - De a t h E s t i ma t ed 

Autopsy Estimated 

Systemic Burden - nCi  : . Negative 

Systemic Burden - nCi  : . 3.46xlO-’ 
Chest Burden - n C i :  . 6.63xlO-‘ 
Total  Body Burden - n C i :  . 7.01x10-1 

Organ o f  Highest 

Organ o f  Lowest 

Concentration - n C i / g :  . Lung ( 6 . 5 4 ~ 1 0 - ~ )  

Concentration - n C i  / g  : Bone - sternum (nega t ive )  
Chronic inhal a t ion  Conmen t s  : 

Case Number: 
Age : 
Sex : 

Years Employed i n  

Year of Death: 
Cause of  Death : 

Nuclear Industry:  . 13 
1970 
Metastat ic  carcinoma o f  bladder 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : 

Systemic Burden - nCi: 
Chest Burden - nCi  : 
Total Body Burden - n C i :  

Organ o f  Highest 
Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - n C i / g :  

Cornmen ts  : 
1 0 0 9 5 8  I 

1 . 2  

. 1.63  

. 44.1 

. 45.8 

. Lung (4 .41~10-’)  

. ~ e a r t  ( 9 . 0 1 x 1 0 - ~ )  

. Acute inha la t ion .  Chest predeath es t imate  
39.6 n C i .  



U. S.  PLUTONIUM AUTOPSY CASES 28 

Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : 

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - n C i  / g  : 

Comments : 

29 
28 
M 

1 2  
1970 
Suicide - gunshot wound o f  head 

. 41.2 

. 2 .87~10-1  

. 1.22 
1.50 

TBLN ( 7 . 4 6 ~ 1  

Sternum ( 3 . 6 3 ~ 1  0-6) 
Chronic inha la t ion .  

30 
47 
M 

Case Number: 
Age : 
Sex : 

Years Employed i n  18 

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  
1970 
Carci noma o f  stomach 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Chest Burden - n C i :  6 . 4 1 ~ 1 0 - ~  

Total Body Burden - n C i :  1 .86xl 0-1 

Nega t i ve 

Systemic Burden - n C i :  1 .22xl 0-1 

TBLN ( 8 . 0 5 ~ 1  f5)  Organ o f  Highest 
Concentration - nCi/g: 

Kidney ( 1 . 4 9 ~ 1 0 - ~ )  
Chronic i n h a l a t i o n .  

Organ o f  Lowest 
Concentration - n C i / g :  

1 0 0 4 5 8 2  
Cornmen t s  : 



U .  S .  PLUTONIUM AUTOPSY CASES 

. 31 

. 59 
- M  

Case Number: 
Age : 
Sex : 

29 

Years Employed i n  
Nuclear Industry:  . 15 

Year o f  Death: 
Cause of  Death: 

. 1970 

, Complications of  hear t  surgery f o r  t reatment  
of rheumatic hea r t  d i sease  

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - nCi: . 216* 

Systemic Burden - n C i  : - 9.90 

Total  Body Burden - n C i :  . 12.5 
Chest Burden - n C i :  . 2.60  

Organ of  Highest 

Organ o f  Lowest 
Concentration - n C i / g :  . Liver ( 4 . 2 1 ~ 1 0 - ~ )  

Concentrat ion - nCi/g: . Bone ( 5 . 8 5 ~ 1 0 - ~ )  

* Predeath es t imate  a t  3 0 Ci. Wound s i t e  n o t  
Acute and chronic  inha la t ion .  
obtained a t  autopsy. 
No value assigned.  

*Wound 5 y r s  o ld .  
J a  re ea th  ches t  - pos i t i ve .  

Comrnen t s  : 

- - - - - - - - - - - - - - - - - - - - - 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of  Death : 

Nuclear Indus t ry :  

. 32 

. 63  

. M  

. 10 

. 1971 
Chronic lymphatic leukemia 

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i :  . Negative 

Systemic Burden - n C i :  . 2 .95~10- ’  
Chest Bclrden - n C i :  . 1 . 9 3 ~ 1 0 - ~  

1 Total  Body Burden - n C i :  . 3.14x10- 
Organ of  Highest 

Organ of  Lowest 
Concentrat ion - n C i / g :  

Concentrat ion - n C i / g :  

, Lung ( 1 . 8 8 ~ 1 0 - ~ )  

. Bone ( 4 . 2 1 ~ 1 0 - ~ )  
Co.qmen t s  : 

1 0 0 9 5 8 3  
I Acute and chronic inha la t ion  



U. S .  PLUTONIUM AUTOPSY CASES 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : 

Systemic Burden - n C i  : 
Chest Burden - n C i  : 
Total Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
Organ of  Lowest 

Concentration - nCi/g: 

Comments : 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuc 1 e a r  Industry : 

Pre- Death Estimated 
Systemic Burden - 

Autopsy Estimated 
Systemic Burden - 
Chest Burden - n C  

Total Body Burden 
Organ o f  H i  ghes t 

Concentration - 
Organ o f  Lowest 

Concentration - 

33 
49 
M 

11  
1971 
Suicide - gunshot wound t o  head. Cerebral 
hemorrhage. 

2.2 

6 . 6 0 ~ 1 0 -  ' 
7 . 6 5 ~ 1 0 -  ' 
1.42 

Axil lary lymph nodes (4 . l ?x l !1 -~ )  

Heart ( 4 . 5 5 ~ 1  0-6) 
Chronic inha la t ion .  Three wound excis ions 
w i t h  remaining est imates  6961-0.008 ug, 
1962-0.08 u g ,  1963-(0.003 U g .  

n C i  : 

nCi : 

- n C i :  

n C i / g :  

n C i  / g  : 

f 0 0 9 5 8 4  Comments : 

34 

49 
M 

6 
1971 
Myocardial i n f a r c t i o n  due t o  a r t e r i o -  
s c l e r o t i c  hea r t  d i sease  w i t h  mu1 t i p l e  
pulmonary embol i . 

2.6 

3. 33x10-1 

4 . 1 2  
4.45 

L u n g  (2.61 xl 0-3) 

Muscle ( 4 . 1 5 ~ 1  0-6) 
Acute and chronic inha la t ion .  

30 



Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

U .  S .  PLUTONIUM AUTOPSY CASES 

- 35 
. 65 
. M  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total  Body Burden - n C i :  
Organ of  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - nCi/g: 
Commen t s  : 

. . Not known 

. 1971 

. Acute lymphoblastic leukemia 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of Death: 

N uc 1 ea r I n d us t ry : 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Gurden - n C i :  

Chest Burden - n C i :  

Total  Body Burden - n C i :  

Organ o f  Hi gnes t 
Concentration - nCi/g: 

Organ of  Lowest 
Concentration - n C i / g :  

Comments : 

0.2 

7.01 x ~ O - ~  
1 .14x1od3 

31 

7 . 1 2 ~ 1 0 - ~  

Spleen ( 2 . 2 6 ~ 1  0-5)  

Liver ( 4 . 9 9 ~ 1  O-’) 
Chronic i n h a l a t i o n .  

9 
1971 
Myocardial i n f a r c t i o n  due t o  a r t e r i o -  
s c l e r o t i c  h e a r t  d i sease  

4 1 . 2  

1.03 
19.8 
20.9 

Pul . nodes ( 3 . 2 9 ~ 1 0 ~ ~ )  

Fa t ,  h e a r t ,  t rachea (nega t ive )  
-__ In vivo ches t  deposi t ion est imated 17.6 n C i ;  
t o t a l  body approximately 18 n C i .  



U .  S .  PLUTONIUM AUTOPSY CASES 

Case Number: - 37 
Age : . 63 
Sex : . M  

Years Employed i n  
Nuclear Industry:  . 27  

Year o f  Death: . 1971 
Cause of Death: . Dissecting aneurysm o f  t he  a o r t a  

32 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - nCi : - Negative 

Systemic Burden - n C i  : - l.O4xlO-’ 
Chest Burden - nCi : - 3 . 4 9 ~ 1  O d 2  

Total  Body Burden - n C i :  - 1 .38xl 0-1 
Organ o f  Highest 

Organ of  Lowest 
Concentration - n C i / g :  Liver ( 4 . 7 0 ~ 1 0 - ~ )  

Concentration - n C i / g :  - Sternum ( 1  .61 XI 0-6) 
Comments : - No known in take .  

Case Number: - 38 
Age : 
Sex : 

* 55 
- M  

Years Employed i n  
Nuclear Industry:  - 1 6  

Year of  Death: * 1972 
Cause of Death : - Metas ta t ic  adenocarcinoma o f  bronchus 

and lung 

Pre-Death Estimated 

Autopsy Es timated 
Systemic Burden - n C i :  - Negative 

Systemic Gurden - n C i :  . 1 . 3 1 ~ 1 0 ~ ~  

Total  Body Burden - n C i :  . 1 . 4 0 ~ 1 0 - ~  
Organ o f  Highest 

Organ o f  Lowest 

Chest Bgrden - n C i :  . 9 . 0 1 ~ 1 0 - ~  

Concentration - n C i / g :  . P u l  . nodes ( 5 . 9 8 ~ 1 0 - ~ )  

Concentration - n C i / g :  . Heart,  lung, brain (nega t ive)  
Cornmen t s : . 1 / 2  pkg.  c i g a r e t t e s  per day t o  1970. 



U. S.  PLUTONIUM AUTOPSY CASES 33 

Case Number: 

Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of  Death : 

Nucl e a r  Industry: 

P re- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  
Chest Burden - n C i :  

Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 

Organ o f  Lowest 
Concentration - n C i / g :  

Comments: 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of  Death: 

Nuclear Industry: 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden  - n C i :  

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total Body Burden - n C i :  

Organ o f  Highest 
Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - nCi/g: 

Comments: 
1 0 0 $ 5 8 ?  

39 
25 
M 

1 
1972 
Shock and exposure due t o  f a l l  i n  the 
mountains 

Negative 

2.12xl o-2 
1.21 xl  0-1 
1 . 4 2 ~ 1  0-1 

TBLN ( 3 . 6 4 ~ 1  c4) 
Thyroid (nega t ive )  

40 
60 M 

Not known 
1972 
Acute myocardial i n f a r c t i o n  due t o  a r t e r i o -  
s c l e r o t i c  hea r t  disease 

Nega t i  ve 

Pul . nodes ( 3 . 8 6 ~ 1  0-4) 

Heart ,  spleen,  bone (neqat i  ve) 



U .  S .  PLUTONIUM AUTOPSY CASES 34 
Case Number: 
Age : 
Sex : 

. 41 

. 49 

. M  
Years Employed i n  

Year of Death: 

Nucl e a r  Industry : . 15 
t .  1972 

Cause o f  Death: 

Pre- Death Estimated 

Autopsy Es timated 
Systemic Burden - n C i  : 

Systemic Burden - n C i  : 
Chest Burden - n C i :  
Total Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
Organ of Lowest 

Concentration - n C i / g :  
Comments : 

Case Number: 
Age : 

Sex : 

. Metastat ic  melanoma - primary s i t e  
undetermined 

- Negative 

- Nega t i ve 
- 1.46x10-’ 
. 1.46xlO-’ 

Bone, kidney, sp l een ,  thyroid and f a t  (nega t ive )  
- Liver not  analyzed. 

. 42 

. 53 

. M  
Years Employed i n  

Nucl e a r  I ndus t r y  : - 15 
Year of Death: - 1971 
Cause of  Death: - Cirrhos is  o f  l i v e r  

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  - 7.6 

Systemic Burden - n C i :  * 1.37 

Total Body Burden - n C i :  10.0 
Chest Burden - n C i :  - 8.68  

Organ of Hi gnes t 

Organ  of Lowest 
Concentration - nCi/g: 

Concentration - nCi/g: 

- P u l  . nodes ( 8 . 0 4 ~ 1  O-’) 

Larynx- trachea ( 4 . 3 2 ~ 1  c7) 
Commen t s  : . 1-1/2 p k g  c i g a r e t t e s  f o r  30 yea r s .  
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Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause of Death: 

Nuclear Industry: 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - nCi  : 

Systemic Burden - n C i  : 
Chest Burden - n C i :  
Total Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - n C i / g :  

Comrnen ts : 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year of Death: 
Cause of Death : 

Nucl e a r  Industry : 

- 43 
* 60 
* M  

. Not known 

. 1972 

. Myocardial i n f a r c t i o n  w i t h  v e n t r i c u l a r  
wall rupture due t o  a r t e r i o s c l e r o t i c  hea r t  
d i sease  

. Negative 

. 8 . 1 1 ~ 1 0 - ~  

. 9 . 6 5 ~ 1 0 - ~  

. 1 . 7 8 ~ 1 0 - ~  

. Thyroid ( 8 . 8 3 ~ 1 0 ~ ~ )  

. Heart (nega t ive )  

. Chronic inha la t ion .  

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total Body Burden - n C i :  

Organ of Hi gnes t 
Concentration - n C i / g :  

O r g a n  of Lowest 
Concentration - nCi/g: 

Comments : 

1009589 

* 44 
. 46 
. M  

- 9  

. 1972 

. Adenocarcinoma of k i d n e y  w i t h  metastases .  

. Negative 

. 1.48x10-’ 

. 2.13x10-’ 

. 3 .61~10- ’  

. 

. Kidney ( 7 . 8 3 ~ 1 0 - ~ )  

. Chronic inha la t ion .  

Pul . nodes ( 2 .  37x10-1 ) 



U. S.  PLUTONIUM AUTOPSY CASES 36 

Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry: 

Pre- Death Estimated 

Autopsy Es timaied 
Systemic Burden - n C i  : 

Systemic Burden - n C i  : 
Chest Burden - nCi : 
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - n C i  / g  : 
Comments : 

- 45 
- 51 
* M  

2 
1972 
Head in ju ry  due t o  automobile accident  

1.24 

3.57~10-1 
7 .64~10-  ' 
1.21 

Lung ( 7 . 5 9 ~ 1  f4) 

Heart (nega t ive )  
Chroni c i nhal a t i  on .  

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year of Death: 
Cause o f  Death: 

Nuclear Industry: 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  

Chest Burden - n C i :  
Total Body Burden - nCi  

Organ o f  Highest 

Organ o f  Lowest 
Concentration - n C i / g :  

Concentration - n C i / g :  
Comments: 

I O 0 9 5 3 0  

. 46 

. 55 
- M  

. 1 7  

. 1972 

. Ruptured myocardium from myocardial i n -  
f a r c t i o n  due t o  a r t e r i o s c l e r o t i c  h e a r t  d i sease .  

. 3 . 2  

. 2 .05~10-1  

. 1 . 6 4 ~ 1 0 - ~  

. 2.21x10-1 

. TBLN ( 5 . 0 7 ~ 1 0 - ~ )  

. Spleen (nega t ive )  



U. S.  PLUTONIUM AUTOPSY CASES 

Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre- Dea t h Estimated 

Autopsy Es timated 
Systemic Burden - n C i :  

Systemic Burden - n C i  : 
Chest Burden - nCi  : 
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - n C i / g :  

Commen ts  : 

Case Number: 
Age : 
Sex: 
Years Employed i n  

Nuclear Industry:  
Year of  Death: 
Cause o f  Death: 

47 
- 55 
* M  

Not known 
- 1972 

Massive l e f t  cerebral  i n f a r c t i o n  assoc ia ted  
with squamous c e l l  carcinoma o f  the  t o n g u e  

* 3.6 

. 8 . 5 6 ~ 1 0 - ~  

. 2.56x10-* 

. 1.11x10-’ 

. Adrenal s ( 5 . 4 5 ~ 1  0-5) 

. Ki dney ( 8 . 5 2 ~ 1  f 7 )  
- Wound unexcised. 

- 48 
56 

. M  

. Not known 
, 1973 

Myocardial i n f a r c t i o n  due t o  a r t e r i o -  
s c l e r o t i c  hear t  d i sease  

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - nCi  : - 9 . 2  

Systemic Burden - n C i :  . 3.05 
Chest Burden - nCi: . 3.75  
Total Body Burden - n C i :  . 6.80 

Organ o f  Highest 

Organ of Lowest 

Concentration - nCi/g: . TBLN ( 1 . 8 7 ~ 1 0 - ~ )  

Concentration - nCi/g: . Fat ( 2 . 2 9 ~ 1 0 - ~ )  
Comments: . Also Am-241 deposi t ion.  

37 



U .  S .  PLUTONIUM AUTOPSY CASES 

- 49 
50 

* M  

Case Number: 
Age : 
Sex: 
Years Employed i n  

Nucl e a r  Industry: . 1 2  
Year of  Death: . 1973 
Cause of Death: . Astrocytoma o f  brain 

P re- Dea t h Est i mated 

Autopsy Estimated 

Systemic Burden - n C i  : . 0.88 

Systemic Burden - n C i  : . 7.85x10-‘ 
Chest Burden - n C i :  , . 2 .97~10-1  

Total Body Burden - n C i :  . 3.75~10-1 

Organ o f  Highest 
Concentration - n C i / g :  Pul . nodes ( 1 .  ~ x I O - ~ )  

Organ o f  Lowest 
Concentration - n C i / g :  . R i b  ( 4 . 1 9 ~ 1 0 - ~ )  

Comments : . Also Am-241 deposi t ion.  

Case Number: - 50 
Age : - 38 
Sex : - M  

Years Employed i n  
Nuclear Industry:  . 1 2  

Year of Death: 
Cause of Death: 

- 1973 
. Myocardial i n f a r c t i o n  due t o  a r t e r i o -  

s c l e r o t i c  hea r t  d i sease  

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i :  . 4 0 . 4  

Systemic Burden - n C i  : . 9.77xlO-’ 
Chest Burden - n C i :  . 2 . 7 1 ~ 1 0 - ~  

Total Body Burden - n C i :  . 1 . 2 5 ~ 1 0 - 1  
Organ o f  Hi ghes t 

Concentration - n C i / g :  . TBLN ( 3 . 1 1 ~ 1 0 - ~ )  
Organ of Lowest 

Concentration - n C i / g :  Kidney ( 1 .38x1 O m 7 )  
Comments: . Chronic inha la t ion  



U.  S .  PLUTONIU!”l AUTOPSY CASES 39 
Case Number: 
Age : 

Sex: 
Years Employed i n  

Year of Death: 
Cause o f  Death: 

Nuclear Industry:  

P re- Dea t h Es t i iiiii t ed 

Autopsy Estimated 
Systeiiiic Burden - n C i  : 

Systemic Burden  - n C i :  
Chest Burden - nCi : 
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - nCi/g: 
Conam ts  : 

- -  

Case Number: 

Age : 
Sex : 
Years Employed i n  

Year of Death: 
Cause of Death: 

N uc 1 e a r I n d us t r y  : 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic B u r d m  - nCi  : 
Chest Burden - n C i  : 
Tota l  Body Burden  - nCi: 

Organ o f  Highest 
Concentration - nCi/g: 

Organ  of  Lowest 
Concentration - n C i / g :  

Cornmen t s  : 

1009593 

51 
55 
M 

8 
1973 
Head in ju ry  due t o  automobile acc ident  

3.12 

8 . 1 4 ~ 1 0 ~ ~  
6 . 2 5 ~ 1  0-1 
1.44 

Pul . nodes (1.09~ 

Heart ( 2 . 2 7 ~ 1 0 - ~ )  
Also Am-241 depos 

o - ~ )  

t i o n .  

52 
52 
M 

Not known 
1974 
Cerebral s t roke  due  t o  cerebrovascular  
mal formation 

Negative 

Lung ( 3 . 6 8 ~ 1  

Spleen ( 5 . 0 9 ~ 1 0 -  ’) 

A 1  so  Am-241 depos i t i  on. 



U .  S .  PLUTONIUM AUTOPSY CASES 

Case Nuriiber: * 53 
Age : * 44 
Sex : * M  

* 9  
Years Employed i n  

Year o f  Death: . 1975 
Cause o f  Death: . Head in ju ry  due t o  automobile acc ident  

N u cl ea r I nd us t r y  : 

40 

P re- Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i  : . 0.56 

Systemic Burden - n C i :  . 4.08x10-* 
Chest Burden - n C i :  . 1 .25~10-1  
Total  Body Burden - n C i :  . 1 .66~10-1  

Organ o f  Highest 
Concentration - nCi/g: Pul . nodes (2,85xl  0-4) 

Organ o f  Lowest 
Concentration - n C i / g :  Brain (nega t ive)  

Comments: 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death : 

Nuclear Indus t ry :  

- 54 

51 
* M  

- Not known 
- 1975 
. Carcinoma o f  the  ampulla o f  Vater 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : . 0.008 

Systemic Burden - n C i :  . 5.28xlO-' 

Total Body Burden - n C i :  . 6 . 3 9 ~ 1 0 - ~  
Organ o f  Highest 

Organ o f  Lowest 

Chest Brrrden - n C i :  - 1.12x10-2 

Concentration - nCi  /g : . TBLN ( 8 . 6 6 ~ 1 0 - ~ )  

Concentration - n C i / g :  . Trachea (nega t ive )  
Comments : 

f 009594 



U .  S .  PLUTONIUM AUTOPSY CASES 41 
Case Number: - 55 
Age : * 57 
Sex: - M  
Years Employed i n  

Nuclear Industry:  - 8  
Year o f  Death: . 1975 
Cause o f  Death: . Metastat ic  squamous c e l l  carcinoma - primary 

s i t e  i n  larynx and esophagus 

Pre- Death Est i mated 

Autopsy Estimated 
Systemic Burden - n C i :  . 0.03 

Systemic Burden - n C i  : . 1.79xlO-' 
Chest Burden - n C i :  . 1 . 3 0 ~ 1 0 - ~  
Total Body Burden - n C i :  . 3.09x10-1 

Organ o f  Highest 
Concentration - nCi/g: Pul . nodes ( 2 . 9 4 ~ 1 0 ~ ~ )  

Organ o f  lowest 
Concentration - nCi/g: . Heart ( 6 . 8 7 ~ 1 0 - ~ )  

Comments : . S k i n  absorption exposures 1967 and 1968. 

Case Number: - 56 
Age : 

Sex : 
* 57 
- M  

Years Employed i n  
Nuclear Industry:  - 18 

Year o f  Death: * 1975 
Cause o f  Death: - Suicide - gunshot wound o f  head. Known 

carcinoma o f  t h e  colon 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  . Negative 

Systemic Burden - n C i :  . 1.66xlO-' 
Chest Burden - n C i :  . 1.54x10-' 
Total Body Burden - n C i :  . 3.19x10-2 
Organ o f  Highest 

Organ of Lowest 
Concentration - nCi /g :  . Lung ( 9 . 2 7 ~ 1 0 - ~ )  

Concentration - nCi/g: . Liver (nega t ive )  
Commen t s  : 



U .  S.  PLUTONIUM AUTOPSY CASES 42 
Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nucl ea r  Industry:  

Pre - Dea t h Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i  : 
Chest Burden - n C i :  

Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - n C i / g :  
Organ o f  Lowest 

Concentration - nCi/g: 
Comments : 

- 57 
. 48 
* M  

. Not known 

. 1976 

. Acute renal f a i l u r e  secondary t o  Kimmelstiel- 
Wilson syndrome due t o  d iabe tes  m e l l i t u s  

- 0.013 

. 2 . 8 5 ~ 1 0 - ~  

. 2 . 5 1 ~ 1 0 - ~  

. 5 . 3 6 ~ 1 0 ~ '  

. TBLN ( 4 . 4 2 ~ 1 0 - ~ )  

. Brain ( 9 . 2 5 ~ 1 0 - ~ )  

Case Number: - 58 
Age : - 60 
Sex : - M  

Years Employed i n  
Nuclear Industry:  - 2-2% 

Year o f  Death: 1976 
Cause of Death: . Metastat ic  carcinoma o f  p r o s t a t e ,  broncho- 

pneumonia 

Pre-Death Estimated 

Autopsy Estimated 

Systemic Burden - n C i :  . 4 0 . 4  

Systemic Burden - n C i :  . 7 .70~10-1  
Chest Burden - n C i :  . 4.51x10-1 
Total Body Burden - n C i :  . 1 . 2 2  

Organ o f  Highest 
concentrat ion - nCi/g: . T B L N  ( i . i 2 X 1 0 - ~ )  

Organ o f  Lowest 
Concentration - nCi/g: . Kidney ( 1 . 6 9 ~ 1 0 - ~ )  

Cornmen t s  : . Two minor acute  inha la t ions  - urines 
negative.  

1 0 0 4 5 9 b  



U. S .  Transuranium Regis t ry  Annual Report 10/1/76 t o  10/1/77 Erra ta  Sheet 

P. 43 Case 5 9 ;  Pre-Death Estimated Systemic Burden - n C i  
3 . 3  should read 33. 

J O O c t 5 9 7  



U. S .  PLUTONIUM AUTOPSY CASES 

Case Number: * 59 
Age : - 46 
Sex: - M  
Years Employed i n  

Nuclear Industry:  . 25 
Year of Death: . 1973 
Cause o f  Death: . Head and ches t  i n j u r i e s  due t o  automobile 

acc ident  

43 

Pre- Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - nCi  : - 3.3* 

Systemic Burden - n C i  : * 8.50 
Chest Burden - n C i :  - 36.1 

Total  Body B u r d e n  - n C i :  - 44.6 (w/o wound r e s i d u a l )  
Organ of Highest 

Organ o f  Lowest 
Concentration - nCi/g: . TBLN (9.23~10-’) 

Concentration - nCi/g: . Fat ( 1 . 6 4 ~ 1 0 - ~ )  
Conmen t s  : . Acute and chronic inha la t ions .  *Wounds 1969 

4 n C i  remaining and 1970 0 .8  n C i  remaining 
a f t e r  exc is ion .  1 - 2  pkg  c i g a r e t t e s  s ince  1945. 

-------- ----- - - - -  - - - -  

Case Number: e 62 
Age : * 60 
Sex : - M 

Years Employed i n  
Nuclear Industry:  . 28 

Year of Death: . 1972 
Cause of Death: . A i r c r a f t  acc ident  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : . 7.8 

Systemic Burden - n C i :  . 8 . 1 1 ~ 1 0 - ~  
Chest Burden - n C i :  . 2 .86~10-1  
Total Body Burden - n C i :  . 1.10 
Organ o f  Highest 

Concentration - nCi/g: TBLN ( 4 . 6 6 ~ 1  c3) 
Organ o f  Lowest 

Concentration - n C i / g :  . Thyroid, muscle (nega t ive )  
Comments : . Pipe smoker. Chronic inha la t ion  1968-1972. 

1004598 



U .  S .  PLUTONIUM AUTOPSY CASES 44 
Case Number: 
Age : 
Sex : 
Years Eniployed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre - Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - nCi  : 
Chest Burden - n C i :  
Total  Body Burden - n C i :  
Organ of  Highest 

Concentration - n C i / g :  
Organ of Lowest 

Concentration - n C i / g :  
Comments : 

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death : 

Nuclear Industry:  

63 
60 
M 

15 
1972 
Undifferent ia ted carcinoma - primar.y s i t e  
undetermi ned 

80 

13.6 
28.3 
41.9 

TBLN 

Musc ,? ,  diaphragm ( 1 . O  (1 0- 
Nonsmoker. Chronic i n h a l a t  
sarnpl es contai  n i  ng  5 . 5 3 ~ 1 3 4  

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - nCi  : 

Systemic Burden - nCi: 
Chest Burden - n C i :  
Total Body Burden - n C i :  
Organ of Highest 

Concentration - nCi/g: 
O r g a n  o f  Lowest 

Concentration - n C i / g :  

Comments: 

I009594 

e 64 
- 53 
- M  

* 12 
- 1972 
. Bronchogenic carcinoma 

1 
on. Two lun tumor 
and 1 . 2 3 ~ 1 0 - q  n C i  . 

22.0 

* 7.01 
- 7.58x10-’ 
- 7.77 

. Liver ( 2 . 3 3 ~ 1 0 - ~ )  

. Fat ( 7 . 0 ~ 1 0 - ~  

. Smoked 1-1% p k g  c i g a r e t t e s  per day f o r  34 y r s  
Stopped 1970.  Chronic i n h a l a t i o n .  



U .  S .  PLUTONIUM AUTOPSY CASES 45 
Case Number: . 81 

Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

.Nuclear  Industry:  

. 60 

. M  

. 27 

. 1977 

. Recurrent carcinoma of lung 

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : . Negative 

Systemic Burden - n C i  : . 1 . 6 0 ~ 1 0 - ~  
Chest Gurden - n C i :  . 5 . 2 5 ~ 1 0 - ~  
Total  Body Burden - n C i :  . 2 . 1 3 ~ 1 0 ~ ~  
Organ o f  Highest 

Organ o f  Lowest 

Concentration - nCi/g: . Esoph. lymph node ( 1 . 3 8 ~ 1 0 ~ ~ )  

Concentration - nCi/g: . Heart,  muscle, esophagus (nega t ive )  

Cornmen t s  : . 2-3 pkgs c i g a r e t t e s  per day f o r  49 yea r s .  
Stopped i n  1970. 

Case Number: 83 
Age : 
Sex : 

- 62 
- M  

Years Employed i n  

Year o f  Death: - 1977 
Cause o f  Death: - Metastat ic  adenocarcinoma o f  lung 

Nuclear Industry:  - Not known 

Pre- Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  - Negative 

Systemic Burden - nCi: - 1.68xlO-’ 
Chest Burden - n C i :  - 3 . 9 1 ~ 1 0 - ~  
Total  Body Burden - n C i :  . 1 . 7 2 ~ 1 0 - ~  
Organ o f  Hignest 

Organ o f  Lowest 
Concentration - n C i / g :  . TBLN ( 3 . 5 3 ~ 1 0 - ~ )  

Concentration - n C i / g :  . Spleen, h e a r t  (nega t ive )  
Conrnen ts  : 



U.  S. ,PLUTONIUM AUTOPSY CASES 46 
Case Number: 
Age : 
Sex : 
Years Employed i n  

Year of Death: 
Cause o f  Death: 

Nuclear Industry:  

Pre- Dea t h  Estimated 
Systemic Burden - n C i :  

Autopsy Estimated ' 

Systemic Burden - nCi : 
Chest Burden - n C i  : 
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - n C i / g :  
Organ o f  Lowest 

Concentration - n C i / g :  
Cominen t s  : 

84 

54 
M 

Not known 
1977 
P1 eural  mesothe ioma w i t h  c a r d i a c  metastas 

No data  

1 .33xl 0-' 
9 . 5 6 ~ 1  C4 
1 .43xl 0-' 

TBLN ( 3 . 7 5 ~ 1  0-6) 

Hepatic lymph nodes, r ib (nega t ive )  

Case Number: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of  Death: 

N uc 1 ea r In d us t ry  : 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - n C i :  

Chest Burden - nCi: 
Total Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - nCi/g: 
Comments : 

1 0 0 9 b 0  t 

86 

M 

1976 

Negative 

7.91 xl 0-4 
9.01 x ~ O - ~  
8.81 xl 0-4 

Gonad ( 6 . 8 0 ~  

Bone, kidney 

S 

o - ~ )  

r i b  t issue,  lymph nodes (neg . )  



Case Nunher: 

Age: 

Sex: 
Years Employed i n  

Year of  Death: 
Cause of Death: 

Nuclear Industry:  

U. S .  PLUTONIUM AUTOPSY CASES 

P re- Dea th  Estimated 

Autopsy Estimated ' 

Systemic Burden - n C i  : 

Systemic Burden - n C i :  
Chest Burden - n C i :  
Total  Body Burden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 

Organ o f  Lowest 
Concentration - n C i j g :  

Cormen t s  : 

47 

' 87 
* 65 
. M  

. 1976 

. Acute myocardial i n f a r c t i o n  w i t h  c a r d i a c  rup-  
t u r e  due t o  a r t e r i o s c l e r o t i c  h e a r t  d i sease  

Yegati ve 

- 5.99x10-1 
- 4.54x10-' 
- 1.05 

- P u l  . nodes ( 2 . 5 3 ~ 1 0 - j )  

. Muscle ( 5 . 4 6 ~ 1  0-7) 



F , ? R C I G N  P L U l O 1 ~ 1 U I l  AUTOPSY CASES 48 

C a s e N uinber : 

Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Dzath: 

1:ucl e a r  Indus t ry  : 

P rc- D?a t h Es i i n;a i ed 

Autopsy E s t i m t e d  
Systemic 6ut-den - n C i :  

Systemic 8urden - n C i  : 
Chest Gurden - n C i :  

Total  Body Burden  - n C i :  
Organ  o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentrati  on - n C i  /g : 

Corixnts :  

Czse Xuziber: 
Age : 
Sex : 

* 65 
- 38 
. Not known 

. 18 

. 1974 

. Car crash 

- Negative 

. 1 .65~10-1  

- 2 .84~10-1  
- 1.19x10-1 

. TBLN (1.35~10-’) 

. Bone ( 4 . 6 5 ~ 1 0 - ~ )  

- 66 
. 60 
. Not known 

Years Employed i n  
Nuclear Indus t ry :  11 (11  years  a s  P u  worker) 

Year o f  Death: 
Cause o f  Death : 

. 1963 

. Coronary thrombosis 

P re-  Dea t h  Estimated 

Autopsy Estimated 
Systemic Burden - n C i  : - 4 2  

Systemic Burden - nCi: . 2.72~10-1  
Chest Byrden - n C i :  . 5 . 8 0 ~ 1 0 - ~  

Total  Body Burden  - n C i :  . 3 . 3 0 ~ 1 0 - ~  

Organ o f  H i  ghes t 

O r g a n  o f  Loviest 
Concentration - nCi/g: 

Concentration - n C i / g :  

Liver, 1 ung  (5.61 xl 0-5) 

Mediastimum (1.67~10-’)  

Coxxents : 
1 0 0 9 b 0 3  



F 3 R E  I GN P L U l O l ;  I Uif AUTOPSY CASES 49 

Case Nuciber: 

Age : 
Sex: 

Years Employed i n  

Year o f  Death: 
Cause of  Dcath: 

Nuclear Industry:  

Pre-D?aih Estimated 

Autopsy Estimated 
Systenic  Burden - n C i :  

Systemic Burden  - n C i  : 
Chest Eurden - nCi : 
Total body B u r d e n  - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 

O r g a n  o f  Lowest 
Concentration - nCi/g: 

Comien t s  : 

Czse KuaSer: 
Aoe : 
Sex : 

Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

Nuclear Indus t ry :  

P re- Dea t h  Estimated 

A u  topsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - nCi: 
Chest Bgrden - nCi: 
Total Body B u r d e n  - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
O r g a n  o f  Lovjes t 

Concentration - nCi/g: 
Loments:  f 0 0 Q b 0 4 

67 
- 46 
. Not known 

. 

. 1974 

. Coronary thrombosi s 

23 ( 9  years  a s  P u  worker) 

- 8  

2.43 

* 1.92 
- 4.35 

. TBLN (3 .39~10- ' )  

. Kidney ( 1 . 2 7 ~ 1  0-5)  

* 68 
- 50 
. Not  known 

. 23 (20 years  as a P u  worker) 

. 1973 

. Coronary thrombosis 

3.20 
5 .47  

. 8.67 

TBLN (8 .92~10- ' )  

Connective tissue ( 5 . 8 8 ~ 1 0 - ~ )  
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Case Rui:iber: 

Age : 

Sex: 

Years Employed i n  

Year o f  Death: 
Cause o f  Dcath: 

1: ucl E a  r I nd us t r y  : 

PI-c - D?a t h  Est i n a t e d  

Autopsy Estimated 
Systemic Burden  - n C i  : 

Systemic But-den - nCi  : 
Chest Burden - n C i :  
Total Body Gurden - n C i :  
O r g a n  of H ighes t  

Concentration - n C i / g :  

Organ o f  Lowest 
Concentration - nCi/g: 

Com:ilnts : 

- 69 
- 50 
* Not known 

- 
- 1973 

1 9  (18 years  a P u  worker) 

- Cerebral tumor 

- 16 

- 4.38 
- 6 . 9 5 ~ 1 0 - ~  
- 5.08 

. Liver ( 1 . 2 6 ~ 1 0 - ~ )  

. Spleen ( 8 . 7 1 ~ 1 0 - ~ )  

Case tiurnher: - 70 
Age: - 62 
Sex: - Not known 
Years Employed i n  

Year o f  Death: . 1974 
Cause o f  Death: . Bronchopneumonia 

Nuclear Indus t ry :  . 22 ( 5  years  a s  a P u  worker) 

P re-  Dea t h  Est i mat e d 

Autopsy Estimated 
Systemic Burden - n C i  : - 42 

Systemic Burden - nCi: 
Chest Bsrden - nCi: 
Total Body B u r d e n  - n C i :  

Organ o f  Highest 
Concentration - nCi/g: 

Organ of Lowest 
Concentration - nCi/g: 

- 6 .56~10-1  

- 0.46x10-’ 

. TBLN ( 2 . 5 0 ~ 1 0 - ~ )  

. Kidney ( 1 . 9 4 ~ 1 0 - ~ )  

- 1 .  90x10-1 

C o n e n t s :  

1 0 0 9 b U S  
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Case Nuiiiber: - 71 
A g e  : - 60 

Sex : - Not known 

Years Employed i n  
tjuclear Industry:  . 12 ( 4  years  as Pu  worker) 

Year o f  Death: 
Cause o f  Death: 

. 1964 

. Bronchi t is  

P r e -  Death Esii ma t e d  

Autopsy Estimated 

. 12 Systemic Burden  - n C i  : 

Systenic  But-den - n C i  : 
Chest Eurden - n C i :  

Total  Body Burden - n C i :  

. 6 .31~10-1  

. 7.30~10-’  
1.36 

Lung ( 7 . 2 4 ~ 1  C4) 

. Kidney ( 8 . 0 6 ~ 1 0 - ~ )  

Organ  o f  Highest 

Organ o f  Lowest 

Concentration - nCi/g: 

Concentration - n C i / g :  
Corr.;nents : 

Czse Rumber: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause o f  Death : 

Nuclear Industry:  

. 72 

. 55 

. Not known 

. 20 ( 9  years  a s  P u  worker) 

. 1971 

. Coronary thrombosis 

P re - De a t h Es t i  mat e d 

A u  t o  psy Estimated 

- 4  

. 2.59 

Chest Burden - n C i :  - 1 .33  
Total  Body Burden - n C i :  - 3.92 

Systemic Burden - n C i  : 

Systemic Burden - n C i :  

Organ o f  Highest 

Organ  of Lowest 
Concentration - nCi/g: 

Concentration - nCi/g: 

- TBLN ( 1 . 2 5 ~ 1 0 - ~ )  

- Kidney ( 1 . 7 8 ~ 1 0 - ~ )  
Conxen t s : 

51 



Case Nuiiiber: 

Age : 
Sex: 

F F ) R E l G N  PLUTON1Ui.l AUTOPSY C4SES 

* 73 
* 48 
. Not known 

Years Employed i n  

Year o f  Death: 
Cause o f  D z a t h :  

Nuclear Industry: . 
. 1973 
. Fractured skul l  

20 (1 year  as P u  worker) 

Prc- Gea t h  Est i n;a t ed 
Systemic Burden - n C i :  - 20 

Autopsy Estimated 
Systernic But-den - n C i :  
Chest Gurden - n C i :  
Total  Body Burden - n C i :  

. 2.40 

. 4.12x10-1 

. 2.81 

Organ o f  Highest 
Concentration - nCi/g: TBLN ( 4 . 4 5 ~ 1  0 - 3 )  

O r g a n  o f  Lovies t 
Concentration - n C i / g :  . Connective t i s s u e  ( 4 . 3 2 ~ 1 0 - ~ )  

Case l\'uli;Ser: 

Age : 

Sex: 

- 74 
- 36 
- Not known 

Years Employed i n  

Year o f  Death: 
Cause o f  Death: Acute 1eukerni.j. 

Nuclear Indus t ry :  13 ( 7  years  a s  P u  worker) 
1971 

Pre-Death Estimated 

Autopsy Es t ima ted  

Systemic Burden - n C i :  . 16 

Systemic Burden - n C i :  . 2.86 
Chest Bsrden - n C i :  . 2.98 
Total-Body Burden  - n C i :  . 5.84 

Organ o f  Highest  

O r g a n  o f  LO!.!eSt 

Concentra t i  on - nCi  / g  : 

Concentration - n C i / g :  

Cornxen t s  : 

52 

L u n g  (1  . 3 0 ~ 1 0 - ~ )  

Bone ( 1 . 1 3 ~ 1 0 - ~ )  



F3REIGN PLUT0:iIUi.I A U l O P S Y  CASES 

Case Nullher: * 75 
Age : 49 
Sex : - Not known 
Years Employed i n  

Year o f  Death: . 1975 
Cause o f  Death: . Chronic myeloid leukemia 

Nuclear Indus t ry :  - 23 (15 years  a s  Pu  worker) 

53 

?re - Death E s t  i r,a t e d  

Autopsy Estimated 

Systemic Gurden - n C i  : - 4  

Systemic B u r d e n  - n C i :  . 3.85~10-’  

Total  Body Burden - n C i :  . 5 .94~10-1  

Organ o f  Highest 

Organ o f  Lowest 

Chest Eurden - n C i :  . 2.09x10-1 

Concentration - n C i / g :  . TBLN (1 .  7 8 x w 4 )  

Concentrstion - n C i / g :  . Kidney ( 1 . 8 6 ~ 1 0 - ~ )  

Coixiien t s  : 

Czse iiuinber: 
Age : 
Sex : 
Years Employed i n  

Year o f  Death: 
Cause of Death: 

Iiuclear Industry:  

- 76 
- 35 
- Not known 

. 8 ( 1  year  as  P u  worker) 

. 1962 

. Fractured skul l  

Pre-Death Estimated 

Autopsy Estiniated 
Sys ten ic  Burden - n C i :  . (2 

. 1 . 8 1 ~ 1 0 - 1  Systemic Burden  - n C i  : 
Chest Burden - n C i :  . 1.44 

Total Body Burden  - n C i :  . 3.25 

Organ o f  Highest 

Organ  o f  Lowest 

Concentration - nCi/g: . Lung ( 1 . 4 4 ~ 1 0 - ~ )  

Concentration - n C i / g :  Bone ( 9 . 0 0 ~ 1 0 - ~ )  

1009608- Comen t s : 
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Case fiiuinber: 
Age : 

Sex: 

Years Employed i n  

Year o f  Death: 

Cause o f  Death: 

P4 u c 1 e a r I nd us t r y  : 

Prc-Death Estimated 

Autopsy Estimated 
Systemic Burden  - n C i :  

Systemic Burden - nCi  : 
Chest Eurden - n C i :  

Total  Body 6urden - n C i :  
Organ o f  Highest 

Concentration - n C i / g :  

Organ o f  1oP:est 
Concentration - n C i / g :  

Comments : 

Ca s e I\' um5e r : 
hge : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause o f  Death: 

N uc 1 e a r I n  d us t r y  : 

Pre- Death Estimated 

Autopsy Estimated 
Sys ten ic  Burden - n C i :  

Systemic Burden - nCi  : 

Chest Burden - n C i :  
Total  Body Burden - n C i :  

Organ o f  Highest  
Concentration - nCi/g: 

O r a a n  o f  Lowest 
Concentration - nCi/g: 

77 
- 54 
. Not known 

. 18 (15 years  a s  Pu worker) 

. 1969 

. Coronary thrombosis 

- 5.87~10-1  
. 5 .97~10-1  
- 1.18 

. Lung ( 5 . 9 4 ~ 1 0 - ~ )  

. Mediastinum ( 4 . 2 9 ~ 1 0 - ~ )  

- 78 
- 54 
- Not known 

- 20 (11 years  a P u  worker) 
- 1973 
. Coronary thrombosis 

. < 2  

. 2.12x10-' 

. 1 . 1 3 ~ 1 0 - 1  
3.25x10-' 

TBLN ( 6 . 1 0 ~ 1 0 - ~ )  

. Mediastinum ( 1 . 5 3 ~ 1 0 - ~ )  

54 
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Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 

Nuclear Industry: 

Cause o f  Death: 

Prf- Death Estimated 

Autopsy Estimated 
Systemic Eurden - nCi : 

Systemic Eurden - n C i  : 
Chest Burden - n C i :  
Total  Body Burden - nCi: 
Organ o f  Highest 

Concentration - nCi/g: 
Organ o f  Lowest 

Concentration - nCi/g: 
Coments : 

Case Number: 
Age : 
Sex: 
Years Employed i n  

Year o f  Death: 
Cause of Death : 

N ucl ea r  Industry : 

. 51 

. 55 

. M  

. a  

. 1973 

. Head in ju ry  due  t o  automobile accident  

No es t imate  

- 1 .74xl 0-1 
- 1 . 6 6 ~ 1 0 - 1  
- 3 . 3 9 ~ 1  0-1 

. Lung ( 1  0 6 ~ 1 0 - ~ )  

. Kidney 2 . 1 7 ~ 1 0 - ~ )  

. A1 so pl utoni urn deposi t ion 

. Not known 

. 1974 

. Cerebral s t roke  due t o  cerebrovascular  
mal formation 

Pre-Death Estimated 

Autopsy Estimated 
Systemic Burden - n C i :  

Systemic Burden - nCi: 
Chest B3rden - n C i :  - Negative 
Total  Body Burden - n C i :  

No es t imate  

. 3 . 1 5 ~ 1 0 - ~  

- 3 . 1 5 ~ 1 0 - ~  
Organ o f  Highest 

Concentration - n C i / g :  . Heart ( 1 . 0 5 ~ 1 0 - ~ )  
Organ of Lowest 

Concentrati on - nCi / g  : . L u n g ,  ches t  nodes, bone, t rachea R esoph. ( n e g . )  
- Also plutonium deposi t ion.  
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f 45 

. 56 

56 

Case Nuciber: 
Age : 
Sex: . M  

Years Employed i n  
Nuclear Industry:  . Not known 

Year o f  Death: . 1973 

Cause of Death: 

PI-e- Death Estimated 

Autopsy Estimated 
Systemic Eurden - n C i :  

Systemic B u r d e n  - n C i  : 
Chest Eurden - n C i :  

Total  Body Eurden - n C i :  
Organ o f  Highest 

Concentration - nCi/g: 
Organ of Lowest 

Concentration - n C i / g :  

Comments : 

. Myocardial in farc t ion  due t o  a r t e r i o s c l e r o t i c  
h e a r t  d i sease  

- Unknown 

- 1.69 
- 4 . 5 9 ~ 1 0 - '  
- 2.15 

- P u l  . nodes ( 9 . Q 3 ~ 1 0 - ~ )  

. Spleen ( 2 . 3 7 ~ 1 0 - ~ )  

. A1 so pl utoni urn deposi t i on  

Case Number: - 49 
Age : - 50 
Sex : - M  
Years Employed i n  

N uc 1 e a r  I ndus t ry  : - 12 
Year o f  Death: - 1973 
Cause o f  Death: - Astrocytoma o f  brain 

Pre-Death Estimated 

Autopsy Est i mated 
Systemic Burden - n C i  : . No es t imate  

Systemic Gurden - nCi: . 1 . 8 2 ~ 1 0 - 1  

Chest Burden '- n C i :  . 1.07xlO-' 
Total  Body Burden - n C i :  . 2 . 8 9 ~ 1 0 - ~  

Organ o f  Highest 
Concentration - nCi/g: . ~ u n g  ( 1 . 0 2 ~ 1 0 - ~ )  

O r g a n  o f  Lowest 
Concentration - nCi/g: 

1 0 0 9 b l  I -  
Comen t s  : 

Trachea (1  .42x1 0-6) 

Also plutonium deposi t ion 
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April 1 ,  1977 

ANNUAL LETTER TO AUTOPSY REGISTRANTS 

Each year  the U .  S .  Transuranium Registry sends yog a l e t t e r  s i m i l a r  
t o  this  one t o  serve several  purposes. The most important i s  t o  up- 
d a t e  our records on the c u r r e n t  l oca t ions  o f  our p a r t i c i p a n t s .  
have moved, please complete and mail back the enclosed change of address 
card.  Also enclosed i s  another Registry card w h i c h  should be signed and 
c a r r i e d  w i t h  you i f  you have misplaced o r  damaged your o r ig ina l  one. 

I f  you 

I was named USTR Director  i n  J u l y  1976, succeeding W .  D .  Norwood, M.D., 
who was l a r g e l y  responsjble  f o r  founding and developing the  Registry.  
Dr. Norwood w i l l  continue a s  a USTR consu l t an t .  

We have been able  t o  i d e n t i f y  14,056 transuranium workers in the United 
S t a t e s .  
of plutonium workers. T h i s  i s  an a f f i l i a t e  program of t h e  U. S.  Trans- 
uranium Kegi s t r y .  

Los Alamos S c i e n t i f i c  Laboratory i s  b e g i n n i n g  a hea l th  study 

There a r e  now 860 r e g i s t r a n t s  i n  t h e  USTR autopsy program. Our study 
i s  continuing and expdriding as  the use of plutonium a l s o  expands and 
the increase  i n  the number of p a r t i c i p a n t s  in the Registry continues.  
I t  i s  your continued p a r t i c i p a t i o n  and cooperation i n  the Registry t h a t  
makes our program possible  and therefore  wi l l  make i t  poss-ible t o  more 
f u l l y  understand the d i s t r i b u t i o n ,  r e t e n t i o n  and the very long-time 
e f f e c t s  o f  plutonium i n  the human body. The Registry appr tx ia tes  your 
p a r t i c i p a t i o n  !'n th i s  v i t a l  program. 
our program o r  your p a r t i c i p a t i o n  in it, please write t o  m i .  

I f  you have question,.  regarding 

Sincerely,  

Bryce U .  Brei tens te in ,  J r . ,  M.D. 
D i  rec  tc r 
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By FRED CIIILIES 
Dmver Post .Stiff \ \ ’der  

.b autcrpy study of 49 US. p!ufo:jum 
n.orke.rs reveals cancer !vas :he p r i m v y  
cause of death for inore than one-third, 
incliding 13 u-ho vorked at the .Rocky 
Fla ts  nuclear rveapons plant. 

But federal researchers conducting the 
study point out that it is ‘%eavily‘biased“ 
toward cmcer, with h o u n  and suspected 
cancer cases intentionally included in the 
study. 

The families of plutonium workers who 
\sere h o i m  to have or suspeckd of hav- 
ing cancer were eager to hare those 
work.c-rs included in the stildy, acmrding 
to Dr. Bryce D. Breitenctein Jr., v:ho 
heads it. . ’ 

iZTD THE SmDY ALSO is hcavilg 
neighted wi!h data s b w t  deceased Rocky 
Fla!s employes who \ T G r h d  vilh or uere 
expcsed to radioactive plillorjurn at the 
p?ant northwest of Denver. Those em- 
ployes account for nearly 7D per cent of 
the 39 autopsies that have been completed 
or partidly completed in  the study .con- 
ducted by the U.S. Transuranium Re- 
gistry in Richland, Wash. 

Because the study is neavily biased lo- 
ward cancer and includes only a smaU 
fraction of the nation’s 20,oOO plutonium 
lvorkers, no conclusions can vet be drawn 
as to pIu!onium’s possible role in the 
cancer deaths, Breitenstein said 

“Tnere is no strong evidence of any 
excess of cancer among plutonium 
workers,” he sajd. ‘%ut we’ve not really 
looked hard enough“ 

Such a searching loot a t  plutonium 
I workers is being taken in  another federal 
study at the b s  Alamos, N.M., Scientific 
Laboratoq, Brejlensteh noted. 

HOYIEVER, HE POIi iTED OUT it is 
h o a n  that large doses of plutonium have 
cansed cancer in expfriments with 
animds. And that laboratory finding uas 
the “main reason” that the regktry 
began its  autopsy study early in 1969, he 
said. 

In the registry’s study, ‘%.e hare dis- 
covered that they slighUy overcst‘mated 
the amognt of plutonium in the body of 
the plutonium uorker wide he \vas on 
the job and somewhat underestimated 
the amount of plutonium in the workers’ 
lungs,” BreilerIstein said. “If 1r.e kneN 
eve1-y p!utonium worker !rho died m d  
h e w  the number of cancer deaths among 
that \slmle group, then ire could make a 

1 0 0 9 6 1 3  
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