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U. S .  TRANSURANIUM REGISTRY 

I NTRO DU CT I ON 

This repor t  includes general information about the  Registry s ince  
i t s  inception in l a t e  1968, together  with more de t a i l ed  coverage f o r  the 
past  year .  Previous annual repor t s  have been made t o  the  Atomic Energy 
Commission i n  conjunction w i t h  Additional J u s t i f i c a t i o n  f o r  Operating 
Costs . ( A E C  Schedule 189) and numerous a r t i c l e s  covering Registry ac t iv -  
i t i e s  have been published. 1-16 

RADIOANALYSIS OF AUTOPSY TISSUES PRIOR TO REGISTRY 
A program of co l lec t ion  and radioanalysis  of t i s s u e  samples obtained 

postmortem from plan t  workers and res idents  in the p lan t  environs has been 
maintained a t  Han,ford s ince  1949. This was f o r  developing capab i l i t y  f o r  
assessing the over-al l  e f fec t iveness  of operating cont ro ls  safet,y pro- 
cedures and  engineering safeguards incorporated i n t o  plutonium fac i  1 i t i e s  
w h i c h  cont ro l led  the re lease  o f  radioact ive mater ia l s  t o  t he  Hanford en- 
virons.  Nelson e t  a l .  reported f indings of  some 350 autops ies . '  Results 
indicated t h a t  in none of these cases permissible l i m i t s ,  es tab l i shed  by 
NCRP and ICRP,  had been exceeded. There were several  e a r l i e r  r epor t s .  
S imi la r  s t u d i e s  have been ca r r i ed  o u t  a t  Los Alamos s ince  1959. 
Lagerquist  e t  a 1 . 6  reported on the plutonium content  of several. in te rna l  
organs following death o f  an occupationally exposed Rocky F la t s  worker. 

2 , 3 2 4  
5 

ESTABLISHMENT OF PLUTON I U M  REG ISTRY 
7 In 1967, Dr. H .  D. Bruner of the Division of Biology and Medicine 

s t r e s sed  t h e  growing need fo r  a center  t o  " insure  t h a t  the d e t a i l s  of the 
continuing event can be cor re la ted  w i t h  the  worker 's  subsequent heal th  
record ."  Extensive experimental inves t iga t ion  w i t h  laboratory animals 
had demonstrated t h a t  minute q u a n t i t i e s  of plutonium, americium and 
o ther  transuranium elements could cause malignant g rowth  in the t i s sues  
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in which they a re  deposi ted.  
Registry idea grew and  the U .  S .  Atomic Energy Commission asked the Han- 
ford Environmental Health Foundat ion , w i t h  the  cooperation of Battel  l e  
Northwest Laboratories t o  develop and operate  such a r e g i s t r y .  
Registry was s t a r t e d  in August  1968. 
Registry was adopted b u t  l a t e r  changed to  the U .  S .  Transuranium Reg- 
i s t r y  t o  i nd ica t e  the broader scope of the  Regis t ry .  Dr. W .  D .  Norwood 
was named Director and was l a t e r  succeeded by Dr. J .  A.  Norcross, whose 

i l l  heal th  resu l ted  i n  his  res ignat ion and Dr. Norwood was asked t o  re -  
sume the d i r ec to r sh ip  i n  1974 u n t i l  a younger physician w i t h  competence 
in t h i s  p a r t i c u l a r  f i e l d  could be found. C .  E .  Newton, J r .  o f  B a t t e l l e  
Northwest serves  as Consultant and Associate Director .  

Following discussions and meetings, the 

The 
The name National Plutonium 

ADVISORY COMMITTEE 

Since t h a t  time the Committee has met th ree  times 
The o r i g i n a l  member- 

An Advisory Committee t o  a s s i s t  the Registry i n  long-range p l a n n i n g  
was appointed i n  1969. 
and a fourth meeting i s  planned f o r  September 1974. 
sh ip  was composed o f  Dr. R .  D.  Evans, Dr. Lloyd M. Joshe l ,  Dr. Wright H .  
Langham, Dr. C .  C .  Lushbaugh, Dr. Thoras F. Mancuso, H .  M. Parker and  
Dr. James H. Sterner .  Two changes have s ince been made. Mr. J .  H .  Hanes, 
Manager o f  the  Rocky Fla t s  P l an t ,  replaced Dr. L .  M .  Joshel , whom he 
succeeded a s  Manager a t  Rocky Fla t s  and Dr. L .  H. Hempelmann succeeded 
the l a t e  Dr. Wright Langham, whose untimely death ended a ca ree r  o f  great  
contr ibut ion i n  the f i e l d  of rad ia t ion  pro tec t ion .  

Cooperation was s o l i c i t e d  from the A E C  cont rac tors  a t  the Hanford 
Pro jec t  and only a f t e r  a year  o f  successful operation of the Registry a t  
Hanford without se r ious  problems, were o ther  A E C  cont rac tors  asked t o  
cooperate.  

Methods used t o  t e l l  employees about the program and useful forms 
were then made ava i lab le  t o  t he  o ther  cont rac tors  a n d  l i censees .  

PURPOSE AND SCOPE OF REGISTRY 
As ind ica ted  in the o r ig ina l  Schedule 189, Request f o r  Operating 

Costs,  the primary purpose of the Registry i s  t o  pro tec t  the i n t e r e s t s  
of workers, employees and  the public by serving as a n a t i o n a l  focal 
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point  f o r  the acquisitjovi and provision of the l a t e s t  and  most prec ise  
information a b o u t  the e f f e c t s  o f  the  t ransuranic  elements on man. This 
i s  being done by ( a )  e s t ab l i sh ing  the population a t  r i s k .  To date  some 
5700 workers have been so i d e n t i f i e d  and  r eg i s t e red .  ( b )  Accumulation 
a t  the local  p r o j e c t s ,  on a continuing b a s i s ,  of  t he  bes t  cu r ren t  e s t i -  
mates of the  amount and locat ion of any in te rna l  deposi t ion of any of 
the transuranium elements i n  employees and improving these determinations 
by reconci l ia t ion  with actual  burdens found in various organs a t  autopsy 
o r  by a l t e r n a t e  methods. ( c )  Following such employees c l i n i c a l l y  and 
by epidemiological methods t o  determine whether there  may be any adverse 
e f f e c t s  of such deposi ts  on heal th  or longevity and ( d )  Recording f o r  
co r re l a t ion  w i t h  o ther  known pe r t inen t  environmental work exposures.  
After  considerable  discussion i t  has been decided t h a t  the transuranium 
worker population a t  r i sk  t o  be included in the Registry i s  as fo l lous :  

A Transuranic Worker i s  defined as one: 

1 )  who has a deposi t ion of a t ransuranic  element as a r e s u l t  
of occupational exposure as evidenced by: 

a )  
b )  
c )  confirmed pos i t i ve  nasal smears or nose blows. 

confirmed pos i t ive  r e s u l t s  i n  u r ine ,  f eces ,  o r  blood 
confirmed pos i t ive  r e s u l t s  based on i n  v i v o  examination 

2 )  o r  whose occupational a c t i v i t i e s  present  a reasonable oppor-  
t u n i t y  t o  acquire in te rna l  deposi t ion of  any of the  t r ans -  
uranium elements i n  q u a n t i t i e s  g rea t e r  than  might be expected 
to  be found i n  persons who are  n o t  occupationally exposed t o  
t ransuranic  elements. 

These persons can normally be i d e n t i f i e d  by subjec t ive  
review o f  the  work assignment for the ind iv idua l .  
c r i  t e r i  a i ncl ude : 
a )  annual or more frequent  rout ine  bioassay examination 

b )  
c )  

Typical 

annual o r  more frequent rout ine i n  vivo examination 
frequent ly  exposed t o  a i rborne concentrat ions in excess 
o f  MPC 

1 0 0 9 1 2 4  
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d )  ' f requent ly  required t o  wear r e sp i r a to ry  pro tec t ion  as a 
r e s u l t  of  work assignment involving plutonium 

e )  f requent ly  required t o  wear lapel  a i r  sampler. 

There may be some minor modifications in t h i s ,  b u t  t h i s  wi l l  n o t  

There a r e  r e a l l y  two pr incipal  pa r t s  o f  the  study. 
modify the program t o  any appreciable  ex ten t .  

the employee a t  r i s k ,  during l i f e  and a t  autopsy t o  determine i f  any 
harmful e f f e c t s  may be r e l a t ed  to  the deposi t ion of these elements and 
to  compare deposi t ions in t h e  body, in organs and in t i s s u e s  found a t  
autopsy w i t h  deposi t ions estimated before death based upon ur inary and /o r  
fecal  assay and/or  external  measurements of l u n g  or other  organs.  
( 2 )  The determination whether there  i s  any s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f fe rence  i n  the causes of death and i n  years l ived by workers with 
small deposi t ions of transuranium elements and these parameters in 
o thers  who a r e  as s i m i l a r  as poss ib le  in a l l  respects  except t h a t  they 
do not have a deposi t  of transuraniiim elements grea te r  t h a n  t h a t  i n  the 
general population. A t  the  Hanford P ro jec t ,  much environmental a n d  
medical d a t a  i s  ava i l ab le  t o  the Registry from the A E C  Health and Mor- 
t a l i t y  Study. All Hanford employees, minus the transuranium worke:-s, 
wi l l  serve as one control group f o r  comparison of  longevity and causes 
of death w i t h  the Regis t ry ' s  transuranium worker group a t  Hanford.  
Data on longevity of s i b l i n g s  are  a l so  ava i lab le  from the A E C  Health 
and  Mortali ty Study. 

Causes of  death and years l ived  by transuranium workers, who have 
r e l a t i v e l y  high deposi t ions wi 11 be compared with these parameters i n  
workers with low or no measurable depos i t ions ,  who a re  o f  t h e  same age 
a n d  sex and  who l i v e  under the same general economic condi t ions.  Sim- 
i l a r  comparisons wi l l  be made w i t h  the general populations.  Mr. Ray 
Buschbom, a s t a t i s t i c i a n  w i t h  B a t t e l l e  Northwest, i s  p resent ly  working 
to  improve the formal study design. 

( 1 )  A study of 

. 

The Regis t ry ,  i n  addi t ion t o  gathering d a t a ,  i s  providing information 

1 0 0 9 1 2 5  
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t o  the  cooperating agencies who cont r ibu te  t o  i t s  i n p u t  d a t a .  
responsi bi 1 i ty  w i t h  respect  t o  report ing and  pub1 ishing acc idents ,  case 
h i s t o r i e s ,  mthods of t reatment ,  contin!Jed surve i l lance  and co r re l a t ion  
w i t h  autopsy r e s u l t s ,  remains w i t h  the  o r ig ina t ing  pa r t i c ipa t ing  health 
groups. 
and maintaining the r e l i a b i l i t y  o f  a l l  i n p u t  d a t a  and e spec ia l ly  t h a t  
d a t a  r e l a t ed  t o  the health physics aspects  due t o  an t ic ipa ted  va r i a t ions  
among the information sources.  

The primary 

The Registry places considerable importance in e s t ab l i sh ing  

EARLY ACTIVITIES 
During the f i r s t  year  o f  Registry operat ion,  some fo r ty - f ive  con- 

t r a c t o r  and  l i censee  f a c i l i t i e s  were i d e n t i f i e d  and cont,acted because 
they operated f a c i l i t i e s  in which unencapsulated transuranium elements 
were handled. Cooperative working r e l a t ionsh ips  were s o l i c i t e d  with 
medical, heal th  physics and management s t a f f s  of these  f a c i l i t i e s .  
the years  v i s i t s  have been made to  the pr incipal  AEC con t r ac to r s ,  i n  
t h i s  category,  namely f i v e  major  cont rac tors  a t  Hanford, and the  major 
cont rac tor  a t  Rocky F l a t s ,  Los Alamos, Mound, Oak Ridge and Savannah 
Ri ver. 

Over 

Typical forms for co l lec t ion  o f  medical and  health physics d a t a  were 
developed and made ava i lab le  to  cont rac tors .  Other forms were developed 
f o r  re lease  of medical information t o  the Registry when considered neces- 
sa ry .  

munication w i t h  the vari:ous i n s t a l l a t i o n s  was es tab l i shed .  Per t inent  
medical and health physics aspects  of transuranium elements a re  main- 
ta ined i n  the Registry l i b r a r y .  

a c t i v i t i e s  and  asked them to  consider individual cooperation with the 
Regis t ry .  
i d e n t i f i e d .  A t  the  time of per iodic  examination, such workers were asked 
t o  ( 1 )  allow the Registry t o  use medical and  heal th  physics d a t a  concern- 

ing them and ( 2 )  t o  consider allowing an autopsy following death t o  study 
t i s s u e s  for content o f  transuranium elements and  f o r  any evidence o f  

Information regarding the Radium Registry a t  M. I.T. was secured. 
A regular  system of pol icy and  information guides ‘ for  regular  com- 

A t  Hanford, management no t i f i ed  employees concerning the Registry 

Following t h i s ,  transuranium workers a t  this p ro jec t  were 
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in jury  which might be re la ted  t o  such deposi t ion.  
was allowed fo l lowing  r ece ip t  of such autopsy t i s sues .  
l a t e r  reduced t o  $350.00. 
and i s  then subjec t  t o  renewal. 
cont rac ts  i s  t h i s  year  and'renewals a re  now being s o l i c i t e d .  
do n o t  allow autopsy usual ly  authorize the Registry t o  secure medical 
information. I t  i s  hoped t o  secure cause of dea th  on a l l  i d e n t i f i e d  
transuranium workers and  estimated deposit ion of transuranium elements 
before death. 

Five hundred do l l a r s  
This amount was 

The cont rac t  with employees i s  f o r  f i v e  years 
The date for t h e  renewal of  t he  f i r s t  

Those who 

D E G R E E  OF COOPERATION 
Since cooperation with the  Registry i s  voluntary,  e f f o r t s  have been 

made t o  convince management of the various AEC cont rac tors  t h a t  complete 
cooperation with the  Registry i s  t o  t h e i r  advantage and in the bes t  
i n t e r e s  t of employers and empl oyees . 

FULLY COOPERATING COMPANY 
A ful1.y cooperating company i s  asked t o  i den t i fy  the population a t  

r i s k ,  using the de f in i t i on  o f  a transuranium worker which appl ies  t o  t h e i r  
s i t u a t i o n  and s p e c i f i c a l l y  d i f f e r e n t i a t e s  such workers from non-transuranium 
workers. 
b i r t h ,  date  of employment as a transuranium worker, dates of major  deposi- 
t i o n s ,  i f  any, estimated systemic deposi t ions and organ deposit ion where 

poss ib l e ,  b r ie f  medical h i s tory  and physical examination records or 
summary and major i ndus t r i a l  exposures. Active transuranium workers a re  
to ld  abou t  the Registry and asked ind iv idua l ly  i f  they would l i k e  t o  co- 
opera te  by a l lowing  use o f  medical d a t a  and permitt ing autopsies  t o  
determine organ deposi t ion o f  transuranium elements a n d  any in ju ry  which 
might be r e l a t ed  t o  such depos i t ion ,  
whose d a t a  i s  used in  public heal th  types o f  s tud ie s  and publ icat ions i s  
kept s t r i c t l y  conf ident ia l .  
autopsy cases i s  tabulated in Appendix A.  

deposit ion by a n y  method are  i d e n t i f i e d  and by agreement w i t h  t h e  

They a re  i d e n t i f i e d  by name, soc ia l  s ecu r i ty  number, date  o f  

O f  course the iden t i ty  o f  individuals  

Information fo r  the  f i r s t  twenty- s i x  

Terminated transuranium workers who have an estimate o f  pos i t ive  
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cooperating company the Registry i s  usually asked t o  follow these  people 
and secure as grea t  a degree o f  cooperation as possible from them. 
autopsy permission i s  n o t  secured,  a t  l e a s t  the  cause of death may be 
secured i f  the name and  address a re  avail  able or soc ia l  s ecu r i ty  ,number 
and b i r t h  date  a r e  ava i lab le .  

I f  

Cooperation of the pro jec ts  who have g r e a t e s t  potent ia l  exposure has 
been q u i t e  var iab le .  
exposure a re  completely cooperating. 
F1 a t s  and Los Alamos. 
i n  Miamisburg i s  cooperating in a very l imited manner as follows: 

Three of the four  projects  having g r e a t e s t  po ten t ia l  
These a re  the Hanford P ro jec t ,  Rocky 

The fou r th ,  Mound Laboratory (Monsanto Research Corp. ) 

MO N SANTO -MOU N D LABORATORY 
Names, soc ia l  s ecu r i ty  numbers and estimated systemic deposi t ions and 

Addresses of separated 
lung burdens have been supplied f o r  ac t ive  and separated employees whc have 
evidence of a deposit ion of transuranium elements. 
employees have a l so  been suppl ied when known and such employees have been con- 
tac ted  by the Registry when possible  and asked t o  pa r t i c ipa t e  i n  the Registry 
program by allowing autopsies a n d / o r  medical and health physics information 
t o  be used i n  public heal th  type s tud ie s .  
ac t ive  employees, may be asked by the company t o  allow an autopsy when the 
deposit ion i s  t h o u g h t  t o  be s i g n i f i c a n t .  
through e f f o r t s  of Mound Laboratory. 
tory transuranium worker was secured through e f f o r t s  of  the University of 
Cincinnat i .  This compares with 30 autopsies secured t o  date  by Rocky F l a t s  
and 1 2  by Hanford. Abou t  25% o f  a l l  of the  high deposit ion cases are  a t  
Monsanto. Also t h i s  i s  the only major cont rac tor  where most o f  the deposi- 
t ions  a r e  238Pu, which a t  l e a s t  in dogs has a metabolism qu i t e  d i f f e r e n t  
from t h a t  of 239Pu i n  the p a r t i c l e  s i zes  usual ly  inhaled. 
continued t o  t r y  t o  convince Monsanto t o  cooperate more ac t ive ly .  

Wives of deceased previously 

To date  no autopsy has been secured 
One autopsy of a previous Mound Labora- 

Ef for t s  wi l l  be 

SAVANNAH R I V E R  PARTICIPATION 
Du Pont (Savannah River P ro jec t )  wil l  n o t  a l low request f o r  coopera- 

t ion  w i t h  the Registry o f  e i t h e r  ac t ive  or separated employees during l i f e  
o f  the employee. A t  the time o f  death of an employee the Medical Director 
may request  an autopsy i f  he deems i t  appropriate .  To date no autopsies  
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have been secured.  Social s ecu r i ty  numbers have been supplied on sotiie 
1500 ac t ive  and terminated employees i d e n t i f i e d  by soc ia l  s e c u r i t y  n u m -  
bers  o n l y .  Since e r r o r s  tilay occur i n  t ranscr ib inq  soc ia l  securit ,y 
numbers or fo r  o t h e r  reasons,  we have asked t h a t  the f i r s t  s i x  l e t t e r s  
o f  the  surname be supplied and i f  possible  the  b i r t h  da te .  In t h i s  
g r o u p ,  of those w h o  can be loca ted ,  the  cause of death may be secured 
through the Social  Securi ty  Administration a n d  the s t a t e s  a n d  t h i s  may 
be r e l a t ed  to  the estimated deposi t ion.  

O A K  RIDGE NATIONAL L A B O R A T O R Y  

There has been l i t t l e  exposure t o  plutoniuni a t  O a k  Ridge b u t  much 
exposure t o  various isotopes of uraniuiF. Hence, nianaqernent i s  ver,y loath 
t o  c r e a t e  any anxiety in employees by asking f o r  t h e i r  concurrence in 
p r o v i d i n g  t he  Rcqistry w i t h  medical a n d  deposi t ion d a t a .  Hence they wil l  
provide only soc ia l  s ecu r i ty  numbers a n d  heal th  ph,vsics d a t a  on those 
h!i t h  deposi t ions of t ransuraniun elements exceeding 25% o f  maximum per- 
miss ib le .  The,y a re  supplying data t o  the  AEC Health a n d  Mortal i ty  Study 
and have no object ion t o  the Registry securing any of t h i s  d a t a .  l?ie have 
asked i f  they wil l  i den t i fy  the n o p i r l a t i o n  a t  r i s k  - those considered t o  
be t ransurani  urn workers - b y  soci a1 seciiri t y  numbers. Considerable 
processing o f  aniericiuin a n d  californiuiil i s  being done d t  t h i s  p ro j ec t  
a n d  hopefully those a t  r i sk  niay be reg iy te red  and followed. 
wi l l  p resent ly  aqree t o  supply deposit ion d a b  only on those considered 
t o  have a deposi t ion o f  25% o f  the perti.issible body burden o f  any t r ans -  
uranium element. The Registry may follow employees considered t o  have 
a deposi t ion g r e a t e r  than 252 o f  the  permissible  body burden a f t e r  t e r -  
mination of t h e i r  einployment with Gal: Ridge National Laboratory.  

Oak Ridge 

Managwent of the Oak Ridge Nationdl Laboratory ind ica t e  t h a t  " i f  an 
occasion a r i s e s  f o r  one o f  o u r  Medical Departments t o  obta-in t i s s u e s  from 
one o f  our  employees who h a s  a body burden o f  one o f  the transuranium 
elements,  we may perform ce r t a in  s tud ie s  or submit the niaterial t o  t he  
Regis t ry .  We w i l l  maintain close l i a i son  wi th  the Reqistry in any s tud ie s  
t h a t  we perform. " 
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WILLED B O D I E S  

Because o n l y  sm11 samples o f  b o n e ,  f a t ,  iiiii:;cle a n d  skin a re  o b t a i n -  

ab le  a t  autopsy, e r r o r s  i n  t leternining the  t o t a l  content of such organs 
by assuniinyj uniforni d i s t r i b u t i o n  of t h e  transuraniiiiii element a n d  extrap-  
o l a t i o n ,  mav intraduce a r a the r  la rge  e r r o r .  Since the  concentration i n  

tnuscle, f a t  and s k i t i  i s  usually lob! the iniportance i s  n o t  SI? grea t  as 
t h a t  of bone which i s  considered t o  be one of the c r i t i c a l  organs.  While 
arrangciiients have been made t o  handle such whole bodies ,  t o  da te  no i nd i -  

vidual with a reasonably h i g h  content  of p l u t o n i u m  (25% o f  mpbh o r  more) 
has been obtained.  We a re  trrgina a l l  cooperatinq groups t o  t r y  t o  secure 
consent f o r  wi 1 1  ed bodi es  . 

SEPARATED EMPLOYEES 

Retired or otherwise separated eniplGyees w i t h  a r e l a t i v e l y  la rge  
exposure o r  estiiiiated burden n f  transuranium isotope a r e  of fe red  medical 
eyarninations on a per iodic  bas i s .  heal th  r?h,vsics examinations a r e  offered 
when needed t o  b e t t e r  evaluate  s t a t u s .  

ii t c  L I CCI : I; E E :; 
A t  present  t h p  following P?EC 1 icensees are  cooperating with the  

Registry:  Exxon Niiclecir Coiiipany, Inc. a n d  Donald  W .  Douglas Laborator ies .  
Recent s o l i c i t a t i o n  o f  l i censees  was withheltl or\ request b u t  a more ac t ive  
program h a s  now been s t a r t e d .  

L O C A L I Z A T I O N  OF TRA:dSURRNIUI4 tLEI4E>ITS 1P.I TISSUES 
A s  humat- autopsy m t e r i a l  i s  analyzed i t  becomes increas ingly  evident  

t h a t  the cuiiiulati8vc- dose t o  individual oroans a n d  t issues.  i s  most i m p o r t a n t  
a n d  t o  de te rn ine  t h i s ,  the inicroscopic depo>it ion i s  needed. 111 the p a s t ,  
autoradiographic  techniques a p p l  ied t o  t iunian bone samples have n o t  been 
successfu l .  Recently,  the technique o f  f i s s i o n  fragment t rack  production 
has been used t o  charac te r ize  the d i s t r i b u t i o n  o f  p l u t o n i u r r i  i n  bone in 
1 a bo ra t o  ry ani tila 1 s . 1 7 ’ 7 8 ’ 1 9  The neutron i r r a d i a t i o n  of very small quant i -  
t i e s  o f  p l  u t o n i  uni produc;es f i s s i o n  fragments w h i c h  bombard a po1,ycarbonate 
f i lm .  Usinq t rack  etchinq techniaues,  the fission t racks  hecorne v i s i b l e  
on the  f i lm .  This e l iminates  l o n g  exposure times for hone contaminated 
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With small q u a n t i t i e s  o f  plutoniuni a n d  f a d i n g  o f  the l a t e n t  image. The 
Jee-Mil l e r Z 0  technique produces autoradioqraphs with b o t h  f i s s i o n  f rag-  
ment t r a c t s  a n d  a corresponding bone ii:iaqe, w i t h  no requirement f o r  

sec t ion  repos i t ion  n g .  Speciiriens a re  exposed t o  neutrons i n  the  therriial 
col umn o f  the Aiiies L a b o r a t o r y  ?esearch Reactor TV-1 Faci 1 i t y  ( A L R R )  , or 
the Massachusetts n s t i  t u t e  o f  Technology Research Reactor ( M I T R R ) .  

Neutron f luence i n  the range of 10 l5  t o  10l6 n/cm2 i s  used. During 
i r r a d i a t i o n  the terriperature must be kept below 32" C because higher 
temperatures wil l  anneal the t r acks .  The f in i shed  f i lm  exh ib i t s  b o t h  
t he  f i s s i o n  fraqment t racks  a n d  a bone iniaqe. The present  s t a t e  o f  the 
a r t  i s  such t h a t  3ood autoradiographic r e s u l t s  a re  only obtained when 
the  deposi t ion i s  a b o u t  40 n C i  t o t a l  body. No technique has as y e t  
been worked o u t  t o  secure s o f t  t i s s u e  images, so only bone samples are 
being processed. The Registry i s  supplyinq appropriate  saninles o f  bone, 
lung,  tumor a n d  o ther  t i s s u e  t o  Ba t t e l l e  Northwest and t o  Dr. Jee f o r  
autoradiographic  s tudy.  Ba t t e l l e  s a i i p i e s  a re  i r r ad ia t ed  a t  the Wash- 
invton S t a t e  Universi ty .  

21 

P !<E SE NT AUTO P i; Y P ?O C E DURE S 
Since the  nurnber OF autopsies  are  l in i i ted ,  e f f o r t s  a re  made t o  

secure the bes t  possible  i n f o r m t i o n  froin t hese ,  keepinq in mind t h a t  
determination o f  transuranium content o f  each t i s s u e  or o r g a n  i s  c o s t l y .  
Routinely we advise  zecuring b o t h  l u n u s ,  traclieobronchial a n d  mediastinal 
lyniph nodes, whole 1-ivei-,, sternuii;, r i b s  and  pa r t  o f  vertebrae ( a b o u t  
500 grams),  t i s s u e  surrounding a transtiran-iun! wound depos i t ion ,  regional 
lymph nodes i n t o  which lyniphatics drain from suck a w o u n d ,  some tee th  
i f  a v a i l a b l e ,  kidne,ys, sp leen ,  thyro id ,  t e s t i c l e s  o r  ova r i e s ,  b o t h  
i l i opsoas  iiiuscles, f a t  and  sicin. When i t  i s  Pstimated tha t  the deposi- 
t i o n  i s  r e l a t i v e l y  la rge  (-710% of n l p b b )  addi t ional  t i s sues  a re  advisable  
in  order  t h a t  unexpected h i q k  concentrdtions m y  n o t  be missed i n  organs 
a n d  t i  ssues usual 1 y n o t  sampl eci such as hcar t  , pros t a t e ,  gas t ro in t e s t ina l  
t r a c t ,  ad rena l s ,  e t c .  i f  m a l - i q n a n t  d isease e x i s t s ,  a sample o f  tumor 
should be secured f o r  bioassay. Bioassay o f  t i s s u e s  i s  performed a t  
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Ba t t e l l e  Northwest, ios Alamcs Laboratories a n d  Rocky F l a t s ,  a n d  e f f o r t s  
continue t o  s tandard ize  r e s u l t s  from these l a b o r a t o r i e s .  Ef for t s  a re  
a l s o  made t o  make the autopsy prograni for peoule n o t  working  with t r ans -  
uranium metals comparable enough with t h a t  of the  Regis t r y  program tha t  
t h i s  g r o u p  may be used as one of the cont ro ls  f o r  the Registry mor ta l i ty  
s tudy .  

I N F 0 R MAT I 0 N C0 L L E CT E D 
Attached as Appendix A i s  the inaterial co l l ec t ed  f o r  the f i r s t  

twenty- s i x  transuraniuni workers a t  r i s k ,  upon whom autopsies  have been 
obtained and information supplied t o  the Reqis t ry .  Some of t h i s  material  
has been key punched f o r  d a t a  processinq b u t  a g rea t ly  exDanded program 
o f  data  processing i s  needed a n d  wil l  be s t a r t e d  t h i s  f i s c a l  .year. An 
expanded e f f o r t  i s  being made t o  convince cont rac tors  t h a t  iinproved 
evaluat ion of accidents  involving inhalat ion of transurmiuni elements 
should be made a t  the t ime, so t h a t  such information as p a r t i c l e  s i z e ,  
shape, chemical composition, e t c .  may be ava i l ab le  f o r  a s s i s t ance  in 
working o u t  models represent ing metabolism i n  h u m a n s .  Since such occa- 
s ions a re  n o t  f requent ,  every e f f o r t  stiould be made t o  secure maximum 
information even t h o u g h  the expenses IXiy be l a r g e r  than t h a t  f o r  o ther  
types of acc ident  i nves t iga t ions .  O n l y  in t h i s  way wil l  the autopsy 
f indings be most useful a n d  iiiost helpful in determining the  cuniulative 
doses t o  the c r i t i c a l  oraans.  As irnprovetiient in  d a t a  becomes a v a i l -  
a b l e  f o r  es t i inat ina o rgan  doses t!iis v!i11 r e s u l t  i n  chanpes in the data  
which i s  co l l ec t ed .  

R E L A T I V E  CONCEi\iTRATION OF P u  IN T I S S U E S  
INFREQUENTLY SAMPLED 

As indicated above, there  has been an increase i n  t he  number o f  

orqans rout ine ly  sampled f o r  bioassay. 
bronchial  lymph n o d e s ,  l i v e r  and  bone. I n  order  t o  avoid missing a 
depos i t ion ,  which i r i i g h t  be s i g n i f i c a n t ,  th ree  dutopsies  have  included 
t i s s u e s  of ten n o t  sainpl ed,  such as p r o s t a t e ,  b l  adder,  t rachea and 1 arynx, 
adrena l ,  a o r t a ,  q a s t r o i n t e s t i n a l  t r a c t ,  b r a i n  stem, e t c .  These a re  shown 
in Table 11.  I n  these ,  concentrat ions were s u f f i c i e n t  i n  t i s s u e s  of l o w  
concentrat ion so  t h a t  r e s u l t s  were reasonably accura te .  

The basic  g r o u p  i s  lunqs?  tracheo- 
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**C. I .  2 3 9 P u  mixed 
Metal , Oxide, o r  

23gPu 23ePu Regis t r y  Cases **c. I .  
Metal and Oxide 

***A. I .  2 3 9 P u  mi xed 
Metal , Oxide, o r  

I 

TracheoBron.Lym,Nodes 
Abdominal Lymph Nodes 

L u n q s  Bones Liver 

Thyroid 
Kidneys 
Sp l  een 
Testes 
Muscle 
Fat 
Pancreas 

I 

4 5 . 3  x 10- 

05T14 Case $0005 I OlTM Case #0004 OlTM Case $0006 

Ni t r a t e  N i t r a t e  
B . B .  0 . 2 7  n C i  I B . B .  4 2 . 2 4  nCi 
16  y r .  o f  deposi- r 7  y r .  o f  deposi- 
t ion in  body t ion i n  body 

1 . 2  x 10-1 

2 .2  x 10-1 

B.B. 4 2 . 8  n C i  

15 y r .  o f  deposi- 
t i o n  i n  bod 

1 (34.2~10-~nCi/ym*) 1 . 8  x 10-1 
3.6 x 

(Autopsy) 

3.6 x l o -*  6 . 4  x lo- '  7 . 9  

9 . 6  

2 . 1  I 2.5 x 

1 . 2  
8 .5  
2.0 

5 . 0  x lo- '  

I 1 - (1 .71~lO-~nCi/prn*)  1-(6.3~10-~nCi/c]rn*) 

1 x 2.5 x lo-' 

8 x 1 3 . 8  x lo- '  

2 . 1  1 . 1  x -7 --- 

6 . 3  x 

7 . 1  
I 

I I 

! F a t  
~ Liver I 

Skin I 

P ros t a t e  1 . 5  
B1 adder 6 . 8  x 
Trachea & Larynx 1 . 0  x 
Adrenal 2 . 9  

Aorta 1 . 2  
Stomach 3 . 4  

Small I n t e s t i n e  5.7 
Heart 2 . 0  

Large I n t e s t i n e  7 . 4  x 

I 7 . 1  

I 

I 

I 

6.6 x 

I 

I 2 . 1  x ' 1 .6  x 1 0 - 1  

I 

I 

I 

I 

I 1 . 3  x 1 . 5  x 

* = Actual concentration i n  n C i / g m  *** = A . I .  = Acute Inhalat ion 
** = C.1, = Chronic Inhalat ion 

Brain 
Brain Stem 

I 1 5.1 
1 1 . 8  i 

Lowest Concentration 1 Brain 
I 

Small I n t e s t i n e  
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MORE S P E C I F I C  DATA O N  P u  L O C A T I O N  

As ind ica ted  in  the  d a t a  co l lec ted  i n  the f i r s t  31 au tops i e s ,  the 
concentration in uCi per gram i s  obtdined by dividing the sample content 
of Pu  by the  weight o f  the  o r g a n  or sample i n  grams, assuming t h a t  the 
d i s t r i b u t i o n  i s  utliform. Various methods are  used t o  b e t t e r  determine 
ac tua l  organ d i s t r i b u t i o n  in order  t h a t  cumulative dose may be more 
accura te ly  est imated.  

PLEURA AND LUNG 

I n  one autopsy (OlAT 0100) the concentration o f  P u  in  a l a rge  speci-  
men o f  l u n g ,  including pleura and subpleural  parenchyma was 58 tinies t h a t  
of another l a rge  s i n g l e  sec t ion  of parenchyma alone (without p leura)  of 
the same l u n g .  To determine whether t h i s  might be due t o  a r e l a t i v e l y  
h i g h  concentrat ion in  p leura ,  separa te  samples o f  l u n g  and of pleura from 
another case were analyzed. In t h i s  case the concentration in pleura was 
l i t t l e  d i f f e r e n t  froni t h a t  of t he  l u n g  parenctiynia being 1 . 7  x 
gram of pleura a n d  2 . 2 2  x dpm per qrani i n  l u n g  parenchyma. This 
suggests t h a t  the d i f fe rence  i n  concentrat ions in various areas  of the 
l u n g  was a real  one and  n o t  biased by r e l a t i v e l v  h i g h  concentrat ion in 
the  p leura .  However, such sampling i s  needed i n  several  cases t o  va l ida t e  
t h i s  assumption. 

dpni per 

CONCENTRATION O F  P u  114 MUSCLE 

In four  cases in which niuscle idas assayed fo r  Pu  the ex t rapola ted  
muscle content  in  percent o f  t o t a l  body burden was as fol lows:  4 . 5 ,  2 .8 ,  
2 . 6  and 0 . 5 % .  The t o t a l  body burden i n  the  four cases varied from 2 . 9  t o  
40 n C i .  The depos i t s  in  muscle had no cons i s t en t  r e l a t ionsh ip  t o  whether 
the  depos i t  was predominantly systeniic or l u n o  a n d  lymph nodes o r  t o  the 
t o t a l  deposi t ion in  the ranges ind ica ted .  Cxposures occurred a t  tianford, 
Rocky Fla t s  and Mound, t o  h i g h  f i r e d  a n d  regular  oxides of P u  a n d  t o  riiixed 
metal ,  oxides and n i t r a t e s  o f  P u ,  with no apparent d i f fe rence  occurring in 
the amount of deposi t ion i n  muscle. More samples of muscle a r e  needed 
t o  determine i f  t h i s  t rend wil l  cont inue.  
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P u  DEPOSITION IN FAT 

I n  two au tops ies ,  the ex t rapola ted  content of body f a t  was 0 .6% and 

0 .1% o f  the  t o t a l  body content  of P u .  More samples a re  needed. A l a rge  
s ing le  specimen of omentum composed mostly of f a t  contained 7 .5% of the 
t o t a l  body content  of P u ,  ind ica t ing  a need f o r  fu r the r  t e s t i n n  of  omentum 
t o  determine which of i t s  cotuponents h a s  the higher concent ra t ion .  

S KI N D E  POS IT I 0 N 

I t  i s  n o t  easy t o  secure a representa t ive  skin sample without marring 
the body. The a x i l l a  appears t o  be the  best  place t o  secure a sample. I n  
one case ex t r apo la t ing  from a small a x i l l a r y  sample, the est imated skin 
deposi t ion was 0.2% o f  the  t o t a l  body burden o f  P u .  

SOFT TISSUE5 
Muscle, skin a n d  f a t  represent  a b o u t  two-thirds o f  the  t o t a l  weight 

o f  the  body; and i n  the few cases checked they contr ibuted an  average o f  

only about 3% of t h e  t o t a l  P u  depos i t ion .  i4ore samples o f  these  t i s s u e s  
a re  needed in  autopsies  iii which the t o t a l  deposi t  i s  r e l a t i v e l y  g r e a t ,  s o  
t h a t  the accurac.)’ of bioassay i s  good .  

BLOOD 

Since b l o o d  samples a r e  r e l o t i v e l y  easy to  secure d u r i n g  l i f e ,  i t  
seems more p rac t i ca l  t o  follow t h i s  p r a c t . i c e ,  r a the r  than secure blood 
a t  autopsy, as co l l ec t ion  t h e n  rimy n o t  always be simple.  A t  Hanford 
twenty-three ind iv idua ls  with the nighest  estimated deposi t ions of P u  
were recent ly  sampled f o r  P u  content i n  b l o o d  a n d  ur ine and no co r re l a -  
t i o n  was fourid between the two. These employees were sampled a t  times 
following deposi t ion ranging frorn nine t o  twenty-two yea r s .  Systemic 
deposit ion e s t i m t e s  ranged froni 6 t o  400 nCi. Blood concentrat ions 
o f  ~u ranged froni 9 . 5  x t o  1 . 5  x IO-’ ciprii per gram. 

BONE 

Accurate es t imat ion o f  the P u  coritent of the skeleton presents  the 
most d i f f i c u l t  autopsy problem because the deDosition i s  n o t  uniform, i s  
r e l a t i v e l y  la rge  a n d  the  specimens obtdinable  a re  r e l a t i v e l y  small .  



Fortunatel ,y,  i n  the case o f  o%her  possibly c r i t i c a l  organs - l u n g  and  

l i v e r  - whole orqans are  usually obtained. The i m p o r t a n t  tracheo- 
bronchial a n d  iriediastinal lyniph nodes a re  a l s o  usual ly  obta inable .  An 
e f f o r t  i s  made t o  Secure th ree  or four  r i b s ,  the whole sternuiii and the 
a n t e r i o r  portion (about h a l f )  of th ree  ver tebrae.  The weight of these  
samples i s  a b o u t  500 grams. Since the weight of the skeleton i s  10,000 

grams in a s tandard seventy kilogratr man ,  the P u  content  of a 500 k i lo-  
gram sample would be mul-tiplied by twenty t o  o b t a i n  the P u  content  f o r  
an average man's ske le ton .  Table I 1  shows concentrat ion in  sternum, 
r i b s ,  ver tebrae a n d  two femurs obtained from th i r ty-one  autopsies  from 
foilr d i f f e r e n t  p r o j e c t s .  I n  Case 05TM 0005, there  i s  some var ia t ion  in  
concentrat ion froiri one r i b  t o  another - the range being from 0.56 t o  
1 .20.  Ratio of concentration in r i b  t o  t h a t  i n  sternum was from 0 .64  t o  
4 .6  except f o r  one exceptional case which h a d  a value o 30. The r a t i o  
of concentrat ion in ver tebrae t o  t h a t  of sternuiii ranged froni 0 .94  t o  3 
i n  s i x  cases while the seventh was 17. These autopsy f ndings ind ica t e  
a considerable  e r r o r  i n  ex t rapola t ing  from such samples t o  the t o t a l  
ske le ton .  Since the concentration o f  P u  in s k i n ,  f a t  and muscle i s  s o  
much lower than t h a t  i n  bone, the e r r o r s  due t o  ex t rapola t ion  a r e  n o t  
as important.  Willed bodies ,  with s u f f i c i e n t  bone content of  P u  t o  
be accura te ly  measured are badly needed so  t h a t  P u  content  of major 
bones may be assayed separa te ly  a n d  concentrat ions compared with t h a t  of 
the t o t a l  skele-ton. The content  of e a s i l y  a t t a i n a b l e  bones, such as 
r i b s ,  sternurn and ver tebrae ,  could then be r e l a t ed  t o  the average 
ske le t a l  content  of  P u  t o  obtain a correct ion f a c t o r  fo r  use in  a l l  
cases .  This w o u l  d g rea t ly  iiiiprove the re1 i abi 1 i ty o f  ext rapola t ing .  

a l s o  e s sen t i a l  t o  deteririine microscopic loca t ion  of Pu i n  areas  o f  high 
concentrat ion.  

While there  i s  a need t o  k n o w  totci l  ske l e t a l  depos i t ion ,  i t  i s  

P u  CONCENTRATION I N  ORGANS 

Concentrations of Pu i n  p r inc ipa l  t i s s u e s ,  commonly sampled, t o -  
ge ther  with averaq? a n d  standard deviat ions fo r  seven autopsies  from 
Hanford a n d  one froni Mound Laboratory,  a r e  l i s t e d  i n  Table 111. I t  was 
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A V E R A G E  CONCENTRNTION O F  P u  IN ORGANS 
IN DPM PER GRAM PER MPSB** OF Pu 

T . B . L . N .  Lungs  Liver Bone Spleen Ki _ _  dney --Re;ai ni ng* Case _- 
O l A T  0100 g82 5.48  1 .52  0.078 0.091 0.062 7 . 8  

0.735 0 . 0 2 9  OlTM 0004 0.44 65.9 2 . 1  4 .56 
__I __ 

I_ __- ___ 
I_ ________________________________________- -__- - - -_ - - - - - - - - - - - -  

2 
I__ ___ OlJA 0023 4 . 5  13 .5  9 .0  5 0 

.022 0.028 OlAT 0227 6 __- 

OlTM 0002 4.34 1.41 11.25 2.51 0.56 0.39 0.28 

__ 0 -- 

0.034 0.035 0.0038 0.0038 
I! 

___ ___ ____ 0.0096 0.33 _____ __ OlTM 0009 0.176 

-I_ I_- ___ 

_I -__ __- 

OlTM 0006 1 .58  __ 0.48 13.3 
I_ 

2.72 -- 0.40  0.23 0.0074 

05TM 0005 1460 931 2 2 . 5  __ ___- 0.133 0.033 

Ave. 258.9 119 14.6 4.4 1.77  2.1 0 .3  

* Concentration in  the  remaining t i s s u e s  i s  'aken 3s i:ein9 t h a t  o f  t he  lowest 
p o s i t i v e  concentration in organs sampled. 

** Maxiniurii perrni s s i  b l  e systerni c burden. 
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f e l  t clesi rabl e t o  make coriipari sons of  ;Iverage concentrat ions of t h i s  group 
with those from Rocky F l a t s . l G  
such comparisons of average concentrat ions are  n o t  meaningful. 

However, the  deviat ions a re  s o  g rea t  t h a t  

M E T A B O L I C  PARAMETERS 

Based upon a n i m a l  s t u d i e s ,  i t  appedrs t h a t  route  of e n t r y ,  p a r t i c l e  
s i z e ,  physical and chemical composition of p a r t i c l e s  and elapsed time 
following deposi t ion are important pararieters in determining residence 
time of P u  in  various organs. The deposit ion p a r t i c l e s  inhaled i n  AEC 

i n d u s t r i a l  and laboratory p rac t i ce  may be assumed t o  behave as polymeric 
( 7 0 . 0 1  uM in diameter) unless proven otherwise.  I n  i ndus t r i a l  p rac t i ce  
these  f ac to r s  a re  of ten d i f f i c u l t  t o  determine, b u t  t h e i r  s ign i f icance  
i s  such as t o  warrant a considerable  investment o f  funds and t a l e n t  t o  
obtain the bes t  possible  es t imates  a t  the  time of occurrence o f  accidents  
i n v o l v i n g  h u m a n  in te rna l  deposi t ion o f  t he  transuranium elements.  

PLUTONIUEI IN TUMORS 

Physicians,  seeking t o  determine i f  rad ioac t ive  deposi t ions i n  the  
body caused a primary riialignant d i sease ,  sometimes ask i f  the  radio-  
i so tope  t h a t  the  deceased was p o t e n t i a l l y  exposed t o ,  was found in h i g h  

concentrat ion in  the prin1ar.y tumor. Most s c i e n t i s t s  feel  t h a t  the l i k e l i -  
hood of such a f inding i s  siriall. 
i so tope  was present  in the  o r ig ina l  one or small  number of c e l l s ,  t h a t  
became malignant,  suct-i c e l l s  a f t e r  iiiillions o f  d iv i s ions  t o  form a 
tumor,  would have the  concentrat ion g r e d t 1 . y  reduced, unless inalignant 
c e l l s  p r e f e r e n t i a l l y  concentrate  the isotope l a t e r  acquired b v  more 
exposure from outs ide  the b o d y  or t r a n s f e r  froin o ther  body orqans.  
has n o t  been found t o  occur in animal s t u d i e s .  

The reasoninq i s  t h a t  i f  the  radio-  

This 

In  a terminal cancer case ,  i n j ec t ed  w i t h  radioact ive Sulfur-35,  
highest  concentrat ion a t  autopsy t h i r t e e n  days l a t e r  was found i n  

cancer of the  breas t  and  in the  bone marrow. *’ Gottschalk e t  a l .  22 

a l s o  found a r e l a t i v e l y  h i g h  concentrat ion o f  ”S i n  tumor t i s s u e  
(chondrosarcoma) and in bone marrow a n d  a r a p i d  turnover in most 
t i s s u e s .  In such cases ,  apparent ly  t h r  Sulfur-35 d i d  n o t  cause the 
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maliqnancy, b u t  the rnaiignant c e l l s  were a favored s i t e  of denosi t ion - 
a t  l e a s t  f o r  a r e l a t i v e l y  sho r t  tiiiie. I t  i s  n o t  expected t h a t  P u  wou ld  

behave in t h i s  manner- s ince  there  i s  no reason t o  expect i t  t o  e n t e r  
i n t o  the metabolic processes of the c e l l .  

I n  one Registry case (05TM 0005), the  concentrat ion of P u  in  one 
o f  the  undi f fe ren t ia ted  tumors it1 the l u n g  was about the same as t h a t  
i n  the  l u n g  t i s s u e .  There Lvere generalized metastases of c e l l s  which 
were of e p i t h e l i a l  a n d  spindle  type.  The primary s i t e  of  the malignancy 
was n o t  ev ident  a t  the  autopsy. Ef for t s  are  being made t o  secure t i s sue  
f o r  neutron ac t iva t ion  autoradiographic s tud ie s  t o  tr,y t o  determine i f  
the P u  i s  a c t u a l l y  i n  the  tunior c e l l s  or i s  in  o ther  compressed t i s sue  
surroundinq the tunior as had been the case in aninial s tud ie s  a t  the 
Hanford P ro jec t .  

SYSTEMIC P u  BURDENS 
AUTOPSY FINDINGS v s .  ESTIMATES FROM U R I N E  

In Table I V  systeniic P u  burdens determined froni autopsy f indings 
a re  compared with systeinic burdens estiiiiated front the o u t p u t  of Pu  i n  
ur ine in  t h i r t y  c a s e s .  P l u t o n i u r t i  in I u t i q ,  t racheobronchial  lymph nodes 
a n d  womds i s  r io t  included iii the  syst imic burden s ince  these may n o t  
be est imated by ur ine sampl.iny w i t h  iriucti confidence.  
measured sepa ra t e ly  wi th  a l u n g  counter a n d  a wound counter under usual 
condi t ions with a higher degree o f  accidracy. 

These rimy be 

Pro jec ts  d i f f e r  scine i n  the l eve l s  of P u  which tilay be detected in 
the  u r ine ,  depending upon the level  o f  background measurements in  the  
bioassay l a b o r a t o r i e s .  From Table IV i t  inay be seen t h a t  in a l l  autopsies  
i n  which a deteriiiin.t.ion o- f  a systeiriic burden o f  P u  g r e a t e r  than 1 .6 n C i  

(4% of  maximurn per in iss ib ie ) ,  the  estiiiiates before death froni u r ina lys i s  
were higher by f ac to r s  r a n g i n g  u p  t o  6 . 7 .  I n  t h i r t y  cases ,  highest  
o r g a n  concentrat ion occurred the followinq number o f  t imes: TBLN - 1 2 ,  
lungs - 6 ,  l i v e r  - 6 ,  d x i l l a r y  lyniph nodes - 1 (wound deposi t ion c a s e ) ,  
abdominal lyinph nodes - 7 ,  rnuscle - 1 ,  pancreas - 1 ,  spleen - 1 and  

thyroid - 1 .  I n  cases  where muscle, thyroid and  pancreas were the 
organs having highest  concentration t h c i  svsteniic deposi t ion was so 
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T A B L E  IV 

Pro- 
j e c t  Cause o f  Death 

Coronary I nf a r c  t i  on I 

COMPARISON O F  SYSTEMIC B U R D E N  ESTIMATES - 
URINALYSIS vs. AUTOPSY 

Autopsy 
%MPSB 
(40 nCi) 

6 .4  
- - _ _  

01 AT 
01 00 

General Debi l i ty  - 
Coronary Insuf .  

01 TM 
0004 
01 AT 
0391 
01 TM 
0002 
01 TM 
0006 
01 JA 
0023 

01 AT 
0227 
01 TM 
0049 
05TM 
0005 

02 DO 
071 3 

02 DO 
071 2 
02DO 
071 1 
02 DO 
0709 
02D0 
071 0 
02 DO 
0002 
02D0 
0001 

02DO 
0003 

02DO 
0036 

I .68 81 

67 

70 

66 

62 

64 

66 

Carcinoma (Broncho- 
genic)  
Mu1 t i p l e  - Emphysema- ' 

I A therosclerosis  

I Ischemic Heart 
I Disease 

I Bronchogeni L 
Carcinoma 

I Coronary Infarc t ion  

! 

Sui c i  de I 
60 ,Und i f f e ren t i a t ed  CA - 

I Pritnary s i t e  undeter- 
-__ mined 

58  Acute Myocardi a1 ' Infarc t ion  
50 

50 

41 

56 

64 

29  

48 

59 

009 

Acute Myocardi d l  
In farc t ion  
Acute Myocardi a1 
I t i  f a  r c  t i  on 
Methanol Poisoning 

Brain Tumor 
(Astrocytoma 
Carcinoma o f  

Suicide 

131 adder 

Cancer o f  Stomach 

Cornpl i ca t ions  o f  1 
Heart Surgery 

\! 

I 1  

0.55 

.16 

105 

.02 

.15 

.63 

1 1 o* 

~ 

2.3 

0.3 

0.4 

3.8  

0.9 

3 . e  

1 .75  

1 . 2  

156.0 

Urine 
%MPSB 

40 
____ 

3.4 

m i  n 

1 

Ratio 

Es t-Urine 
Es t-Autopsy 

6 . 3  

5 . 0  

nii n 
0.55 
6.3 

Organ \+!i t h  
Maximuni Con- 
cent ra  t i on 

o f  P u  
T .  E. L .I(. 

___ 

Liver 

Muscle 

Liver 

90 I 0.86 1 , Liver 

mi n 

mi n 

mi n 

200* 

13.5 

0 

0 

0 

0 

8.0 

C 3 . 0  

0 

mi n Pancreas 
0.02 

inii n I Liver 
0 . 6 3  

1 .8  1 T.E.L.N. 

5 .9  

0 
0 . 3  

0 
0.4 
0 

3 .2  

0 
0.9 
2 . 1  

L 3 . 0  

_. - 

_- 

_- 

__ 
1.75 
0 - 

I 1 3  
i 541.0 1 3 . 5  

T . 1 5 .  L .N . 

Lungs  

T . B . L . N .  

Spleen 
( L u n g  l o s t )  
Lunqs 

L u n g s  

T.G.L.N. 

T. B . I- . N . 

Liver 
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__ . Est-Autopsy 

Case 
Desig- 
nation 
02DO 
02 35 
02D0 
0040 
02DO 
0355 
02DO 
0444 
02TM 
0002 
02A E 
0006 

0200 
04 49 
0200 
062 7 
02D0 
0629 

02D0 
0622 
02TM 
0009 

0200 
0237 

o f  P u  ____ 

Age 
a t  
Death 
63 

49 

50 

65 

63 

55 

60 

49 

46 

51 

53 

60 

C a u s e  o f  Death 
Chronic Lyrnnhati c 
Leukemia 

Sui c ide  I 
I 

Cardiac Embol ism 
Pu  1 nion a ry 
Acute Lyniphobl as t i c  
Leukemia 
R u p  t u red A n  e u ry sni 

Adenocarcinoma - 
Bronchus & L u n g  
My o c a r d i a 1 I n f a  r c t i o n 

Melanoma - Primary 
S i t e  Undetermined 
Adenocarcinoma o f  Kid- 
ney wi t h  Metastases 
Auto Acci dent 

Ci r rhos i  s of Liver 
Liver 
Myocardi a1 In fa rc t ion  
with Ventr icular  Wall 
R u p tu re 

- 

Autopsy 
,%M P S B 
140 nCi) 

0 . 3  

1 . 5  

2 . 0  

0 . 5  

1 . 3  

0 . 6  

0 . 3  

0 

0.6 

0 

8.7 

0.23 

Urine 
34PSE ____ 

0 

5 . 4  

6 . 4  

0 

~ 3 . 0  
I 

0 

0 

1 9  

0 

Ratio Organ with j ljlaxiiiiuni Con- 

0 
0 . 3  

3 . 6  

3 .2  

0 
0 .5  

4 3.0 
1.3 
0 
Ti37 

0 
0 .3  

-- 

__ 

_-- 

__ 

Bkci. 
Rkg . 
0 
0.6 
0 
0 

__. 

2.2** 

0 
0 . 2 3  
__. 

Lung 

Axil lary L.N. 

L u n g  

T . B . L . N. 

Li ver 

T .  B .  L . r4. 

T .  B . L . N . 

T . B . L . N .  

T.B.L.N. 

1 L u n g  

' Abdonii nal 1 Lymph Nodes , Thyroid 

I 
** Pre-autopsy e s t ima te  o f  l u n g  and T.B.L.N. deposi t  was zero while a t  autopsy 

9 . 2  nCi were found 
* Total body deposi t ion.  L u n g  deposit ion a t  autopsy - 27.08 nCi, T.B.L.N. - 1.33 n C i  

min = minimum systemic deposit ion - (0.2 dpm i n  dai1.y ur ine  s a m p l e .  
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minute a5  t o  tiiake the probable e r r o r  o f  individual sample deteriilination 

very g r e a t  

CAUSES OF DEATI-1 

Fro111 Table I V  i t  niay be seen t h d t  the usual causes of death were 

encountered. 
were two cases  o f  lymphatic leukemia, 02D0 0235 and  02DO 0444.  
02D0 0235 was one o f  chronic lymphatic leukeniia which has n o t  been assoc- 
i a t ed  with rad ia t ion  exposure in animals t o  date  or in the  Nagasaki, 
Hiroshima cases .  The deposit ion o f  P u  found a t  autopsy i n  b o t h  of these 
cases was extreiiiely low, being l e s s  t h a n  one percent o f  the perrriissible 
(40  uCi).  Case 05TM 0005 was discussed under "Plutonium i n  Tumors" a n d  
wil l  rece ive  f u r t h e r  s tudy.  Table V i nd ica t e s  progress made t o  da te  
in securin9 au thor iza t ions  a n d  coinpl e t ing  au tops ies .  

Soiiie o f  these were discussed i n  a previous pape r . l 3  There 
Case 

C U M U L A T I V E  ORGAN DOSE D U E  TO D E P O S I T E D  PU 
I n  the  development of models t o  represent  metabolism of P u  in 

humans, i t  i s  important t o  r e l a t e  the  content  o f  organs a t  givzn times 
following i t s  introduct ion i n t o  the body t o  the i n i t i a l  depos i t .  Such 
determinations a re  made i n  laboratory a n i n a l s ,  following s a c r i f i c e  a t  
varying times following introduct ion o f  Pu of measured p a r t i c l e  s i z e  
and chemical coiiiposition. As humans, bearinq P u  come t o  autopsy i t  
i s  important t o  have as  niuch of  t h i s  k i n d  o f  inforiiiation a s  poss ib le .  
For example a t  Rocky F l a t s ,  several  eijiployees received measurable 
deposi t ions of h i g h  f i r e d  p l u t o n i u n i  oxide due t o  a f i r e  involving 
plutonium. S ize  o f  t he  p a r t i c l e s  in the v i c i n i t y  were measured. 
A good place t o  c o l l e c t  representa t ive  p a r t i c l e s  breathed by a person 
i s  on the face of  the person. 
o r g a n  deposi t ions may be r e l a t ed  t o  th,. inhalat ion of Pu p a r t i c l e s  
of t h i s  chemical composition a n d  s i z e .  As  enouqh da ta  a re  co l lec ted  
t o  r e l a t e  organ deposit ion a t  v a r y i n q  times t o  i n i t i a l  depos i t  i t  

s h o u l d  be poss ib le  t o  roughly est imate  o r g a n  dose,  assuming uniform 
di s t r i  b 11 t i  on . 

As such employees coiiie t o  autopsy,  
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A s  de ta i l ed  s tud ie s  ind ica t e  concentration f a c t o r s ,  these  niay be 
applied t o  determine equiva len t  dose in renis. 
of F u  are  avai:;~b!e f o r  human experimentation, such methods of human 
s tudy ,  while very slow and c o s t l y ,  appear t o  be the only way t o  secure 
good human da t a .  

Since no s u i t a b l e  isotopes 

S li t4MA RY 

This repor t  gives some of the  h ighl ights  o f  the U .  S .  Transuranium 
Registr,y s ince  i t s  inception in l a t e  1968 toge ther  \.iith more de t a i l ed  
information concerning the a c t i v i t i e s  f o r  the  year  ending April 30 ,  1974. 
Ar t i c l e s  a re  re fer red  t o  which descr ibe autopsy s tud ie s  t o  determine p l u -  
tonium body content ,  performed s ince  1 9 4 9  fo r  t he  purpose of evaluat ing 
p l an t  heal th  sa fe ty  programs. The purpose of the  Registry i s  described 
and i t s  adminis t ra t ive  d i r ec t ion  i s  discussed.  The Registry i s  a data 
co l l ec t ing  agency whose success depends upon h o w  well the  d a t a  i s  col1ecti.d 
by the  cooperating agencies.  
pa r t i c ipa t ing  companies i s  descr ibed.  This 1arqel.y depends u p o n  the 
philosoohy of t o p  management and i s  verv var jab le .  To d a t e  some 5700 
workers have been i d e n t i f i e d  as transuranium workers a n d  r e g i s t e r e d .  
Estimates of deposi t ion of transuraniuni elements in these workers are  
recorded a n d  when autopsies  a re  obtained,  these est imates  are  compared 
with autopsy measurements o f  organ conten t .  Ef for t s  a re  made t o  d?teriiiine 
a n y  adverse e f f e c t s  of the transuraniuir: elements i n  workers, d u r i n g  l i f e  
a n d  a t  autopsv. Causes of death a n d  years l ived  following deposi t ion of 
transuranium elements a r e  compared with these paraiiieters in control  groups,  
n o t  exposed t o  the transuranium elements.  Any ava i l ab le  information 
needed which has been co l lec ted  by the AEC Health a n d  Mortal i t~y S t u d y  

i s  ava i lab le  without dupl icat ion of e f f o r t s .  

The v a r y i n g  degree o f  cooperat-ion of the 

Information obtained by the  Registry i s  made ava i l ab le  t o  t h e  
pa r t i c ipa t ing  agencies .  Eight hundred twenty-one transuranium workers 
have given permission f o r  autopsy. 
l i censee  agencies are  beiny s o l i c i t e d  ti3 cooperate a n d  as tile t r ans -  

urani urn program expands. 

This number i s  i ) tcreasing as more 

Willed bodies of transuraniuni workers with anpreciable  body deposi- 
t ion  a re  needed t o  determine the  transuranium content  of a l l  bones i n  ortier 
t o  minimize the e r r o r  due t o  ex t rapola t ion  from sinall samples t o  the t o t a l  
skeleton . 
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Separated enipl o)lees a re  usual l y  fol lowed by the  Regis t r y ,  cooperation 
501 i c i t e d  a n d  necessary heal th  physics and  medical examinations done. 

A grea te r  e f f o r t  i s  being made t o  determine the exact h i s to log ic  
loca t ion  of transuranium elements by radioautographic s tud ie s  iln which 
the  t i s sues  are  exposed t o  thermal neutrons t o  produce f i s s i o n  t r a c t s  
and speed u p  the  otherwise very slow ioniza t ion  t r a c t  formation. 

materi a1 co l l ec t ed  includes whole 1 ungs, tracheobroncial  lymph nodes, 
whole l i v e r ,  sternum, r i b  a n d  p a r t  o f  t h ree  ver tebrae ,  kidneys,  sv leen ,  
tumors, th,yroid,  gonads muscle, f a t .  Other organs a re  occas iona l ly  
secured t o  qradual ly  increase  knowledge of a l l  important t i s s u e  depos i t ions .  

Autonsy 

Measurement of organ content o f  transuraniurn elements i s  made a t  
Ba t t e l l e  Northwest Laboratory,  Los A l a n ~ ~ s  i i n d  Rocky F la t s  a n d  e f f o r t s  
cont inue t o  s tandardize r e s u l t s .  

Information co l l ec t ed  by the  Registry on each autopsy case i s  shown 
in Appendix A .  Data i s  ve r i f i ed  a n d  prepared f o r  d a t a  processing.  I n  
time i t  i s  hoped t h a t  cumulative organ doses may be ca lcu la ted  frorri the 
autopsy f ind ings .  Autopsy s,ystemic deposit ion i s  compared w i t h  es t imates  
based upon ur ine eYcret ion,  body counts and  o ther  iiiethods, i n  an e f f o r t  
t o  improve such est imates  d u r i n q  1 i f e .  

To date  organs f o u n d  t o  have highest  concentrations o f  plutonium are  
tracheobronchial  lyinph nodes, 1 ungs a n d  1 i ve r ,  w i t h  h ighest  concentrat ions 
occasional ly  i n  o t h e r  organs.  Registry e f f o r t s  are  c lose ly  coordinated 
w i t h  the  B a t t e l l e  Northwest h i s to logica l  s tud ie s  t o  o r i e n t  the Registry 
operat ions i n  such a way as  t o  secure the most needed inforiliation t o  a i d  

i n  the  determination of the  metabolisn! of the transuranium eleiiients in illan. 
Plutonium concentrat ion in malignant tumors i s  being s tudied .  I n  thc 
f i r s t  th i r ty-one  autopsies  s tudied i t  i s  n o t  f e l t  t h a t  the cause o f  death 
was r e l a t ed  t o  plutoniuni depos i t ion .  I t  i s  planned t h c l t  thousands o f  

transuranium workers w i  1 1  eventual ly  be cacpared w i t h  non-transuranium 
workers, as  t o  causes o f  death and years  l ived following a n  estimated 
deposi t ion o f  transuranium elements.  A r a the r  la rqe  d i f f e rence  would 
have t o  be present  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  
i s  the  most s e n s i t i v e  method k n o w n  o f  answerinq the questior: - i s  t h e  

The Regis t ry  program 
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h e a l t h  of workers w i t h  small d e p o s i t i o n  b e i n q  adve r se ly  a f fec ted?  T h i s  

becomes more i m p o r t a n t  w i t h  t h e  i n c r w I s i n g  use o f  p l u t o n i u m  i n  }power 
production. 
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