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U .  S .  T R A N S U R A N I U M  REGISTRY (USTR) 

INTRODUCTION 
This repor t  covers a c t i v i t i e s  of the  USTR f o r  t he  period Ju ly  1 ,  1974 

t o  October 1 ,  1975. 

PURPOSE A N D  SCOPE OF REGISTRY 
As indica ted  in  the or ig ina l  Schedule 189, Request f o r  Operating Costs,  

the primary purpose of the  Registry i s  t o  p ro tec t  the i n t e r e s t s  of workers, 
employers and the  publ ic  by serving a s  a nat ional  focal point f o r  the acqui- 
s i t i o n  and provision of t he  l a t e s t  and most prec ise  information about the 
e f f e c t s  of the t ransuranic  elements on man. 
l i sh ing  the  population a t  risk. To date  some 9063 transuranium workers have 
been so i d e n t i f i e d .  ( b )  Accumulation a t  t he  'local p r o j e c t s ,  on a continuing 
b a s i s ,  of the best  cur ren t  es t imates  of the  amount and loca t ion  o f  any i n -  
t e rna l  deposi t ion of any of the transuranium elements in  employees and improv- 
ing these  determinations by r econc i l i a t ion  w i t h  ac tua l  burdens found in various 
organs a t  autopsy or by a l t e r n a t e  methods and ( c )  Following such employees 

c l i n i c a l l y  and by epidemiological methods t o  determine whether the re  may be 
any adverse e f f e c t s  o f  such deposi ts  on hea l th  o r  longevity. 

This i s  being done by ( a )  Estab- 

REGIS1 RY MANAGEMENT 
A t  the  Kegistry Di rec to r ' s  reques t ,  e f f o r t s  have been made t o  secure a 

younger physician t o  d i r e c t  t he  Registry a c t i v i t i e s .  Dr. B .  D. Bre i t ens t e in ,  
Occupational Physician f o r  the  Hanford Environmental Health Foundation i s  

working part-t ime w i t h  t h e  U .  S .  Transuranium Registry (USTR) and i s  expected 
t o  take  over the  d i r ec t ion  o f  t he  Registry d u r i n g  the f i r s t  ha l f  of 1976.  

medical and Environmental Research ( D B E R )  t o  subrnii. a plan f o r  the  epidemio- 
log ica l  port ion of the  Registry program and t o  coordinate  th ' s  s tudy under 
the aegis  of t he  Regis t ry .  B a t t e l l e  Northwest (BNW) was asked by the  Registry 
t o  work c lose ly  w i t h  the Regis t ry ,  e spec ia l ly  i n  t he  f i e l d  of biology,  so  t h a t  
animal f indings m i g h t  be rap id ly  co r re l a t ed  w i t h  the human s t u d i e s .  Dr. Roy C .  
Thompson agreed t o  d i r e c t  t h i s  l i a i s o n .  

The Los Alamos S c i e n t i f i c  Laboratory was asked by the Uiv i s ion  of Bio- 



A D V I S O R Y  COMMITTEE MEETING 

The Advisory Committee t o  the  USTR met i n  Richland October 3 and 4 ,  1974 ,  
and the  minutes covering t h i s  meeting are  a t tached as Appendix A .  

EPIDEMIOLOGICAL STUDY DES I GN 

A proposed design f o r  an epidemiological study was made. This suggested 

the method t o  i d e n t i f y  transuranium workers a t  risk and t o  compare hea l th ,  
longevity and cause of death o f  these  w i t h  con t ro l s .  The s tudy design i s  

shown as Appendix B. Copies were sen t  t o  D B E R ,  key Registry pa r t i c ipan t s  
and the  Registry Advisory Committee f o r  comments and discussion.  

EDUCATIONAL ACTIVITIES 

( 1 )  

( 2 )  

Publicat ions by members of the Regis t ry  s t a f f .  These data a re  

Information supplied on request t o  Energy Research and Development 
presented i n  Appendix C.  

Administration o r  t o  news media, rad io ,  t e l ev i s ion  and se rv ice  c lubs .  Requests 
var ied from simple informal telephone queries  about some o f  t h e  Registry a c t i v -  
i t i e s  t o  more complex formal requests  such as one from the Committee o f  the 
Governor of Colorado, appointed t o  i nves t iga t e  the hea l th  and s a f e t y  aspects  
of t he  Rocky F la t s  P lan t .  All were answered w i t h  c a re ,  o f ten  a f t e r  receiving 
appropriate  a s s i s t ance  from E R D A .  The nature  o f  these  inqu i r i e s  and answers 
i s  indicated below. 

( a )  
The Regis t ry  Director answered telephone queries  from Robert E .  

G i l l e t t e ,  who was preparing a r t i c l e s  f o r  Science magazine on the occu- 
pational hea l th  and s a f e t y  aspects  of t he  atomic energy program. He 
asked fo r  d e t a i l e d  information about t he  USTR and f o r  r e p r i n t s  descr ibing 
Registry opera t ions .  
Director  what he wrote before i t  was published so necessary changes 
could be made, b u t  t h i s  was n o t  done. 
September 20 a n d  2 7 ,  1974 .  

D. Gl icks te in ,  Delaware newspaper w r i t e r ,  who was wr i t ing  about t he  
du  P o n t  occupational heal th  program. 

Telephone queries  a n d  interview w i t h  newspaper r epor t e r .  

By reques t ,  he indicated he would read back t o  the 

The a r t i c l e s  appeared in  -~ Science 

USTR a c t i v i t i e s  were discussed i n  response t o  a phone c a l l  from 

A telephone c a l l  was received from Ms. Barbara Newman of  National 
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Public Radio, Washington, D .  C . ,  January 2 4 ,  1975, asking f o r  i n f o r -  
mation about  the Registry.  She was to ld  about the Registry i n  general 
nontechnical terms. 

Telephone quest ions from Mr. Richard Langley, Canadian Broad- 
cas t ing  Company, concerning the USTR Di rec to r ' s  opinion o f  the  adequacy 
of methods t o  p ro tec t  t he  public and plutonium workers from hazards o f  
P u ,  were answered. 

Telephone queries  concerning the  general purpose and operat ion of 
the Registry by Don Wolf of S t r a i g h t  Creek Journa l ,  Denver, were answered. 

A t a l k  was prepared and presented t o  Richland Rotary on Health 
Protect ion o f  Radiation Workers and the  Publ ic .  

An interview by a Tri-City Herald science writer with the Registry 
Director  r e su l t ed  i n  a r t i c l e s  in  t h i s  local  newspaper on A p r i l  5 and 6 ,  
co veri  ng Reg i s t ry ac t i  vi t i  es  . 

( b )  More formal reqicests f o r  technical  information r e  Registry 

A 200-word summary report t o  E R D A  o f  t he  FY 1975 Registry a c t i v i t i e s .  

A l e t t e r  from t h e  committee o f  t he  Governor of Colorado, appointed 

a c t i  v i  t i  es i ncl uded : 

(Appendix D )  . 

t o  i nves t iga t e  the  hea l th  and sa fe ty  aspects  of the Rocky F la t s  p l an t ,  
asked f o r  s p e c i f i c  data on Rocky Fla t s  autopsy cases .  
the  new law covering "freedom o f  information."  Dr. Marks of  D B E R - E R D A  
gave suggest ions f o r  answer which was sen t  ind ica t ing  t h a t  t he  Registry 
would send i t s  l a s t  annual repor t  (June 1974)  and t h a t  Rocky F la t s  had 
been requested t o  supply information in  answer t o  s p e c i f i c  de t a i l ed  i n -  

formation requested and t h a t  Dr. Mancuso had been requested t o  send 
copies of h i s  more recent  repor t s  o f  the  A E C  Health and Mortal i ty  Study. 

Mr. Fred Le i t z ,  Westinghouse Hanford, who was preparing data for 
discussion concerning proposed Washington S t a t e  law requi r ing  a mora- 
torium on atomic power, was g iven  information and was provided w i t h  
copies of the Hempelmann* s tudy a n d  Health Physics a r t i c l e  ( see  
Appendix C )  re  Transuranium Registry.  

The request c i t e d  

-__ 
* L .  H. Hernpelmann, W .  H .  Langharn, C .  R .  Richmond and G .  L .  Voelz. 
Manhattan Pro jec t  Plutoniurn Workers : A Twenty-Seven Year Follow-up 
Study of Se lec ted  Cases. Health Physics 25:461-479, 1973. 
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A c a l l  froin Bruce Hutchins a n d  Michael Kiniball, General E l e c t r i c ,  
Sunnyvale, concerning t h e i r  e f f o r t s  t o  wr i te  a n  a r t i c l e  on Pu t o x i c i t y  
was received. The USTR 1974 Annual  Report was sen t  and  they were l a t e r  
given a copy o f  the  paper e n t i t l e d  "Health of Hanford Pu Workers" 
(Appendix C )  . 

A telephone c a l l  was received from Mr. W .  D .  C ra ig ,  General E lec t r i c  
Company, Fas t  Breeder Reactor Department, Sunnyvale, Ca l i fo rn ia ,  request-  
ing information on Pu t o x i c i t y .  
inves t iga t ion  (McCormack e t  a l . ) .  
1974  Registry A n n u a l  Report. 

Registry could supply information on h o w  many people were a t  r i sk  i n  P u  
work today  among contractors  and l icensees .  
has complete information only on number of cont rac tor  employees w i t h  
pos i t ive  deposi t ion.  This has been supplied t o  ERDA (Dr. Marks). He 
was f u r t h e r  advised t h a t  t he re  were .?/ 4000 with evidence of some P u  deposi- 
t i o n  divided a b o u t  equal ly  among those cu r ren t ly  employed and  those 
separated.  Asked f o r  a n  estimate as t o  number of l i censee  workers a t  
r i sk  t o  Pu exposures, he was t o l d  a few hundred. The question was 
asked a t  a Congressional inves t iga t ion  in progress a t  t h a t  time. 

in answering queries  of t he  U. S .  Environmental Protection Agency re 
Pu e f f e c t s .  

He was t o  t e s t i f y  i n  a Congressional 
He was a l so  supplied a copy of t he  

Mr. Kenneth Baker, E R D A  Operational Safe ty ,  ca l led  asking i f  the  

He was advised the  Registry 

Seven Registry cases were discussed w i t h  Dr. Marks t o  a s s i s t  him 

A ca l l  from R .  Alexander, E R D A  Regulatory Division requested 
confirmation of the Registry findings t h a t  the  ca lcu la ted  systemic 
deposit ion was .8 t o  7 times the autopsy f indings in cases t o  date  
with 5% or more o f  maximum permissible systemic burden. 
the Registry Di rec to r ' s  paper a t  Houston a n d  wished t o  reconfirm 
the  d a t a  before m a k i n g  recommendations regarding Pu standards f o r  
E R D A  programs. 

A t  the  request of Mr. A .  G .  Fremling, Manager, E R D A  Richland 
Operations Off ice ,  he a n d  t h ree  o f  h i s  s t a f f  were given a b r i e f ing  

He heard 
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on USTR a c t i v i t i e s  by Dr. W .  D .  Norwood, Registry Director  and Dr. P .  A. 
Fuqua, Medical Director  of the Hanford Environmental Health Foundation. 

E X C H A N G E  OF INFORMATION WITH BRITISH 
RE THEIR AUTOPSIES AND O U R  REGISTRY PROGRAM 

Following a request for more data on 10 autopsies  on Windscale Plant  
plutonium deposi t ion cases  reported by Dr. G .  B .  Schofield,* the re  has been 
considerable  exchange o f  information. 
Windscale) v i s i t e d  t o  learn  about the Registry program, the  methods of record 
keeping and the Hanford work on the Health and Mortal i ty  Study. Dr. G .  W .  
Dolphin and Dr. Stewart  Rae of the National Radiation Protect ion Board, 
England, have been g i v e n  further information on Regis t ry  autopsy cases d i s -  
cussed i n  Health Physics (Appendix c ) .  
information on 14 au tops ies  on B r i t i s h  plutonium deposi t ion cases .  
plan t o  have a B r i t i s h  r e g i s t r y  of plutonium deposi t ion cases .  Mr. Pe ter  
S m i t h ,  epidemiologist  on Dr. Schof i e ld ' s  s t a f f  wi l l  v i s i t  the Registry i n  
November, 1975.  The B r i t i s h  t r ade  unions a re  p a r t i c u l a r l y  concerned about 
the possible  r e l a t ionsh ip  of Pu  deposi t ion w i t h  leukemia i n  Windscale P u  
workers s ince  there was one case w i t h  leukemia and a n o t h e r  w i t h  myelo- 
pro1 i f e r a t i v e  d isease .  

Dr. Schofield and Mr. Ward ( a l s o  .from 

They have suppl ied the  Regis t ry  w i t h  
They 

U. S .  T R A N S U R A N I U M  REGISTRY STATISTICS 
From Table 1 i t  may be seen t h a t  a t o t a l  of 53 autopsies  have been 

reported a n d  38 of these have had a complete w o r k u p  a s  of  t h i s  date.** 

LOS ALAMOS 
The major- change n o t e d  i s  i n  numbers of transuranium workers ident i -  

f i e d  a t  Los Alamos where there  was an increase  from 259 t o  3024. This was 
due t o  c l a r i f i c a t i o n  of t he  d e f i n i t i o n  of a transuranium worker. The 
number i s  expected t o  be considerably higher ,  when present  s t u d i e s  t o  
ca re fu l ly  s c r u t i n i z e  quest ionable  cases are  completed. 

Los Alamos reported on the present  hea l th  s t a t u s  of some 25 employees 
most heavi ly  exposed t o  Pu d u r i n g  the e a r l y  operat ing days. None have de- 
veloped malignant d i sease .  A f u r t h e r  s tudy o f  present  hea l th ,  mor t a l i t y  

"Schofield,  G .  B .  and Dolphin, G .  W . :  U. K .  Experience on the Medical 
Aspects of Radiological Protect ion of Workers Handling Plutonium, Ann.  
Occup. Hyg. Vol. 1 7 ,  pp .  73 - 83, Pergamon Press ,  1974. 

**The number of completed autopsies  i s  now 4 2 .  
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and cause o f  death o f  some 250 employees a t  Los Alamos w i t h  the  l a r g e s t  
estimated deposi t ions of plutonium i s  in  progress .  

HAN FORD 
A study of present  hea l th ,  mor ta l i ty  and cause o f  death o f  452 plu- 

urn deposi t ion cases was reported and th i s  report i s  at tached as Appen- 
E .  I den t i f i ca t ion  o f  Pu  workers hired before 1957 and n o t  p resent ly  
oyed i s  under way. 
Arrangements were made w i t h  Bat te l  l e  Northwest t o  use frozen autopsy 

Arrangements were made w i t h  B a t t e l l e  Northwest t h a t  on request uranium 
specimens ins tead  of formalin t r e a t e d  ones f o r  Hanford autopsy cases .  

analyses as well as Pu wil l  be done on Hanford autopsy specimens when de- 
ceased had exposure t o  b o t h .  

ployees w h o  have highest  deposi t ions o f  Pu and e f f o r t s  made t o  determine 
t rends .  
s i t i o n ,  and p a r t i c l e  s i z e  and chemical composition o f  t he  plutonium. 

Blood and urine were assayed f o r  Pu content  on 24 o f  the  Hanford em- 

None were f o u n d  due t o  d i f f i c u l t i e s  i n  knowledge r e  time of depo- 

S A V A N N A H  R I V E R  
Messrs. B. Rusche, Manager of Environmental Controls a n d  P .  Walke, 

heal th  phys i c i s t  v i s i t e d  t h e  Registry as pa r t  o f  t h e i r  program t o  reassess  
t h e i r  pos i t ion  r e l a t i v e  t o  more complete pa r t i c ipa t ion  i n  the  Registry pro- 
gram. 

Dr. Poda has indicated on A u g u s t  1 2 ,  1975 t h a t  this  p lan t  would com- 
p l e t e l y  p a r t i c i p a t e  i n  the  Regis t ry  program. 
Dr. Sidney P e l l ,  b i o s t a t i s t i c i a n ,  wi l l  be ava i l ab le  t o  a s s i s t  on the ep i -  
demiological s tudy.  

He indicated a l s o  t h a t  he and 

OAK RIDGE 
Dr. J .  A.  Auxier, Director  o f  t he  hea l th  physics program a t  Oak Ridge 

was a USTR v i s i t o r  t h i s  year  and indicated t h a t  he would see  t h a t  p resent ly  
employed and terminated t ransurani  u m  workers were i d e n t i f i e d  so t h a t  in for -  
mation already g iven  t o  t he  Health and Mortal i ty  Study may be u t i l i z e d  by 
the Registry.  
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ROCKY FLATS 

This p lan t  was v i s i t e d  sho r t ly  before the change of  con t r ac to r s  was 
made and we received assurance from t h e  Deputy Director  of Rockwell In t e r -  
na t iona l ,  the new opera tors ,  t h a t  they wil l  give whole-hearted support  t o  
the Registry program. Before leaving employment a t  Rocky F la t s  Dr. Hylton 
secured agreement for a wi l led  body o f  an employee who has an est imated 
systemic b u r d e n  o f  about 26 nCi  and about 10 nCi  l u n g  burden of plutonium. 
T h i s  w i l l  allow bioassay o f  t he  t o t a l  skeleton a t  time o f  autopsy. 

MOUND LABORATORY 
Mound remains the only major labora tory ,  with deposi t ions o f  plutonium 

comparable w i t h  those a t  Hanford, Rocky F la t s  and Los Alamos, t h a t  i s  not 
completely p a r t i c i p a t i n g  i n  t he  Regis t ry .  
wi l l  continue t o  a s ses s  the s i t u a t i o n  and i t  is hoped t h a t  they wi l l  j o in  
the  o thers  i n  complete p a r t i c i p a t i o n .  

They have ind ica ted  t h a t  they 

ARGONNE NATIONAL LABORATORY 
Argonne i s  working t o  t r y  t o  i d e n t i f y  transuranium workers who have 

worked a t  Argonne and a l s o  those who worked a t  t he  Metallurgical Laboratory 
i n  the  very e a r l y  days. 

estimated t i s s u e  doses i n  a group of humans  who were c r i t i c a l l y  i l l  and 
were in j ec t ed  w i t h  238Pu i n  1945, 1946 and 1947. 
of  one case i s  b e i n g  examined f o r  238Pu depos i t ion .  
vised Dr. Rowland o f  the  bones which a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  the 
Registry.  

Rowland and D u r b i n  reported f indings on su rv iva l ,  cause of death and 

Half of the  bony skeleton 
The Registry has ad- 

LICENSEE PARTICIPATION 
Exxon 

Exxon (Richland) signed a l e t t e r  of agreement ind ica t ing  complete par- 
t i c i p a t i o n  i n  t h e  Registry program a n d  suppl ied a l i s t  of transuranium workers 
whom they have  i d e n t i f i e d .  

Nuclear Fuel Serv ices ,  Inc.  (NFS)  

NFS was v i s i t e d  and gave approval f o r  pa r t i c ipa t ion  of  t he i r  New York 
and Tennessee p l an t s .  However they wish Regis t ry  people t o  interview the i r  
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workers a t  a time when they a r e  not scheduled f o r  work, which wi l l  be very 
d i f f i c u l t  t o  do .  

Nuclear Mater ia ls  and Equipment Corp. ( N U M E C )  
N U M E C  was v i s i t ed  and wi l l  p a r t i c i p a t e  i n  t he  Registry program. They 

a l s o  asked t h a t  workers be interviewed by Registry representa t ives .  

Kerr-McGee 
Telephone conversations request ing an interview have been held b u t  they 

requested f u r t h e r  time t o  s tudy the matter  before grant ing a personal inter-  
view. 

R E G U L A T O R Y  STANDARDS ENDORSEMENT OF USTR 
On a four-day t r i p  t o  t he  East Coast, Dr. Norwood and Carlos Newton 

v i s i t e d  Dr. S .  Marks and Dr. J e r r y  Davis. Dr. Davis w i l l  endeavor t o  secure 
approval f o r  a l e t t e r  from Regulatory Standards t o  l icensees  s o l i c i t i n g  t h e i r  
voluntary cooperation w i t h  the  USTR. 

USTR has sol i ci  ted s i m i l a r  endorsement by Nuclear Energy Liabi 1 i t y  Prop-  
e r t y  Insurance Association o f  the  Registry and encouragement o f  insured 1 i -  
censees t o  cooperate w i t h  the  Registry as an a i d  i n  reducing l i a b i l - i t y  costs  
a r i s i n g  out of claims o f  adverse e f f e c t s  due t o  work exposures t o  transuranium 
e l  ements. 

DATA COLLECTION AT P u  INHALATION INCIDENT 
A meeting was held w i t h  members o f  B N W  Departnients of Occupational a n d  

Environmental Safety and Biology t o  discuss  op t imum procedures t o  follow a t  
time o f  plutonium inha la t ion  acc idents .  

SEPARATION OF BONE MARROW FROM BONE 
The p o s s i b i l i t y  of leukemia or other blood dyscrasias  must be considered 

i n  P u  deposi t ion cases .  Information concerning methodology was secured from 
Dr. A .  H .  Beddoe of England and discussed w i t h  Dr. J .  F. Park of B a t t e l l e  
Northwest Biology Department, Ira1 Nelson and Roy Thompson, a l s o  of R N W ,  
were s e n t  copies o f  an a r t i c l e  from Health Physics ind ica t ing  a simple 
method f o r  separa t ing  bone marrow from bone. 
l ec t ed  a t  Hanford au tops ies .  
bone marrow from bone i n  p igs .  

Appropriate bone w i l l  be co l -  
B N W  i s  t o  t r y  the  proposed methods t o  s epa ra t e  
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REGISTRY INFORMATION C O L L E C T I O N  A N D  TABULATION 
A n  automated system of co l l ec t ion  and tabula t ion  i s  b e i n g  developed 

by Boeing, successors t o  Computer Sciences a t  Hanford, t o  assemble data 
and p r i n t  per iodic  repor t s  as an a id  i n  determining whether work with 
transuranium elements i s  detrimental  t o  the hea l th  of  transuranium workers. 

D E N V E R  WORKSHOP 
A workshop was held i n  Denver on February 27 ,  1975,  mainly t o  discuss  

importance and methodology t o  be used in  executing an epidemiological study 
of  hea l th ,  mor ta l i ty  and cause o f  death of transuranium workers. 
S c i e n t i f i c  Laboratory was asked t o  submit a proposal and t o  coordinate the  
execution of  such a study. 
Dr. George Hutchinson, epidemiologist  a t  Harvard, w i l l  be asked f o r  c r i t i c a l  
comments. T h i s  s tudy wil l  operate  under the  aegis  o f  the  Regis t ry .  

Los Alamos 

After  the d e t a i l s  of the  protocol a re  worked o u t ,  

The need for assess ing ,  def in ing  and where possible  increas ing  the 
degree of uniformity among major E R D A  cont rac tors  i n  the  c o l l e c t i o n ,  pro- 
cessing and analyses of heal th  physics data  was acknowledged. Since sig- 
n i f i c a n t  deviat ions o r  i n t e r p r e t a t i o n s  wi l l  have a se r ious  adverse e f f e c t  
on proposed or  ongoing epidemiological s tud ie s  , Associate Director  C .  E .  
Newton was assigned the r e spons ib i l i t y  of  s e l e c t i n g  a panel of  con t r ac to r  
hea l th  phys ic i s t s  t o  give a t t e n t i o n  t o  t h i s  mat ter .  

i nd ica t e  by Attachment I the es t imate ,  as of  February 1975, of the number 
of cur ren t  and separated employees, by i n s t a l l a t i o n ,  w i t h  pos i t i ve  deposi- 
t i on  of transuranium elements. 

The minutes o f  th is  workshop are  a t tached as Appendix F .  They a l so  

SUN V A L L E Y  WORKSHOP ON H E  BIOLOGICAL EFFECTS 
AND TOXICITY OF 239Pu A N D  226Ra 

Numerous papers were presented and i n - d e p t h  discussions were held 
and t o x i c i t y .  The Registry Director  
o f  Hanford P1 utoni um Workers. I' An 
l e  t he  complete paper i s  at tached 

concerning 239Pu and 226Ra 
presented a paper e n t i t l e d  
a b s t r a c t  o f  t h i s  paper fo l  
as  Appendix E .  

biology 
"Hea 1 t h  
ows, w h  





APPENDICES 

Appendix A - M inu tes  o f  Mee t ing  o f  A d v i s o r y  Committee 

Appendix B - E p i d e m i o l o g i c a l  S tudy  Design 

Appendix C - P u b l i c a t i o n s  by Members o f  t h e  R e g i s t r y  S t a f f  

Appendix D - S h o r t  Summary o f  R e g i s t r y  A c t i v i t i e s  i n  1975 t o  ERDA 

Appendix E - H e a l t h  o f  Hanfo rd  P l u t o n i u m  Workers 

Appendix F - M inu tes  o f  Denver Workshop 

Appendix G - D e t a i l e d  I n f o r m a t i o n  on R e g i s t r y  Autopsy Cases 



The I!. S. Transuranium Reo i s t ry ' s  ndvisory Committee niet on Thursday and Friday, 
October 3 and  4, 1374, i n  the  tlanford Environmental Iiealth Foundation's 
Conference Rooin a t  t he  Kadlec Plledical-Dental D u i l d i n a ,  I'ichland, !&!ashinoton. 

14 EM[! E R S P R C  SENT R. 0. Cvans 
L. t i .  tiempelmann 
C .  C .  Lushbauqh 
t l .  M .  Parker 
E.  A .  Putzier  
J .  ti. Cterner ,  Chairman 

I4EP1BEF.S ABSENT T.  r .  Ilancuso 

OT t 1 E R A TT I N D C E C P .  F .  D u n i q a n  AEC-RL 
P .  A .  Fuqua HCHF 
7. Marks PEC-Hn ( D E B R )  
C .  F .  Newton BNN 
\ I .  D. Norwood IJYTP Rctino Director  

I.1 I I.1 UTES The minutes of t he  Third Advisory Committee Meetitla were 
n o t  read. 

P R O C E  E D I N GS 

PCPULP,TInN AT RISK The revised de f in i t i on  of a TU ( transuranium) worker was 
reviewed. I t  was aqreed ( 1 )  t h a t  a worker meeting o n l y  one 
of c r i t e r i a  included i n  t he  d e f i n i t i o n s  should be c l a s s i f i e d  
as a T U  worker; ( 2 )  t h a t  a worker once c l a s s i f i e d  a TU 
worker should always be c l a s s i f i e d  a TU worker. 
The inclusion o f  nanocurie uni t s  r a the r  than microcurie 
un i t s  i n  the  c r i t e r i a  f o r  TU worker c l a s s i f i c a t i o n  was 
questioned s ince  the exclusive use o f  microcurie uni t s  f o r  
body deposi t ions had been previously advised and accepted 
by the  committee as preferable  t o  help insure  avoiding 
e r r o r .  I l l  t h o u q h  there  was n o t  unanimous agreenien t , the 
consensus was t h a t  un i t s  used, should general ly  be such t h a t  
a hiirle number of zeroes nrecedinq the decimal a r e  n o t  needed 
a n d  t h a t  body burdens present ly  should preferably he s t a t e d  
i n  terms of nanocurics.  
The question was raised a s  t o  whether or n o t  non-AEC contrac- 
tor  o r  l i censee  employees can be included in  the  USTi?.  
Examples of i m p o r t a n t  cases t h a t  should be included such as 
a ndrcel handler who s i i i l l e ?  P u  froin a carboy on his sk in ,  
were c i t e d .  I t  was agreed t h a t  ( 1 )  t he  USTP, should be f r e e  
t o  include j u s t i f i e d  cases ( 2 )  t h a t  t h e  TU worker de f in i t i on  
should allow for  inclusion of such cases in  the USTR ( 3 )  t h a t  
the USTP should qo t o  the employer of TU workers t o  include 
the worker as a r e q i s t r a n t  ( 4 )  t h a t  the USTR should accept 
no s e l f  r e f e r r a l s  ( , , i t h o u t  the consent of the employer i f  s t i l l  

- continued - 
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Population a t  Risk i n  business ( 5 )  t h a t  i n  the  accident  case when there  i s  a 
(cont inued)  question about who the responsible  contact  i s ,  i t  should be 

resolved w i t h  whoever owned the  p l u t o n i u m  ( 6 )  t h a t  the USTP. 
should handle l icensee  cases on an  a d  hoc bas is  and ( 7 )  t h a t  
the  USTR Actinq Director  should develop words t o  cover the 
medical leqal aspects  of cases t h a t  a r e  n o t  covered as 
1 icensees  o r  cont rac tor .  

A E C  CONTRACTOR 
PART1 CI PAT1 ON 

A E C  cont rac tor  pa r t i c ipa t ion  i n  t h e  USTI! was reviewed by 
t he  USTR Actinq Director  as s t a t e d  in  the USTR Summary Report 
t o  \lune 30,  1374 t o  IJSAEC Division o f  Biomedical and Environ- 
mental Research. The fol lowina was noted t h a t  th ree  of the  
four p ro jec t s  havinq the a r e a t e s t  po ten t ia l  exposure a re  
completely cooperatinq. Those are  Hanford, Los Alamos, and 
Rocky Fla t s .  Monsanto-Mound Laboratory i s  coogeratino in  a 
l imi ted  manner. 
HANFORD - A 1  1 cont rac tors  are cotliy,ietely cooperatinq. Be- 
cause o f  t he  automated A E C  I-lealth a n d  Mortal i ty  S t u d y ,  much 
da ta  i s  ava i l ab le  on the  control ponulations (\qorkers n o t  
exnosed t o  transuranium work) which has t o  be co l l ec t ed  a t  
the  o the r  i ns t a l  1 a t i  ons. 
ROCKY FLATS - The a r e a t e s t  number of autopsies  have been 
secured.  Permission f o r  a wi l led  whole body has a l so  been 
ob  t a i  ned. 
L O S  ALAROS - Some confusion in the p a s t ,  reqardina a bas ic  
de f in i t i on  of a transuranium worker, has r e su l t ed  in only 
259 workers beina so i d e n t i f i e d .  < J i m  Lawrence i s  present ly  
workina t o  i d e n t i f y  past  and present  transuranium workers. 
Some est imates  of  systeinic P u  deposi t ion based on ea r ly  
u r i n a l y s i s ,  a r e  beinq revised do\wv!ard as a r e s u l t  of recent 
autopsy f i  ndinqs. Z i  a Corporati on enipl oyees Ldho a re  past  
a n d  present  transuranlum workers, are  beinq so c l a s s i f i e d  
and e f f o r t s  niade t o  secure the tmi t i c ipa t ion  of  Zia iii 
Reqistry a c t i v i t i e s .  
qood control  qroups t o  compare with the transuraniuni worker 
o r o u p  as t o  lonqevity and causes o f  death.  
;ilCINSArlTn (MOUbID)  - No autopsies  have been secured h y  tlound. 
This seems t o  ind ica te  t h a t  securinq autopsies  only a f t e r  
death of employees i s  n o t  very e f f e c t i v e .  Abot!t, 25:; o f  
the  h i  qher deposi t ion cases a re  c i t  Mound. 
a ivinq names, soc ia l  s ecu r i ty  nuwbers, lunq burden a n d  
systenii c burden est imates  have been recent ly  sup?l i ed .  
SAVPUNAH R I V E R  ( d u P o n t )  - Savannah River \ , i l l  n o t  perniit re- 
quest  f o r  autopsy of  e i t h e r  a c t i v e  or separated employees, 
d u r i n q  t he  l i f e t i m e  of the einployees and t o  da te  no  autopsies  
have been secured. The medical superintendent  qe ts  repor t s  
of deaths of transuranium workers a n d  niay request autopsy. 
He has s e n t  us 272  suriiinary niedical h i s t o r i e s  a n d  exariiination 
f indinqs and we have received soc ia l  s e c u r i t y  nunibers only on 
1 , 5 5 9  workers i d e n t i f i e d  by pos i t i ve  ur ine and poten t ia l  
exposure h i s to ry  as transuranium workers. 
OAK R I D G E  - Only t r a n s u r a n i u m  workers es t imated t o  have 
q r e a t e r  t h a n  10 nCi of plutoniunl (or 25% of a perniissible 

Studies  a r e  under way t o  detemiine 

Updated 11  s t s  

- continued - 



- 3 -  

AEC C ~ r i  t r a c t o r  
Pa r t i c ipa t ion  
( c 03 t i n U.? d ) 

LICENSEE PAR- 
TICIPATlON IN 
UST R 

FCILLQ'd-UP OF 
SEPARATED AN3 
RETIRED AEC 
COXTRACTOR A N D  
LICENSEE TU 
2 0 R I< E RS 

1imit  f o r  the deposited tran7surani!rm i sn tone)  \{!ill he i d e n t i -  
f i ed  for the Reqistr,y. !.Jnrkers mav n o t  be ? c , k ~ d  t o  n a r t i c i n a t e  
i n  t h i ?  i ieqistry a c t i v i t i e s ,  thr3urJh  t h e  mi?dical dirr lc tor  ma? re- 
quest an autopsy followinn death.  Finwver, WP may t i re ? n v  nf 
the mater ia l  co l lec ted  b y  t l i p  P.EC Hqal th  and ' , lor ta l i ty  S t u d y .  
O a k  Ridge i4ational Laborator\/ i s  prpsent lv  idcn t i fv inq  trans- 
uranium workers f o r  us. 
I t  was concluded t h a t  ( 1 )  minor inaccuracies  i n  t h e  IJSTR s t a t i s -  
t i c s  t a b l e  should be corrected and ( 2 )  cases n o t  n w  included in  
the  U S T R  case l o q  s h o u l d  bc included. These cases  include 70 
cases a% Los Alamos and o ther  autonsv cases a t  Hanford aerfarmcd 
n r i o r  t o  the  orqanizat ion o f  the IJSTR. 
The question of how t o  secure b e t t e r  cooneratin7 of  P.EC con- 
t r a c t o r s  w i t h  tne  USTR was discussed.  
con t r ac to r  nicdi ca1 d i  rec tors  and heal th  n h v s i  c i  s t s  shoul c! hi.lcome 
more ac t jve l~y  involvcd. 
mwtirq w i t h  med ica l  and/nr heal th  nhvsics rearpsenta t ives  i s  
needed and there  was qmera l  committeo aqremen t .  There 10s not 
aqreement as t o  t he  valuc of  recent  Science . - - . _- .. a r t i c l e s  on " P l u - -  
tonil l in ( I ) :  
tonium ( 1 1 ) :  Watching a n d  Naitinrr f o r  J,dverse Ef fFc t s . "  T$er? 
bias not agreement on t hc  d p s i r a h i l i t v  f o r  AXC-DERP, and mi l i  t a r v  ner- 
sonnel ac t inns  t o  e f f e c t  irnDr0ve.d contractor-IJSTR c o m e r a t i o i .  
How t o  contact  l i censees  regardina IlSTP nart ic inat , ion w a y  d i s -  
cussed. I t  was s t a t e d  t h a t  insurancp c a r r i e r s  !law. h w q  intors-?<terl 
in licensee-USTF? oar t ic i r la t ion  and t h a t  4EC should o a r t i c i q a t e  i o  
informinq 1 icensees about ! E T 9  onerat ions.  Dr. Varks aori'ed t 9 a t  
he would daterniine t h e  r iqh t  person i n  P,EC ?esu la torv  for UST? 
contac t .  I t  war noted t h a t  Kerr-%Gee ma\/ have several  hundrrrc' 
emplnvees, manv of whom a re  a t  r i s k .  Dr. Warks a s k e d  i f  the  
y m u l a t i o n  a t  risk could he b e t t e r  es t imated.  I t  was s t a t e d  
t h a t  t!ic 17,OrlO es t imate  included fu ture  o ro jec t ion .  Dr. !!orimnd 
vdas asked by the Chairman: Dr. S te rne r ,  t o  r i ~ v e l o ~  more accur;l.tc 
p q u i a t i o n  a t  r i sk  f iqures  f o r  b o t $  \ E C  con t rac to r  a n d  l i c w s e e  
emplo,vees 
Or. Marks s t a t e d  t h a t  the USTR should  develon a h p t t n r  f o l l o w - u n  
proqram o f  separated emplo,yees with denos i t iovs .  TClis would j u - ,  
clude medical and heal th  nhvsics da ta .  The need t o  i nd ica t e  
USTR i n t e r e s t  i n  t he  folloiv-up of t he  TI1 worker eniphasi1:ed 
a n d  s t a t e d  t o  he an oh l ina t ion .  Disaoroement of  t h i s  n o l i w  
was voiced on the  bas i s  t h a t  ( 1 )  t h i s  pol icy has nclt heon ca r r i ed  
o u t  by iqdustrv in the  p a s t ,  ( 2 )  heal th  nhvsics ur inc  assav 
follow-up has n o t  been f o u n d  t o  he pra.eticai  
n rcsent  evidence of adverse heal th  e f f e c t s  a t  nerrnissible l eve l s  
and ( 4 )  a l l  types of cagcer cases m i o h t  he encoiiraned t o  i n f e r  
a rad ia t ion  cause effect ,  w i t h o u t  j u s t i f i a b l e  s c i e n t i f i c  supnor t ,  
and  i n i t i a t e  lega l  ac t ion .  
Dr. k!emaelrr;ann was asked t o  d i s c u s s  his  follow-un on a srwD 
o f  ahout 250 10s Alamos deposi t ion cases .  Abou t  90 cases a r e  
s t i l l  i n  Los Alamos. He kncw a l l  o f  26 e a r l v  cases p e r s m a l l v  

I t  !</as anroed t h a t  PEC 

9r. Sterner  suowste? that ,  a follov-un 

Questions o f  Health in a :,Jew Industry"  and P l i i -  

( 7 )  thc.re i s  no 
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Follow u p  of 
Separated a n d  
Reti red AEC 
Con t r a c t o r  and 
Licensee TU Workers 
(con t i  nued) 

USTP, RELATIONSHIPS 

USTR SUMMARY 
REPORT TO JUNE 30 ,  

SION O F  BIOMEDICAL 
A N D  E N V I  ROPJMENTAL 
RESEARCH 

1974 T O  USAEC DIVI -  

FUTURE OBJECTIVES 
OF THE USTR 

a n d  22 out of 26 returned f o r  follow u p  examination. 
tjarks s t a t e d  the re  i s  a need t o  look a t  exaiiiination r e s u l t s  
and t h a t  de t a i l ed  follow up of some 26 s i g n i f i c a n t  deposi t ion 
cases has done the  industry a g rea t  deal of good. 
The p r a c t a b i l i t y  o f  l ini i t inq TU worker follow up t o  death 
c e r t i f i c a t e  da ta  a n d / o r  diagnoses was described by @r.  Nor- 
wood. C .  W .  Kirkl in  ( H E H F )  was ca l l ed  t o  come i n  and f u r t h e r  
explain t o  the committee the  procedure used by the  AEC Health 
a n d  Mortali ty Study and the Reqistry i n  procurinq d e a t h  
c e r t i f i c a t e  information. Dr. Hemnelmann s t a t e d  t h a t  death 
c e r t i f i c a t e  da ta  i s  f i n e ,  i f  one i s  looking f o r  leukemia or 
o the r  diseases  with a r e l a t i v e l y  shor t  l i f e  expectancy, b u t  
they wi l l  not pick u p ,  soon enouqh, thyroid cancer f o r  
example where d e a t h  may be lonq delayed. 
The consensus was t h a t  f o l l o i ~  up o f  separated employees 
should have a t t en t ion  b y  USTR on a l l  cases w i t h  denosi t ions 
above 10 nanocuries and, randorn se l ec t ion  follow u p  f o r  those 
below t h i s  l e v e l .  

Cr. 

Present and an t i c i  apted USTR re la t ionships  with t h e  A E C  Health 
and Mortali ty Study a n d  Battel  l e  Northwest were discussed.  
There was p a r t i c u l a r  emphasis placed on the value o f  the 
complementary nature  of t he  A E C  Health and Mortal i ty  Study 
and the  USTR and on the  increasing broader scope o f  B a t t e l l e  
s c i e n t i f i c  i n t e r e s t  i n  USTR operat ion.  

Comments were requested on t h i s  repor t .  Dr. Marks s t a t e d  
t h a t  the  repor t  was excel l e n t  b u t  t h a t  subsequent repor t s  
should include g rea t e r  use o f  s t a t i s t i c i a n .  Tables a n d  
forms included in  the report  wOre discussed iind modifications 
were recommended fo r  subsequent repor t s .  Cancers found i n  
r e g i s t r a n t s  were discussed. 
more adequate f u l l  cross sec t ion  bone samples vias emphasized, 
a l s o  the need f o r  whole bodies f o r  accurate  determination of 
ske le t a l  d i s t r i b u t i o n .  I t  was suqqested t h a t  more adequate 
skin sainnles are best  procured from the abdomen ra the r  t h a n  
from the a x i l l a .  The family h i s to ry  should include e thn ic  
backqround, country of b i r t h  of f a t h e r ,  mother and  qrand- 
parents  and race.  Pa!/vents made f o r  autopsies  was discussed 
a n d  concern was expressed f o r  no desiqnation o f  escrow funds 
f o r  conimi tments already made. Copies of the  cont rac t  fornis 
f o r  autopsies  a n d  r e q i s t r a n t  wal le t  cards were shown t o  the 
commi t t e e ,  

The iriiportance of obtaininq 

Pnt ic ipa ted  bone marrow and autoradioqraphic s t u d i e s  were 
described and techni cal di f f i  cul t i e s  discussed.  The desi r- 
a b i l i t y  of concurrent USTR bioassay of o the r  isotopes than 
plutonium t o  which TU workers a re  exposed such as uranium and 
polonium was descr ibed.  Dr. Marks indica ted  t h a t  he favors  
t h i s  approach and t h a t  a proposal should be develoned t o  add 
o ther  isotope assays t o  present USTR bioassay procedures. 
The committee advised qo ahead on uranium assay i n  conjunc:ion 
with plutonium assay f o r  worknrS  Inrho h a v p  b ~ n  a t  r i s k  t n  b n t h  
urani u m  and t ransurani  u m  el einpnts. 

I U D 9 b 3  I 



- 5 -  

The question was ra i sed  as t o  whether there  i s  cross  pla-  
cental  t r a n s f e r  of p l u t o n i u m  in humans. I t  was suggested 
t h a t  USTR should ge t  data i f  TU workers g e t  pregnant and 
have abor t ions ,  t h a t  products o f  abort ions should be ob-  
ta ined for measurements. 
ex is tence  o f  federal  l e g i s l a t i o n  t o  prevent research on 
the uterus  and conten ts .  I t  was concluded t h a t  AEC con- 
t r a c t o r  Medical Directors should discuss  t h i s  suggest ion.  
Blood assay r e s u l t s  were discussed and i t  was s t a t e d  t h a t  
there should be cont ro ls  made u p  o f  non-TU ao rke r s .  
B a t t e l l e  s c i e n t i f i c  i n t e r e s t  i n  USTR operat ions was ex- 
panded p a r t i c u l a r l y  r e l a t i n g  t o  the  Biology Operations 
plutonium t o x i c i t y  research.  
Ray Buschbom, B a t t e l l e  Northwest, was ca l l ed  i n  t o  discuss  
USTR study design.  
causes of death of the  g r o u p  a t  r i s k  a re  t o  be compared 
wi tl-1 non-occupational l y  exposed groups t o  determine i f  
t he re  a re  adverse e f f e c t s  due t o  occupational exposure t o  
the transuranium elements.  TU workers wi l l  a l s o  be divided 
i n t o  s u b g r o u p  accord.ing t o  the estimated deposi t ion i f  
autopsy i s  not obtained a n d  according t o  autopsy determined 
deposi t ion i f  autopsy i s  obtained. The experience of  
these subgroups with respec t  t o  hea l th ,  mor t a l i t y  and 
cause o f  death may be coml.er2d w i t h  each o the r .  
ma,y be possible  t o  r e l a t e  the r e s u l t s  quan t i t a t ive ly  t o  
the degree o f  deposi t ion.  The " A "  TU worker autopsy g r o u p ,  
the " B "  i d e n t i f i e d  TU worker ( n o t  autopsied)  group and the  
" C "  control groups were descr ibed.  
Quest ions were ra i sed  regarding ( 1 )  control group se l ec t ion  
and biases  ( 2 )  why the 60 autopsies  which Los Alamos has 
from the  general population might n o t  be a good control 
g r o u p  ( 3 )  use of  autopsy r e s u l t s  ( 4 )  s t a t i s t i c a l  treatment 
of USTR da ta  n o t  epideiniology r e l a t ed  and ( 5 )  l imi t a t ion  
o f  autopsy sample assays t o  two or three l abora to r i e s .  
I t  was s t a t e d  t h a t  due t o  the  present  s t a t u s  of t h e  a r t  
which i s  improving, the present  use of t he  number o f  lab-  
o r a t o r i e s  pa r t i c ipa t ing  i s  a healtiiy condi t ion.  
The importance o f  following separated workers was f u r t h e r  
discussed.  I t  was suygested t h a t  USTR look i n t o  the ex- 
perience o f  s t e e l  worker follow-up which appears t o  have 
been successfu l .  
t ion  var ies  over a period of t ime,  the probletn being t o  
eva lua te  w h a t  the body burden i s  o r  wi l l  be a n d  where the  
deposi t 'ons  a re  located in the body. Discontent was ex- 
pressed w i t h  thc whole problem o f  expressing body burdens 
in  percent  o f  maximurn permissible .  
report body burdens i n  nanocuries in place of percent o f  
body burden was  repeated.  

A questio;]  was ra i sed  as t o  the 

FUTURE USTR 
RELATION St-l I PS 

USTR STUDY DESIGN 
He s t a t e d  t h a t  hea l th ,  mor ta l i ty  and 

Also i t  

Discussion continued on how body deposi- 

The d e s i r a b i l i t y  t o  
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D E S I R A B L E  bATA TO Ken Hcid, BNW, was ca l l ed  in t o  discuss t h o  des i rab le  de- 
B E  OSTAII4ED AT terminations to  be mads a t  t he  t i n s  of accidental  inhala-  
PLUTONIUM INHALA-  t i on  of p l u t o n i u m  or other  transitrani urn elements. 
T I ON I i\l C I D E !4T S provements in the  accurac\/ of  estimated cumulative organ 

dose, were r e l a t ed  t o  p a r t i c l e  c o l l ? c t i o n ,  n a r t i c l e  s i z e ,  
chemical composition, physical corwosition, n a r t i c l e  solu- 
bility, i n  p a r t i c u l a r ,  in a d d i t i u i  t n  the inore common urine 
and fecal assays ,  l u n g  counts ,  Ani/Pu r a t i o s ,  nasal and skin 
smears and b lood  samples. Confidence l eve l s  of determinations 
were discussed.  I t  was s t a t e d  t h a t  n a s a l  smears ma,y he under-. 
rated by many people ,  t h a t  casc  comparisons s h n w d  t h a t  thc  
nasal smears give i n i t i a l  lunq hurdms within a f a c t o r  of 
f i v e .  I t  was f u r t h e r  s t a t e d  t h a t  vmdels a r e  n o t  much b e t t e r  
than  nasa l  smears for est imat inq denosit ions h u t  t h a t  they are 
the  best  guess t h a t  knwledseable  neoole have been able t o  make. 
Mr. Parker suggested a present  rouqh rule o f  t h u m b  f n r  p u l -  
monary lavage in P l u t o n i u m  Indus t r i a l  Vvqiene, Realth Physics 

~ and _-_^_ Re1 ated _+ Asnects,  _-...- quoted exac t lv  as foTloows : " L u n c f ~ a m m  
for a person o v e r  age 50 may ~ , e l l  be a nonr t radeoff  o f  comet- -  
inq r i s k s .  For a person age 70 t o  39 a f t e r  one week f o r  
thorough inves t iga t ion  of the  d e y m i t ?  l u n g  lavaae for  50 
times tne  MPLB w o u l d  appear t o  he a good r i s k .  Others m i q h t  
make t h i s  determination a t  lr! x W 9 . "  The mor ta l i ty  rats 
for t h i s  procedure i s  general ly  t h a t  for general anesthesia .  
The question was r a i sed  as t o  how t o  imnrove b e t t e r  handlinrr 
of l i censee  accident cases .  I t  was the  consensus t h a t  
( 1 )  not much could he done a t  t h i s  time w i t h  l i censees  
s ince  most l icensees  are  not coooerating ! v i t h  t h e  llSTR and 
( 2 )  t h a t  i t  would he des i rab le  t o  carry out the  discussed 
addi t ional  procedures as i n d i  cated i n  F E C  cont rac tor  a c c i  - 
dent cases and t h a t  A E C  Requlatory oersnnnel should be 
contacted a t  the  highest  l eve lc  i n  nrdcr to hcln e f f e c t  
carrying out these determinat ions.  

Im- 

,____- ..--_--- .__ ~ --- . 

USTR DATA PRO- C.  Id. Kirklin ( H E H F )  was ca l l ed  in t o  discuss Dlanninq f o r  
CESS I l G  P R O G R A M  IJSTR da ta  co l l ec t ion  f o r  automatic dat,a nrocessinu svstems 

master f i l e  ( 2 )  death da.ta ( 3 )  TIJ worker work h i s to rv  

design. An exh ib i t  was nresented t o  those present  i l l u s -  
t r a t i n g  the  discussion which included the f o l l o w i n p .  
( 1 )  
form ( 4 )  TU worker medical h i s torv  form ( inc ludes  occuna- 
t iona l  h i s to rv )  ( 5 )  TI) worker vedical  summary forms ( 6 )  depo- 
s i t i o n  data ( 7 )  in te rna l  exnosuro d a t a  (8)  external  nxmsiire 
data  a n d  ( 9 )  autopsy d a t a .  NimSrguS questions from t h e  
committee concerning the co l l ec t ion  and recordinq o f  IJSTR 
d a t a  were answered. 
t o  L .  H. Hempelmann a n d  E .  A. P u t z i c r . )  

(Copies o f  t 5 i s  exh ib i t  a r e  t o  be s p n t  

- continued - 
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The need f o r  planning f o r  the expanded use o f  s t a t i s t i c a l  
personnel was emphasized by Dr. Marks. Procuremznt of a 
replacement USTR Director i s  in process. 
I t  was the consensus t h a t  USTR programs a n d  budget shculd 
be equated a n d  projected with planned advance reac tor  
programs as they r e l a t e  t o  p l u t o n i u n i  containing f u e l s  or  
0th.r transuranium elements. 
Pr ior  t o  adjournment a t  1 2  Noon, October 4 t h ,  appreciat ions 
were expressed t o  Advisory Committee Plembers f o r  t h e i r  t ime, 
d i l i g e n t  he lp ,  support  a n d  most valuable advice r e l a t ed  t o  
USTR Operations.  No d e f i n i t e  time wasi s e t  f o r  t h e  next USTR 
Advisory Committee meeting. 



DRAFT 
8 - 2 0 - i 4  
WDIJ : dO 

!j. S .  T R A N C I I R A N I U M  REGISTRY 
STUDY DESIGN 

The clrr,iip t o  be s tudied are transuranium workers i n  A E C  cont rac tor  and  

l icensee p lan ts .  The transuranium worker i s  defined i n  Appendix A .  ileal t h ,  

n ior ta l i tv  a n d  causes o f  death of the g roup  a t  r i s k  a re  compared with non- 

occupational l y  exposed groups to  determine whether or n o t  there  a re  adverse 

e f f e c t s  due t o  occumtional  exposure t o  the transuranium elements. Transuranium 

workers wi l l  a l s o  be subdivided in to  subgrouns, according t o  the  estimated depo- 

s i t i o n  i f  autopsv i s  n o t  obtained and  according t o  autopsy determined deposi t ion,  

i f  autopsv i s  obtained. 

mortal i ty  a n d  causes of death may be compared with each o the r .  

possible  t o  r e l a t e  the r e su l t s  quan t i t a t ive ly  t o  the degree of deposi t ion.  

The experience of these subqroups with respect  t o  h e a l t h ,  

Also i t  may be 

" A "  TRANSURANIUM WORKER AUTOPSY GROUP 

The trTnsuraniuni (TU) worker group, present  a n d  fu tu re ,  who a r e  autopsied 

are categorized as  follows 

Reqistrv number 

Social s ecu r i ty  number 

Sex 

Race 

Date of b i r th  

Date o f  death 

Cause o f  death 

Serious medical conditions d u r i n g  1 i f e  

E n v i  ronmental exposures other  t h a n  rad ia t ion  

Accurriulated external  rad ia t ion  dose a t  work 

Years o f  Botential  exposure t o  TU elements a t  work (elapsed years 

between employment on TU element work a n d  leavinq TU element work) 

Years o f  actual deposit ion o f  TU elements (elapsed years between 

deposit ion a n d  dea th ) .  Dates and  estimated deposit ions a t  times 
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of known accidental  deposi t ion t o  be recorded. 

TU radioisotopes exposed t o  a t  work 

Non-TU rad oisotopes exposed t o  a t  work 

(13) 

(14)  

(15 )  Type of TU exposure 

( a )  Acute or chronic 

( b )  Via inha la t ion  o r  wound 

Nature of inhaled o r  i n j ec t ed  TU p a r t i c l e s  - s i z e ,  shape,  chemical 

composition, s o l u b i l i t y  

Es t i  iriated der?os i t i  on TU elements during 1 i f e  

( a )  Systemic 

( 1 6 )  

(1  7 )  

( b )  L u n g  

( c )  Wound 

( d )  Tracheobronchial lymph nodes 

( e )  Other organs 

Concentration o f  TU elements in each o r g a n  sampled (nCi per g r a m )  

Deposition from autopsy by organs sampled and by systemic and t o t a l  

body. 

burden est imated before d e a t h .  

t o  confirm questionable i d e n t i f i c a t i o n  by soc ia l  s ecu r i ty  number. 

I t  i s  n o t  used i n  the  d a t a  processing procedures. 

(18)  

( 1 9 )  

Systemic burden found a t  autopsy i s  compared w i t h  systemic 

The employee name i s  hclpful 

"13"  I D E N T I F I E D  TRANSURANIUM W O R K E R S  ( N O T  AUTOPSIED) 
\ 

The same information i s  co l l ec t ed  except f o r  data per ta ining t o  

autopsy - -  items (18) and ( 1 9 ) .  Non-autopsied TU worker causes of death 
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should n o t  be compared w i t h  autopsied qroups as t o  cause of death s ince 

malignant d i sease  i s  of ten found a t  autopsy which was n o t  diagnosed as 

present  before d e a t h .  

" C "  CONTROL GROUPS 

( 1  ) Hanford Operations 

( a )  All Hanford non-transurani um workers p a s t ,  p resent  and  

future. This w o u l d  be t h t ?  primary control g r o u p .  Data i s  on 

tapes prepared by the  A E C  Health and  iilortality Study, a n d  i s  

ava i l ab le  to  the  Regis t ry .  

and (19)  would be omitted as n o t  appl icable .  

years  of employment. 

age in te rva l  group vs. year  of s t a r t  on TU work) ,  sex ,  color .  

S ib l ings  - Data from A E C  Heal th  and I"lorta1it.y Study i s  as follows: 

Items ( 1 3 ) ;  ( 1 5 ) ,  ( 1 6 ) ,  ( 1 7 ) ,  (18) 

( 1 1 )  wou ld  be 

Cohorts by yea r  o f  employment ( f ive-year  

( b )  

( i )  Name and soc ia l  s ecu r i ty  number of employees 

( i i )  Name of s ib l ing  ( l a s t ,  f r s t  and second name) 

( i i i )  Relationship of s i b l i n g  b ro the r ,  s i s t e r ,  ha l f  brother  

or half  s i s t e r )  

( i v )  Age of s i b l i n g  

( v )  Whether deceased 

( v i )  Address of s i b l i n g  (C i ty ,  S t a t e  o r  Country) 

( v i i )  Parents ( f a t h e r ' s  l a s t  a n d  f i r s t  name, age and  address;  

mother 's  maiden name, given name, age and addres s ) ,  

( v i i i )  Year of source record 

Subgroups based on amount of depos 

i n  transuranium workers. 

( c )  

( d )  A sample from U. S .  mor ta l i ty  s t a t  

as t o  age ( f ive-year  g r o u p ) ,  co lor  

t i  on of t ransurani  uiii elements 

s t i  cs broken down by cohorts 

sex.  
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( e )  P o s s i b l y  use a random sample or whole qroup of \.lashin?ton S ta t e  

employed people. 

Autopsy s tudies  a t  Hanford, Los Alamos, e t r .  t o  determine organ 

content o f  radionuclides including the transuraniuiri elements. 

( f )  

( 2 )  Other Plants 

( a )  Salve items as  f o r  C ( l ) ( a )  except these would have t o  be 

co l lec ted  fo r  each p l an t .  

se lec ted  number o f  non-TU workers from the p lan t  of sanie 

aqe a t  h i r e  as the TU Registry s t a r t e r  age,  same s e x ,  co lo r .  

Sibl inqs n o t  ava i lab le  without excessive costs  

We would s e t t l e  f o r  a randomly 

( b )  

( c )  Same as f o r  Hanford 

( d )  Same as f o r  Hanford 

( e )  Omit or s u b s t i t u t e  whatever local aroups ma;/ suqpest 

( f )  Same as f o r  Hanford 



APPENDIX A 

A - - Trfin\urcinic - Ido,-kt:r - - - - i s  defined as one: 

1 )  who hds a deposit ion o f  a t ransuranic  element as a r e s u l t  
o f  occupational exposure as evidenced by: 

a )  confirmed pos i t ive  r e s u l t s  in u r ine ,  f eces ,  or blood. 

b )  confirrried pos i t i ve  r e su l t s  based on in vivo examination. 

2 )  o r  whose occupdlional a c t i v i t i e s  present  a reasonable opportunity 
t o  acquire in te rna l  deposit ion o f  any of the transuranium elements 
i t 1  qua t i t i t i es  gre;)i-cr, t h a n  m i q h t  be expected t o  be found in 
iiet-\ons who a re  n o t  occupationally exposed t o  t ransuranic  elements. 
( I - l i t -  p l  u toniuir these a re  to t a l  a c t u a l  deposit ions g rea t e r  t h a n  0 . 4  nCi . ) 

Theic persons can normally be i d e n t i f i e d  by subjec t ive  review of 
the work assignment f o r  the  individual . Typical c r i t e r i a  incl  ude : 

a )  a n n u a l  or more frequent  rout ine bioassay examinations. 

h )  annual or more frequent rout ine in vivo examinations. 

c )  exposed t o  a i rborne concentrations in excess of 10 MPC-hours 
i n  any one week. 

d )  f requent ly  required t o  wear resp i ra tory  pro tec t ion .  

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

f )  confirmed pos i t i ve  nasal smears o r  nose blows. 

Any one o f  the above pos i t i ve  o r  infc:l-ential c r i t e r i a  i s  s u f -  
f i c i e n t  t o  i den t i fy  a worker as a transuranium worker afid once 
a worker i s  s o  i den t i f i ed  he i s  a l w a y s  considered a trar,suraniurn 
worker. The Registry should be advised which of t h e  abov? items 
were used t o  c l a s s i f y  as TU worker. 

1 0 / 1 4 / 7 4  





APPENDIX C 

Papers and Publ icat ions by Members of t he  Registry S t a f f  

1 .  Norwood, W . D .  and Newton, C . E . ,  J r . :  U.  S .  Transuranium Registry 
Study o f  Thir ty  Atuopsies presented a t  the Annual Meeting of the 
Health Physics Society J u l y ,  1974 and published i n  Health Physics- 
Vol . 28, 669-675, June, 1975. 

2 .  Norwood,W.D., Newton, C . E . ,  K i rk l in ,  C . W . ,  Heid, K . R .  and 
Bre i t ens t e in ,  B.D. :  

presented a t  University of Utah's workshop on The Biological 
Ef fec ts  and Toxici ty  o f  239Pu and 226Ra, S u n  Valley, Idaho, 
October 6 - 9 ,  1975. This paper i s  included i n  th i s  report 
and i s  t o  be published 
in 1976. 

Health o f  Hanford Plutonium ( P u )  Workers, 

in  the Proceedings o f  t h i s  meeting e a r l y  

3 .  Norwood, W . D . :  Health Protect ion of Radiation Workers, published 
by Charles C .  Thomas, Sp r ing f i e ld ,  I l l i n o i s ,  1975. 
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The U .  S .  Transuranium Registry (USTR) was es tab l i shed  in  1968 t o  determine i f  in te rna l  
deposi t ions of transuranium elements a f f e c t  the heal th  s t a t u s ,  longevi ty  a n d  cause of 
death of exposed workers. Such answers a re  e s sen t i a l  t o  the  progress of the breeder 
r eac to r  program f o r  power generat ion.  Comparative heal th  s t u d i e s  a re  in progress 
s t a r t i n g  i n i t i a l l y  with 26 Los Alamos workers most heavily exposed t o  p l u t o n i u m  
deposi t ions.  A t  Hanford 425 plutonium deposi t ion cases a re  being compared t o  s i b -  
l i n g s ,  p l u t o n i u m  workers w i t h  no known depos i t ion ,  o ther  Hanford workers a n d  a one 
percent matched sample of U. S.  workers obtained from Social  Secur i ty .  Health 
s t a t u s ,  longevi ty  a n d  death causes subdivided according t o  es t imated cur ren t  depo- 
s i t i o n  o r  t h a t  f o u n d  a t  autopsy a re  being compared. Similar  s t u d i e s  a re  contemplated 

. f o r  o ther  s i t e s  when the bas i c  epidemiological design i s  developed and approved. 

- ____ ____ . _. ...__ _ _  . ______I_ 

R E L L L T S T O D A T E  Some 9055 workers a t  r i s k  t o  transuranium elements have been identif!ed 
a t  the  various E R D A  s i t e s  and a re  being ind iv idua l ly  i d e n t i f i e d  and bas ic  i n f ~ r r i a t i o n  
suppl ied t o  the  USTR f o r  ana lys i s  and data  processing. F i f ty  au tops ies  have been 
performed and in  general show a smaller  systemic a n d  a l a r g e r  lung deposi t ion o f  
plutonium than predic ted .  A report of present heal th  s t a t u s ,  mor t a l i t y  a n d  cause 
of death of 425 Hanford workers with in te rna l  deposi t ions of  plutonium subdivided 
according t o  the amount o f  the de o s i t i o n  i s  expected t o  be com l e t e  a n d  re leased 
i n  October 1975. A committee of 1 e a l t h  phys i c i s t s  from major  E DA cont rac tors  i s  
being sponsored by USTR t o  def ine  an assure  cQmpa.tibility of hea l th  physics d a t a  - __- .~ - - prepare! fo r  use i n  Registry programs. 
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HEALTH OF HANFORD PLUTONIUM (Pu) WORKERS 

W. D. Norwood, C .  E. Newton, C .  W .  K i r k l i n ,  
K .  R .  H e i d  and B .  0 .  B r e i t e n s t e i n  

F o r  p r e s e n t a t i o n  a t  

The U n i v e r s i t y  o f  U t a h ' s  

T o x i c i t y  o f  Pu and '"Ra 
Workshop on t h e  BJ$Jogical  e c t s  and 

Sun V a l l e y ,  I daho  
October  6 - 9 ,  1975 



HEALTH OF H A N F O R D  P L U T O N I U M  ( P u )  WORKERS* 
PART I OF STUDY 

a W .  D. NorwoodYa C.  E .  C .  W .  K i rk l in ,  
K .  R .  Heid b and B .  D .  Bre i tens te ina  

ABSTRACT - -  Health, mor t a l i t y  a n d  cause of death i n  452 Hanford 
known Pu deposi t ion cases was analyzed f o r  the period 1944 t o  
1975. Malignant d i sease  a s  a cause of morbidity and mor ta l i ty  
was c a r e f u l l y  examined because of i t s  occurrence in  labora tory  
animals subjected t o  very l a rge  doses of  plutonium. Other 
se r ious  d iseases  were a l s o  considered. The average years  a t  
r i s k  i n  these  ind iv idua ls  with deposi t ions was 23 (range 2 - 31) 
years .  The average years  following deposi t ion i n  those estimated 
t o  have more than 4 nCi  was 1 6 . 7  (range 6 - 30) yea r s .  
c l i n i c a l  judgment i n  evaluat ing s e v e r i t y  of malignancy, and o ther  
d i sease ,  t he re  does n o t  appear t o  be any meaningful d i f fe rence  
between the  heal th  and mor t a l i t y  o f  t h e  employees w i t h  low dep- 
o s i t i o n  of P u  ( 1 2  nCi) and t h a t  of employees with higher sys- 
tematic deposi t ions ( 2  nCi t o  400 n C i ) .  

Using 

INTRODUCTION 
This paper presents  one f a c e t  of a continuing e f f o r t  t o  evaluate  

the heal th  of employees w h o  handle open sources of transuranium elements 
under condi t ions found in Energy Research and Development Administration 
( E R D A )  f a c i l i t i e s  operated by t h e i r  major cont rac tors  and i n  f a c i l i t i e s  
operated by 1 icensees under t he  Nuclear Regulatory Commission ( N R C ) .  
The urgent need f o r  a study of the hea l th  of p l u t o n i u m  workers by means 
of the follow-up of well defined populations has been emphasized by the  
Advisory Committee of the  U. S .  Transuranium Regis t ry  (USTR) ( U .  S .  
Transuranium Registry (USTR)  Advisory Committee Meeting, Richland, 
Washington, October 3-4, 1974) and endorsed a t  a workshop f o r  medical 
d i r e c t o r s ,  heal th  phys ic i s t s  of  t he  major E R D A  i n s t a l l a t i o n s  handling 
transuranium elements, and consul tan ts  (Workshop convened by USTR, 
Denver, Colorado, February 27, 1975).  Such knowledge i s  v i t a l  t o  

*This paper i s  based on work performed under Contract E(45-1)-1837 
w i t h  t he  Energy Research and Development Administration. 
a .  Hanford Envi ronmemtal Health Foundation 
b .  B a t t e l l e  Pac i f i c  Northwest Laborator ies  
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nual ly  assess  the extent o f  possible  adverse e f f e c t s ,  i f  any, 

personnel may enounter i n  p a r t i c i p a t i n g  i n  t he  continued develop- 
of nuclear  energy and i n  p a r t i c u l a r  the breeder r eac to r  program. 

ERDA E P I D E M I O L O G I C A L  STUDY 
The portion o f  t h e  U. S .  Transuranium Registry study a t  Hanford 

presented i n  th i s  paper, i s  an e a r l y  evaluat ion of r ead i ly  ava i l ab le  
data and wi l l  become p a r t  of  the over-al l  epidemiological s tudy which 
wi l l  def ine  a study population cons is t ing  of  a l l  i d e n t i f i e d  Pu workers 
w i t h  e i t he r  de t ec t ab le  burdens or burdens above a s t a t e d  value a t  the 
major f a c i  1 i t i e s  hand1 ing open sources o f  pl u t o n i u m .  
be employee populations of ( 1 )  exposed Pu  workers w i t h  no de t ec t ab le  
burden and ( 2 )  employees having no exposure t o  plutonium. T h e  f i na l  
decision on the c r i t e r i o n  t o  be used in  d e f i n i n g  the study population 
has not been made. 

Controls w i  11  

EARLY STUDIES 
A s tudy of hea l th  of  twenty-five ( 2 5 )  heavily exposed plutonium 

workers a t  the  Los Alarnos S c i e n t i f i c  Laboratory was published i n  1973 
(Hernpelmann e t  a l .  1973). 
t h e  medical f indings i n  the group can be a t t r i b u t e d  d e f i n i t e l y  t o  
i n t e r n a l l y  deposited plutonium." 
workers who have deposi t ions i s  now in progress a t  Los Alamos. 

The conclusion was t h a t  " t o  da t e ,  none of 

A study o f  heal th  o f  some 250 P u  

PART I HANFORD STUDY 
As  depicted i n  Figure 1 ,  this was a study of hea l th ,  longevi ty  

and causes of death,  covering a period of  about th i r ty-one  years  
(1944 - 1975),  o f  a l l  Hanford P u  workers (452)  i d e n t i f i e d  a s  having 
deposi t ions of P u .  As of  September 1, 1975, 239 o f  these  were s t i l l  
w o r k i n g  a t  Hanford and 213 had separated by re t i rement ,  death or f o r  
o ther  reasons.  

*The 63 who  could not be contacted a r e  considered t o  be a l i v e  as  of 

Eighty-six (86)  percent o r  389 o f  the 452* workers 

1973 since the Social Secur i ty  Administration has no evidence of 
the i r  death.  
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were located and heal th  s t a t u s  or cause of death determined. The 
389 were divided in to  those 1 iving (355) and those deceased ( 3 4 ) .  
Causes of death were determined on 32 of the  deceased and wil l  be 
determined on the o ther  two.* Health s t a t u s  of 110 l i v i n g  workers 
with estimated deposi t ion of Pu g rea t e r  than 2 nanocuries was corn- 
pared w i t h  t h a t  o f  245 Pu workers w i t h  estimated deposi t ions o f  2 or 
less nCi. In l i k e  manner the  34 deceased workers were separated i n t o  
two groups: 9 w i t h  deposi t ions g rea t e r  than 2 n C i ;  and 25 w i t h  depo- 
s i t i o n s  o f  2 n C i  o r  l e s s .  
n C i  of Pu  represent  persons who have incurred some s l i g h t  plutonium 
in take  confirmed by pos i t i ve  bioassay samples. 
level  of a c t i v i t y  many unce r t a in t i e s  exis t  in  the  data  and i t  i s  d i f f i -  
c u l t  or even impossible t o  quant i fy  the  deposi t ion.  
i n  preparing t h i s  report  prevented the i d e n t i f i c a t i o n  o f  a s u i t a b l e  
comparison group outside the Hanford plutonium worker group; therefore  
the Pu workers w i t h  l e s s  than 2 nCi were used f o r  an in te rna l  com- 
par ison.  Excluded from the study were a l l  Hanford plutonium workers 
who had no ind ica t ion  of plutonium deposi t ion by u r i n a l y s i s .  

The present hea l th  s t a t u s  o f  those cu r ren t ly  employed a t  Hanford 
was determined by a careful  review of t h e  Hanford Environmental Health 
Foundation medical records.  Health s t a t u s  o f  the  separated employees 
was determined by a quest ionnaire  o r  interview.  
were obtained f o r  those who had d i e d .  

Employees having deposi t ions of  2 or l e s s  

However, a t  this low 

Time cons t r a in t s  

Death c e r t i f i c a t e s  

HEALTH O F  PRESENTLY EMPLOYED H A N F O R D  WORKERS 
WHO H A V E  P u  DEPOSITIONS 

A t  Hanford, ca re fu l ly  executed medical examinations were made a t  
the time o f  employment and a t  i n t e r v a l s  o f  twelve ( 1 2 )  t o  f i f t e e n  (15)  
months on a l l  employees s ince  operat ions began i n  1944 and these records 
a r e  ava i l ab le  for study as  a r e  c a r e f u l l y  kept heal th  physics records.  
A wealth of information has been data  processed and i s  ava i l ab le  on 

*Social Secur i ty  check of deaths i s  t o  1973. Some deaths may have 
occurred s i n c e  then in  the 63 separated P u  workers not loca ted .  
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tapes (Mancuso and Sanders 1975).  
s t a t u s  of Pu  workers, i t  was necessary t o  review and summarize individual 

hea l th  records.  
t en  years  were examined and a work sheet  was prepared f o r  each employee 
under study.* Such a shee t  i s  shown in Table I .  Microfifms were 
ava i l ab le  f o r  previous years  and were u t i l i z e d  a s  needed. 
ployee under study was then charac te r ized  by name, soc ia l  s e c u r i t y  
number, sex,  r ace ,  b i r t h  da t e ,  s e rv i ce  da t e ,  years  a t  risk i n  Pu  work, 
type of work, work loca t ions ,  c i g a r e t t e  smoking h a b i t s ,  major work 
exposures other than r ad ia t ion ,  cumulative exposures t o  ex terna l  r a d i -  
a t i o n  a t  work, estimated in te rna l  deposi t ion of P u ,  cumulative dose t o  
organs and incidence and s e v e r i t y  o f  d i sease .  

However, t o  determine present  heal th  

Health records covering a period of the l a s t  s ix  t o  

Each em- 

Medical examinations included pre-employment and follow-up 
per iodic  medical h i s t o r i e s ,  physical examination and labora tory  and 
x-ray s tud ie s .  Chest x-rays were taken a t  each examination. Urinal-  
yses  and compl e te  blood counts were a1 te rna ted  w i t h  SMA 12-60 blood 
chemistry p r o f i l e s .  These included calcium (Ca ) ,  inorganic  phos- 
phorus ( Ino r .  Phos. ) ,  glucose ( G l u ) ,  blood urea ni t rogen ( B U N ) ,  u r i c  
ac id ,  choles te ro l  (Cho l  . ) ,  t o t a l  protein ( T P ) ,  albumin ( A l b . ) ,  t o t a l  
b i l i r u b i n  ( T .  B i l i . ) ,  a l k a l i n e  phosphatase (Alk. P h o s . ) ,  l a c t i c  de- 
hydrogenase ( L D H )  and serum glutamic oxa loace t ic  transaminase (SGOT) . 
Single  abnormal Alk. Phos., L D H  and SGOT abnormali t ies  were recorded 
i n  the summaries s ince  Alk. Phos.  and LDH were s tudied t o  determine . 

i f  they were possibly a f f ec t ed  by Pu deposi t ions.** S ingle  SGOT 
abnormali t ies  were noted because they may have s ign i f i cance .  

tt 

Blood 

- 
*In long-term employees, the o r ig ina l  pre-employment and some per iodic  

examinations would not be reviewed. However, occupational physicians 
repeat  the per t inent  medical f indings on the  l a t e r  medical records.  

**Unpublished Studies  a t  Rockwell In te rna t iona l  Rocky F la t s  P lan t .  
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T A B L E  I 
___._ 

/ /  

T Y P I C A L  \*KIRK SHEET SHOWING HEALTH RESUME OF EACH EMPLOYEE 
PRESEI:TLY EMPLOYED IN PLUTONIUM ( P u )  WORK AT THIS PROJECT 

Each Has an Estimated Systemic Deposition o f  Plutonium 
(Abbreviation code  shown a t  bottom o f  t a b l e )  

Occupational 
Fiedi cal  
Examination 

4/ 7/ 75 
Interim 

1/24/74 
Periodic  

10/17/73 
r e tu rn  t o  
work 

9/14/72 
I n t e r  i m  

5/17/71 
Peri odi c 
2/9/ 70 
Interim 

11 /4/68 
Peri odi c 
8/4/67 
Interim 
5/17/66 
Periodic  

Summary 

(name) , SS# , ED 1-25-16, SD 6-3-47 
Lead Nuclear Chem. Oper. 200-W, 234-5 Bldg; 5'2" - 141#, ( C E C ,  UA, 
Ch x-ray) - W N L ,  IMH - Smoked 1 p k g  cqts lday 15 yea r s  t o  1945 
Blood sugar  180 ;q.% - high, Px - 140/80 B P ,  IMH - Hypertension 
(under treatment , p r o s t a t i c  i n f e c t i o n .  
n a i r e  - mother had Ca o f  b r e a s t .  
(2 .5  - 8 ) ,  Inorg. Phos. 2 (2.5 - 4 . 5 ) ,  Ch x-ray - WNL. 
IMH - p r o s t a t i t i s  and t e s t i c u l i t i s .  

Ca screening question- 
SMA -12-60 -Uric Acid 10.5 

IMH - no change, (CBC, U . A .  x-ray - c h e s t )  WNL. 

IMH - j o i n t  pains.  Px B P  - 142/100. SMA - Inor .  Phos. 2 (2 .5  - 8 ) ,  
Glu. - 140 (65-110). 
( C B C ,  U . A . ,  ches t  x-ray) W N L .  IMH - post  ope ra t ive  u re th ra l  
s t r i c t u r e .  
IMH - no change. Px - BP 170/100. SMA - Elev. o f  g l u . ,  
Uric A . ,  depression o f  Inorg. Phos., chest  x-ray - W N L .  
IMH - no change. ( C B C ,  U A ,  ches t  x-ray) W N L .  

Pulmonary function t e s t  - normal. IMH - no change. P ros t a t e  
surgery - Nov. 19, 1964 (benign hypertrophy) no t  malignant.  

Smoked 1 p k g  cg t s /d  15 yea r s  t o  1945 - med. smoker, hypertension,  
Uric A c i d  + Inorg. Phos. -, p r o s t a t e  surgery - no t  malignant. 

PX - BP 180/90. 

W N L  - within .normal. 1imit.s 
IMH - interim medical h i s t o r y ,  P x  - physica 
B P  - blood p res su re ,  Ca - carcinoma, SMA - b 
survey - 12 determinat ions,  B D  - b i r t h  d a t e ,  
d a t e  f o r  P u  work, C B C  - complete blood count 
Ch - c h e s t ,  Cgts - c i g a r e t t e s ,  P k g  - package 
- = below norm1 

examination , 
ood chemistry 
SD - s e r v i c e  

UA - u r i n a l y s i s ,  
+ = above norm1 
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sugar changes were n o t  noted unless a diagnosis of diabetes  m e l l i t i s  
or other  abnormal diagnosis was made. 
only i f  found on repeated examinations. Abnormalities in  blood 
chemistry were reported only as  high o r  l o w  as  compared with the  
normal range in  t h i s  report  a n d  will  be considered in  more d e t a i l  
i n  a l a t e r  s tudy.  

Other SMA values were noted 

C H A R A C T E R I Z I N G  HEALTH 
Since in laboratory animals,  malignant disease espec ia l ly  of 

lungs,  bone, l i v e r ,  lymph nodes and  a t  s i t e s  of local wounds has 
occurred following l a rge  Pu  deposi t ions,* incidence of malignant d i s -  
ease and  m o r t a l i t y  due t o  malignancy was of major  importance. 
of other  major diseases  was a l so  determined. The increased incidence 
o f  a the rosc l e ros i s  in c i g a r e t t e  smokers has been c i t ed  as  possibly re- 
la ted  t o  a l p h a  emit t ing polonium associated with c i g a r e t t e  smoke 
(Martel 1 1 9 7 5 ) .  Therefore incidence o f  a therosc le ros is  was ca re fu l ly  
considered. 

Incidence 

Diseases were character ized according t o  nomenclature of t he  
Eighth Revision In te rna t iona l  C las s i f i ca t ion  of Diseases, Adapted 
( I C D A ) .  Flalignancy was dis t inguished by the organ o f  o r i g i n ,  type 
a n d  maturity o f  c e l l s  noted by pa thologis t ,  presence o r  absence of 
metastases ,  type of therapy, years w i t h o u t  recurrence following therapy 
a n d  other  f ac to r s  ava i l ab le .  Hypertension was considered t o  be present 
i f  there  was a repeated s y s t o l i c  pressure of 175  mm of Hg or grea te r  
o r  a repeated d i a s t o l i c  pressure of 90 o r  grea te r  or i f  the  employee 
was receiving therapy f o r  elevated b lood  pressure from h i s  personal 
physician.  Obesity was noted i f  the  occupational physician had  ad-  
vised the employee t o  t r y  t o  reduce. 
subdivided in to  ( 1 )  t h a t  with infarc t ion  o r  severe enough f o r  surg ica l  
bypass or ( 2 )  t h a t  without in farc t ion  or requir ing surgical  co r rec t ive  
ac t ion .  When such organs as  b reas t s ,  u t e r i ,  p ros t a t e s ,  e t c .  were 

Coronary a r t e r y  disease was 

*Hundreds o f  times the equivalent  maximum permissible deposi t ion 
for humans. 
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n o t e d  as h a v i n g  been removed o r  o p e r a t e d  on, t h e  h o s p i t a l  o r  p h y s i c i a n  

was asked f o r  a c l i n i c a l  and p a t h o l o g i c a l  d i a g n o s i s .  S i m i l a r  i n f o r -  

m a t i o n  was  secured i n  s i t u a t i o n s  o f  known ma l ignancy  t o  l e a r n  t h e  t y p e  

o f  c e l l  and e s t i m a t e d  s e v e r i t y  o f  t h e  c o n d i t i o n .  

d i seases  was e s t i m a t e d ,  u s i n g  c l i n i c a l  judgment .  F o r  example, p e p t i c  

u l c e r  was c h a r a c t e r i z e d  as r e q u i r i n g  med ica l  t h e r a p y  o n l y  o r  b o t h  

rnedi c a l  and s u r g i c a l  t r e a t m e n t .  

S e v e r i t y  o f  o t h e r  

F I N D I N G  AND C H A R A C T E R I Z I N G  HEALTH 
AND CAUSE OF DEATH OF SEPARATED EMPLOYEES 

Separa ted  employees were o f t e n  d i f f i c u l t  t o  l o c a t e  and s e v e r a l  

methods were used. I n  r e c e n t  y e a r s ,  t h e  address  o f  t h e  Pu w o r k e r  a t  

t h e  t i m e  of  t e r m i n a t i o n  has been r e c o r d e d  and he has been asked t o  

comple te  a new address f o r m  i f  he moved and t o  r e t u r n  i t  t o  t h e  U. S .  

T ransuran ium R e g i s t r y  i n  a s e l f - a d d r e s s e d  enve lope.  

a u t h o r i z e d  au topsy  a r e  s e n t  a new c a r d  a n n u a l l y  and a l e t t e r  t o  them 

p e r i o d i c a l l y  b r i n g s  them u p - t o - d a t e  on R e g i s t r y  a c t i v i t i e s .  T h e i r  

c o n t r a c t  w i t h  t h e  R e g i s t r y  i s  renewed a t  f i v e - y e a r  i n t e r v a l s  and 

se rves  as a f u r t h e r  o p p o r t u n i t y  f o r  c o n t a c t  and exchange o f  i n f o r m a -  

t i o n .  I f  l e t t e r s  t o  l a s t  addresses a r e  r e t u r n e d  by t h e  Pos t  O f f i c e  

i t  has been p o s s i b l e  t o  g e t  a l i m i t e d  number p rocessed a n n u a l l y  by t h e  

S o c i a l  S e c u r i t y  A d m i n i s t r a t i o n ,  who s e n t  a l e t t e r  t o  the l a s t  known 

address  t o  i n d i c a t e  t h a t  t h e  R e g i s t r y  wou ld  l i k e  t o  communicate w i t h  

t h e  i n d i v i d u a l .  The s e p a r a t e d  employee may or may n o t  t h e n  e x e r c i s e  

h i s  o p t i o n  t o  communicate w i t h  t h e  R e g i s t r y .  S o c i a l  S e c u r i t y  a l s o  

has searched t h r o u g h  a l i m i t e d  l i s t  o f  names p e r i o d i c a l l y  f o r  t h e  

R e g i s t r y  t o  de te rm ine  t h o s e  who have d i e d  and where t h e  employee 

d i e d .  

v i t a l  s t a t i s t i c  r e c o r d s  t h e  cause o f  dea th  was de te rm ined .  

Those who have 

By c o n t a c t i n g  t h e  p r o p e r  S t a t e  government depar tment  k e e p i n g  

A c u r r e n t  h e a l t h  s t a t u s  q u e s t i o n n a i r e  was s e n t  t o  f o r m e r  p l u -  

t o n i u m  worke rs  a s k i n g  f o r  name o f  spouse and names o f  two f r i e n d s  o r  

r e l a t i v e s  who a r e  most l i k e l y  t o  always know h i s  address .  A d d i t i o n a l l y  
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he was asked t o  answer the  following quest ions:  
heal th? ( 2 )  Have you had any ser ious  i l l n e s s  or operat ions requir ing 
hosp i t a l i za t ion?  ( 3 )  I f  yes ,  what i l l n e s s ?  ( 4 )  I f  yes ,  name o f  hos- 
p i t a l  and approximate da t e s ,  and ( 5 )  Comments. Such a simple question- 
na i re  had proven successful i n  the  Los Alamos study r e fe r r ed  t o  pre- 
viously.  Receipt o f  l e t t e r s  was ve r i f i ed  by c e r t i f i e d  mail .  Occasion- 
a l l y  a n  employee refused t o  accept t he  l e t t e r  b u t  courteously answered 
the quest ions when the  physician ca l led  by phone. 
not answered and phone contac t  could n o t  be made, house c a l l s  were 
made by the physician i f  the employee l ived  i n  the  local  a r ea .  
such cases s a t i s f a c t o r y  answers t o  the same questions were obtained 
and follow-up information secured from hosp i t a l s  a n d  physicians,  who 
graciously cooperated i n  t h i s  e f f o r t .  Even s o ,  loca t ion  of people 
who have l e f t  the a rea  twenty o r  t h i r t y  years  ago has not been easy. 
Following the  r e l a t i v e l y  few construct ion workers was more d i f f i c u l t .  
C o n t i n u e d  e f f o r t s  a r e  b e i n g  made t o  loca te  more separated employees. 
For uniformity,  one physician ( W D N )  made a l l  contacts  w i t h  separated 
employees and a l l  evaluat ions of heal th  o f  t h i s  g r o u p  and o f  the group 
present ly  employed a t  t h i s  p ro jec t .  A t  the  time of  making such eval-  
uations he was n o t  aware of the  estimated deposi t ion o f  Pu  for these 
employees . 

( 1 )  Are you i n  good 

When l e t t e r s  were 

I n  a l l  

ESTIMATED CUMULATIVE DOSE D U E  TO D E P O S I T E D  PLUTONIUM 
More important than cumulative years  a t  r i s k  i s  the estimated 

cumulated dose t o  organs based on estimated i n i t i a l  inputs  and da tes  
of such i n p u t s  by wound or inha la t ion  and subsequent i n t e rna l  t r a n s f e r  
and e l imina t ion .  Bioassay and in v i v o  data were co l l ec t ed  t o  es t imate  
the  r e s u l t i n g  deposi t ion f o r  each case involving the  accidental  in take  
of  plutonium. 
model (American Indus t r ia l  Hygiene Association 1956) f o r  t r anspor t ab le  
forms of plutonium or t o  the  Healy model (American Indus t r ia l  Hygiene 
Association 1957) f o r  non-transportable  forms of plutonium t o  determine 

Bioassay r e s u l t s  were f i t t e d  t o  e i t h e r  the Langham 



- 10 - 

the  systemic burden commitment. This es t imate  o f  t he  t o t a l  systemic 
burden was then used t o  c a l c u l a t e  t h e  dose ( i n  rads)  t o  the  bone and 
l i v e r .  When s u f f i c i e n t  i n  vivo measurements were ava i l ab le  these lung 
count data  were used t o  c a l c u l a t e  dose t o  lung. 
count data  were ava i l ab le ,  t he  Task Group Lung Model (Task Group on 
Lung Dynamics 1966)  concepts were a p p l i e d  f o r  use w i t h  bioassay r e s u l t s .  
Organ dose ca l cu la t ions  were based on the recommendations o f  t he  Ad- 
visory Committee t o  E R D A  on Dose from Plutonium (Mancuso and Sanders 
1 9 7 4 ) .  Pe r t inen t  assumptions recommended by th i s  committee include 
a 45%-45% pa r t i t i on ing  o f  the a c t i v i t y  reaching blood t o  bone and 
l i v e r ;  100-year half- t ime clearance from the bone and 40-year ha l f -  
time clearance from the  l iver .  Since no q u a l i t y  f a c t o r  was used, the  
dose was reported i n  rads .  Rem doses can be ca lcu la ted  by multiply- 
ing the  bone dose i n  rads by 50 and the lung a n d  l i v e r  doses i n  rads 
by 10. 

equals o r  exceeds 4 n C i  plutonium. When the deposi t ion r e s u l t s  from 
more than one in t ake ,  only the da te  f o r  the major in take  was i d e n t i -  
f i e d ;  however, dose ca l cu la t ions  r e f l e c t  the combined dose from a l l  
depos i t ions .  This wil l  help t o  i den t i fy  the t o t a l  exposure dura t ion ,  
b u t  could i n  a few cases be somewhat misleading. 
was l i s t e d  for  each person. Organ doses received through 1974 and 
the  50-year dose commitment was l i s t e d  f o r  each case.  

I f  i n s u f f i c i e n t  lung 

Table I 1  l i s t s  those cases where the deposi t ion for  an individual 

The mode of in take  

STUDY FINDINGS 
Discussion of Comparability o f  

Low Deposition vs. Higher Deposition Cases 
The study groups f a l l  i n t o  four  bas ic  d iv is ions  which are charac- 

t e r i zed  i n  Table 111. The in te rna l  comparabili ty o f  the  s t i l l  em- 
ployed Pu  workers and  t he  separated contacted P u  workers i s  very c lose .  
There i s  some variance i n  average years  a t  r i s k  i n  the very l o w  and 
higher Pu  deposi t ion cases i n  the  deceased g r o u p  and i n  age i n  t he  
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T A B L E  I 1  

A L L  HAf4FOK[) PLUTONIUM D E P O S I T I O N  C A S E S  2 4  nCi 
C A L C U L A T E D  R A D  DOSES TO ORGAI.18 

Case Dep. 
No. Year 

1 1945 
2 1347 
3 1947 
4 1947 
5 1948 
6 1941: 
7 1950 
8( DTl951 
9 1951 

10 1951 
11 1952 
12 1952 
13 1952 
1 4  1952 
1 5  1952 
1 6  1952 
1 7  1953 
1 8 (  D)1953 
1 9 (  D)1953 
20 1953 
21 1953 
22 1954 
23 1954 
24 1954 
25 1954 
26 1954 

___ 

Years E s t i m a t e d  
S i n c e  Types Sys temic  
Deposi-  o f  Burden 
t i o n  i n t a k e s  ( n C i  P u )  -____ 

30 
28 
28 
25 
27 
27 
25 

1 7  
24 
24 
23 
23 
23 
23 
23 
23 
22 
1 7  

9 
22 
22 
21 
21 
21 
21 
21 

I *  25 
I 25 
I 20 
I 7 
I 75 
I 5 
I 5 
I 5 
I 8 
I 5 
W *  45 
I 25 
I 8 

I 9 
I 7 
I 4 

1 ,w 7 

I 7 
I 25 

1 ,W 6 
I 4 
I 4 
I 6 
I 4 

1 ,w 7 
I ,w 7 

C a l c u l a t e d  Rad Dose*** t o  Organs 
Through 1974** 50-yr Commitment 

25 
15 

1 5  
2 

50 
3 

4 

(1 
5 
1 

- -  

1 5  
4 
4 
2 

(1  
2 
3 

1 5  
3 

2 

(1 
3 

2 
2 
2 

Bone 
6 
6 
5 
2 

1 0  
1 

1 
L1 

2 
1 

1 0  
4 
2 
2 
2 
1 

1 

(1 
1 
1 

1 
1 

1 
1 
1 

1 

Liver Lung Bone 
___. __- 

1 5  
1 5  
1 2  

5 
45 

3 

3 
2 
4 
3 

25 
10 

4 
5 
4 
2 
3 
2 
4 
3 
2 
2 
3 
2 
3 
3 

25 
1 5  
1 5  

2 
50 

3 
4 
1 
5 

1 
- -  
1 5  

4 
4 
2 

(1  
2 
3 

1 5  
3 
2 

(1 
3 
2 
2 
2 

12 
1 1  

2 
3 

32 
2 

2 
2 
3 
2 

20 
1 0  

3 

4 
3 
2 
3 
2 

13 
3 
2 
2 
3 
2 
3 

3 

L i v e r  

* I  = I n h a l a t i o n ,  W = Wound, ( D )  = Deceased 
**Or u n t i l  d e a t h .  

***Dose from 239Pu o n l y  t o  conform w i t h  p r a c t i c e  a t  o ther  E R D A  p r o j e c t s .  
o t h e r  t a b l e s ,  t h e  d e p o s i t i o n  e s t i m a t e  i s  f rom 239Pu t 2 4 1 P u ,  the p r a c t i c e  here.  

1 0 0 9 b 5 4  

25 
25 
20 
8 

75 
5 
5 
5 
8 
5 

50 
25 
8 
9 
8 
3 
7 
4 

25 
6 
4 
4 
6 

5 
7 
6 

I n  a l l  
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Case Dep. 
No. Year 
27  1954 
28 1955 
29 1955 
30 1955 
31 1955 
32 1955 
33 1955 
34 1955 

35 ( D )  1955 
36 1956 
37 1956 
38 1956 
39 1956 
40 1956 
41 1956 
42 1957 
43 1957 
44 1958 
45 1958 
46 1958 
47 1958 

48 ( D )  1959 
49 1959 
50 1960 
51 1961 

52 ( D )  1961 
53 1961 
54 1961 

55 ( 0 )  1962 
56 ( D )  1962 
57 1962 

Years 
Since 
Depos i - 
t i o n  Intakes 

21 
20 
20 
20 
20 
20 
20 
20 
1 7  
19 
1 9  
19 
1 9  
1 9  
19 
18 
18 
17 
1 7  
1 7  
1 7  
14  
1 6  
15 
1 4  

9 
14  
14  
1 2  
1 2  
1 3  

I 
I 

1 ,w 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 ,w 
I 

1 ,w 
I 
I 
W 

I 
W 

I 
I 
I 

1 ,W 
I 
I 
I 
I 
I 

I ,w 
I 

Estimated 
Systemic 

Burden 
(nc i  P u )  

8 
4 
5 

1 0  
7 

8 5  
4 
8 

35 
5 
8 

35 
50 

400 
6 
4 
5 
9 
5 

25 
10  
1 0  
1 5  

7 
5 
8 

4 
1 5  

4 
8 

4 

Calculated Rad Dose t o  Orqans 

:ung 
2 
3 
1 
5 
5 

1 5  
4 
2 

20 
5 
5 

20 
45 
40 

6 
3 
3 

- -  

4 
-- 

4 
7 
2 
3 
1 

C l  
3 
9 
3 
2 

41 

Bone 
2 
1 
1 
2 
1 

1 6  
1 
2 
5 
1 
1 
5 
7 

80 
2 

<1 
(1 

2 

(1 
5 
2 
1 
2 

1 
L l  

41 

Ll 
2 

41 
1 

41 

4 
2 
2 
4 
3 

40 
2 
4 

15 

2 
3 

10 
20 

200 
6 
1 
2 
4 
1 

1 2  
4 
3 
6 
2 
1 
2 

1 
5 

1 
3 
1 

2 
3 
1 
5 
5 

1 5  
4 
2 

25 
5 
5 

20 
45 
40 

6 
3 
3 

- -  

4 
-- 

4 
7 
2 
3 
1 

(1 
3 
9 

3 
3 

(1 

4 9 
2 3 
2 5 
4 10 
3 7 

40 100 
2 4 
4 9 

16 35 
2 5 
3 8 

1 5  35 
20 50 
290 400 

3 9 
2 4 
2 5 
4 10  
2 5 

1 2  30 
5 10 
4 10  
6 1 5  
3 8 
2 5 
4 9 
2 4 
6 1 5  
2 4 
4 10 
2 4 



Case Dep. 
No. Year 
58 1962 
59 1962 

60 ( D )  1962 

I_ - 

61 
62 
63 
64 
65 
66 
67 
68  
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

1962 
1962 
1962 
1962 
1963 
1963 
1963 
1963 
1964 
1964 
1964 
1964 
1964 
1964 
1966 
1966 
1966 
1966 
1967 
1967 
1967 
1968 
1969 
1969 
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Years Estimated 
Since Sys temi c 
Depos i - Burden 
tion Intakes ( n C i  P u )  

13 
1 3  
8 

1 3  
1 3  
13  
1 3  
12 
12 
1 2  
12 
11 
1 1  
11 
11 
i l  
11 
9 
9 
9 
9 

8 
8 
8 

7 
6 
6 

4 
10 
10 
4 

15 
4 

15 
4 
4 
4 
6 
6 
8 
5 

4 
100 

6 
9 
5 

20 
5 

1 5  
7 
8 

15 
20 
1 5  

Calculated Rad Dose t o  Organs 
T h r o u g h  1974 

Lung 
3 

- -  

5 
3 

15 
3 
7 

3 
(1 

2 
- -  
-- 

5 
3 
2 

-- 

5 
2 
4 

4 1  

3 
- -  

2 

10 
9 

7 
10 

Bone 

<1 
2 
1 

tl 
1 

(1 
2 

Cl 
<1 
41 

1 
(1 
(1 
<1  
41 
11 
Cl 

1 
41 

2 
41 

7 
(1 

1 
1 
1 
1 

__ Liver 
(1 

4 
3 

1 
3 

2 
4 

(1 
1 
1 
2 
2 
1 
1 

<1 
30 

1 
3 

1 
4 
1 
4 
1 
2 
2 
3 
2 

50-yr Commitment -_ 
Lung Bone 

3 
-- 

5 
3 

15 
3 
7 
3 

C l  

2 
-- 
-- 

5 
3 
2 

-- 
5 
2 
4 

<l 
3 

- -  
2 

8 
10 

7 
10 

1 
5 
4 
2 
6 
1 
5 
1 
2 
1 
3 
3 
3 

2 
1 

50 
3 
4 
2 
8 

2 
7 
3 
5 
6 

7 
6 

Liver 
3 

10 
12 

3 
15 
4 

1 2  
3 
3 
4 
6 
6 
7 
5 
3 

100 
6 

9 
4 

20 
5 

25 
6 

10 
1 4  
15 
1 5  
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T4BLE I 1 1  

C ~ ~ P A R A B I L I T Y  OF LON vs .  H I G H  DEPOSITION CASES I N  THE FOU!? 3IvIS!nr!S 

239 H a n f o r d  Pu Workers 
D i v .  1 S t i l l  Employed , 167 w i t h  L 5% mpbb* Pu ~ 72 w i t h  )5% mpbb* Pu 

Male - Number and ( % )  160 (96 .4%)  71 (98.6%) 

Female - Number and ( % )  7 ( 3.6%) 1 ( 1 .42)  

Ave. Age ( a n d  range)  as o f  9-1-75 52 (29-69)  53 (32-65) 

Ave. Yrs .  ( a n d  range)  a t  R i s k  as 

Number o f  Nonwhi te  0 0 

Pu Workers 23 ( 4-31) 2 5  ( 1-31) 

116 Separa ted  Pu Employees i 

D i v .  2 Who were  Con tac ted  , 78 w i t h  5 5% mpbb 38 w i t h  i 5 %  mpbb 

Male - Number and ( % )  67 (85 .9%)  36 (94 .7%)  

Female - Number and ( % )  11 (14 .1%)  2 ( 5.3%) 

Ave. Age (and range)  as o f  9-1-75 57  (28-80)  59 (4'1-80) 
Ave. Y r s .  (and  range)  a t  R i s k  as 

Pu Workers 23 ( 4-28) 25 ( 2-39) 

Number o f  Nonwhi te  1 None r e c o r d e d  
-- . 

I 
63  Separa ted  Pu  Employees ldho j 

D i v .  3 Cou ld  Not  _!IC Contac ted  ** j 49 w i t h  c 5% mpbb 14 w i t h  15% mpbb 

Male - Number and ( % )  1 34 (69%)  12  (86%)  

Female - Number and ( Z )  ' 15 (31%)  2 (14%)  

Ave. Age (and  range)  as o f  9-1-75 51 (25-83)  60 (50-75)  
Ave. Y rs .  (and range)  a t  R i s k  as 

Pu Workers 9 ( 1 -24)  1 11 ( 2-22) 

0 I Number o f  Nonwhi te  I 0 

34 H a n f o r d  Pu Workers 
n i v .  .1 Who a r e  Dead , 25 w i t h  i 5% mpbb 9 w i t h  ~ 5 %  mpbb 

0- 

Male - Number and ( % )  , 22 (88%)  
I 

Female - Number and ( % )  3 (12%)  

Ave. Age (and range)  a t  Deatb I 57  (31-81)  

Ave. Yrs.(and range)  a t  R i s k  as 
Pu Workers 1 5  ( 2-27) 

9 (100%)  

O ( O % )  
60 (43-67)  

21 ( 4-28) 

Number o f  Nonwhi te  ! 0 0 

* 5% mpbb = 2 nC i  
* *Probab ly  1 i v i  ng  
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separated n o t  contacted g r o u p .  
women i n  the separated n o t  contacted g r o u p .  
name changes with marriage. The r a t i o  of the  t o t a l  number with 55% mpbb 
t o  those with :.5% mpbb was approximately 2 t o  1 in the two 'larger groups  
and 3 t o  1 i n  the  two smaller groups. 
these workers i s  s imi la r  s ince  they were d o i n g  the same type o f  work, 
receiving s imi l a r  s a l a r i e s  and  l i v ing  and working in the same loca t ion .  

There i s  a l so  a higher percentage of 
This was probably due t o  

The socioeconomic s t a t u s  o f  a l l  

Discussion o f  Health S ta tus  
of 167 Hanford Employed Pu  Workers w i t h l 2  nCi P u  

(Low Deposition Cases) Compared t o  t h a t  of 72 Workers 
with z 2 nCi Deposition of Pu (Higher Deposition Cases) 

Comparison of the low deposit ion cases ('-2 nCi P u )  with those with 

As shown in Table IV, t h ree  ( 3 )  employees w i t h  low deposi t ions a n d  
a higher deposi t ion ( 1 2  nCi P u )  gave the  following r e s u l t s :  

two ( 2 )  with higher deposi t ions had malignant disease.  
deposit ion cases were b o t h  of low seve r i ty  a n d  did not involve poten- 
t i a l l y  c r i t i c a l  organs. One of the  malignancy cases w i t h  low deposi- 
t ion was of g r e a t ,  one of moderate and one of low seve r i ty .  One o f  
g rea t  s eve r i ty  involved the  colon and  metastases had occurred while 
one o f  moderate seve r i ty  involved re t roper i tonea l  abdominal lymph 
nodes (lymphosarcoma from diaphragm t o  p e l v i s ) .  
considered a potent ia l  c r i t i c a l  o rgan .  Considering a l l  f a c t o r s ,  the 
higher deposi t ion cases fared b e t t e r .  

ease i n  the two groups as shown i n  Section B of Table IV. One measure 
of  t h i s  was the number with no disease which was expressed in actual 
numbers a n d  shown in parentheses as percent of the subgroup h a v i n g  no 
d isease .  Those w i t h  no d i sease  comprised 57% o f  the  cases w i t h 5 2  nCi 
and  47% of the  cases having deposi t  ons > 2  nCi  P u .  Incidence o f  some 
individual diseases  was exceptional For example, incidence of peptic 
ulcer  a n d  a r t h r i t i s  was 4 . 7  and 3 t mes as h i g h  respec t ive ly  in lower 
deposi t ions a s  compared w i t h  higher deposi t ion cases .  

The two higher 

The lymph gland i s  

There was l i t t l e  d i f fe rence  i n  the  t o t a l  incidence o f  other  d i s -  

Incidence of 
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coronary a r t e r y  disease was twice as great  in  the  higher deposit ion 
cases.  Numbers of individuals  with each d isease  were srnal 1 ,  however. 

Discussion of Blood Chemistry Tests 
Results of blood chemistry - SMA 12-60 t e s t s  a r e  shown in  Table V .  

Considering the  r e l a t i v e l y  small number o f  individuals  with abnormal 
f indings and the  var ie ty  of condi t ions which influence t h e  parameters 
of major i n t e r e s t  A l k .  Phos. and L D H ,  t he  values do n o t  appear t o  be 
unusual. In a separate  study t o  be reported l a t e r  t o t a l  serum a lka l ine  
phosphatase values a re  divided in to  those f o r  bone, l i v e r  and i n t e s t i n e  
while L D H  i s  divided in to  5 isoenzyme f r a c t i o n s .  

TABLE V 

RESULTS OF BLOOD CHEMISTRY TESTS 
IN 239 CURRENTLY EMPLOYED H A N F O R D  PLUTONIUM DEPOSITION CASES 

Number and Percentage o f  Number and Percentage of 
SMA-12-60 167 with Depositions 72 with Depositions 
?'= Elevated ;2 nCi (55% mpbb) ,>2 n C i  (75% mpbb) 

ts & = Depressed with Given Finding with Given Finding 
34 ( 5 . 6 % )  40 (0%) Alk. Phos. 111 ( 6 . 6 % )  3.1 ( 0 . 6 % )  

L DH ?-2 ( 1 . 2 % )  J2 ( 1 . 2 % )  ':3 ( 4 . 2 % )  J.0 (0%)  
S GOT ? 9  ( 5 . 4 % )  40  (0%)  ''7 (9 .8%)  40 ( 0 % )  
B U N  T 1  (0 .6%)  41 ( 0 . 6 % )  ?2 ( 7 . 8 % )  J O  (0%) 

/- 

Uric Acid T 4  ( 2 . 4 % )  $0 ( 0 % )  R 1  ( 1 . 4 % )  40 (0%) 

I n o r g .  Phos. r o (0%)  41 (0.6%) PO (0%)  40 ( 0 % )  
Cholesterol f 1 (0 .6%)  \LO (0%)  ?O (0%) 40 (0%) __ 

T B i l i  1\2 ( 1 . 2 % )  \lo ( 0 % )  f l  ( 1 . 4 % )  .Jo (0%) 

Discussion o f  Health o f  
Terminated L i v i n g  Deposition Cases 

As indicated in Table VI ,  s i x  ( 6 )  low deposit ion cases ( - 2  nCi) 
Pu  ( 7 . 7 % )  were suf fer ing  from m a l i g n a n t  d isease while none of t he  higher 
deposit ion cases ( ? Z  nCi) had  malignancy. There was l i t t l e  d i f fe rence  
in  the  number with no se r ious  d isease ;  64% of  t he  low deposit ion cases 
a n d  70% o f  t he  higher deposit ion cases reported no  ser ious d isease .  
Incidence o f  reported ischemic coronary disease was 5.1% in the  low 



- 20 - 

c 

m - m 
c 

r.-l m c? 
r- r- 7 

CCI - 
7 

z 
U 

w 
v, 
4 
W 
v, 
0 

LL 
0 
W 
0 z 
W 

H 

n 
H 

0 z 
U 

a J 

I 
W 
L 

r-- 
m 
U 

m 
L 
.r 

U 3 w v, 
c, 
m 

v) 
L 
m 
aJ > 

2 
5 
c 
.r 

aJ 
0 
S 
aJ 
L 
t - 
V 
aJ 
L 

0 
S 

I 

T7 
aJ 

___ _.-... n 

v) 
aJ 
v) 
a 
c, 
v) 
fd 

L 
a, + f d  
m O  



- 21  - I 

I (i 
r ! i  
L i  

' r, 
I -  

L c  c - -  I 

c; . __  .-- 

1 - -  

c 

Ln 

0 -  n. - 
a -  
m -  

d 
I 

f -- 
m 

m w 
0 6  
z v  

. c n  N 

. . . . . 

c m  
a J a ,  
0 0  
L O  
a J L  
a n  

I 
L 
rdcu 

wa, 
1 I m  
c , r d  

aJ 
o m  
c, .1- 

U 
U 
aJa, 
U S  
u o  
rd 

S 
c a  

h 
1 

0 
L 
c, 
L w 
a 
h 
I 
0 

c, 
rd 
c, 
m 
0 
L 

a 

.r 

a 

m 
a, 
m 
5 
a, 
cn 
c3 

L 
a, 
I: 
c, 
0 

.r- 



- 22 - 

d e p o s i t i o n  group.  

s c l e r o s i s  o f  e x t r e m i t i e s  o r  b r a i n  w h i l e  none o f  t h e  h i g h  d e p o s i t i o n  

cases had such t r o u b l e s .  F o r  s e r i o u s  a t h e r o s c l e r o s i s  f o r  a l l  o rgans  

t h e  i n c i d e n c e  was 7.9% f o r  h i g h  d e p o s i t i o n  cases and 10% f o r  low 
d e p o s i t i o n  cases. 

Summarizing: There  was l i t t l e  d i f f e r e n c e  i n  h e a l t h  o f  t h e  two 

groups  c o n s i d e r i n g  a l l  d i seases  o t h e r  t h a n  ma l ignancy .  However t h e  

i n c i d e n c e  o f  m a l i g n a n t  d i s e a s e  was c o n s p i c u o u s l y  l o w e r  i n  t e r m i n a t e d  

employees w i t h  t h e  h i g h e r  d e p o s i t i o n s .  

5.1% o f  t h e  l o w  d e p o s i t i o n  cases had s e r i o u s  a t h e r o -  

D i s c u s s i o n  o f  34 Deaths i n  Employees 
Who were P l u t o n i u m  Workers 

There  a r e  34 known dea ths  among t h e  452 H a n f o r d  Pu w o r k e r s  w i t h  any 

A d e t a i l e d  breakdown i s  g i v e n  i n  T a b l e  measurab le  p l u t o n i u m  d e p o s i t i o n .  

V I I .  
one m a l i g n a n t  neoplasm o f  t h e  b r a i n  i n  t h e  1-2 nCi Pu d e p o s i t i o n  group 

and one m a l i g n a n t  neoplasm o f  t h e  tongue and one m a l i g n a n t  neoplasm 

o f  t h e  bronchus and l u n g  i n  t h e  72 nCi Pu d e p o s i t i o n  group.  

mated dose f r o m  Pu t o  l u n g  i n  t h e  case o f  b ronchogen ic  carc inoma was 

one ( 1 )  r a d .  

There  were t h r e e  deaths  f r o m  m a l i g n a n t  d i s e a s e  i n  t h e  group,  w i t h  

The e s t i -  

The smoking h i s t o r y  i s  n o t  known i n  t h i s  group.  

I schemic  h e a r t  d i sease  w i t h  o r  w i t h o u t  i n f a r c t i o n  was t h e  most s i g -  

n i f i c a n t  cause o f  death ,  a c c o u n t i n g  f o r  18 o f  t h e  32 deaths  h a v i n g  known 

causes ( 5 6 % ) ,  w i t h  67% i n  t h e  h i g h  exposure  g roup  and 48% i n  t h e  l o w e r  

exposure  group.  The h i g h e r  exposure  group was s l i g h t l y  o l d e r  a t  dea th  

(61  y e a r s  ve rsus  57 y e a r s )  wh ich  wou ld  accoun t  f o r  some o f  t h i s  d i f f e r e n c e .  

The i n c i d e n c e  o f  dea ths  due t o  ma l ignancy  i n  32 dea ths ,  i n  wh ich  

cause i s  known ( 9 . 4 % ) ,  i s  l o w e r  t h a n  t h a t  expec ted  based upon t h a t  i n  

a 10% sample o f  causes o f  a l l  dea ths  i n  1974 i n  t h e  U n i t e d  S t a t e s  

(1lonthl .y V i t a l  S t a t i s t i c s  Renor t ,  1 9 7 5 ) .  The i n c i d e n c e  

o f  d e a t h  due t o  ma l ignancy  was even l o w e r  i n  t h e  l o w e r  d e p o s i t i o n  cases 

where t h e  i n c i d e n c e  was 4.3%. U s i n g  a d i f f e r e n t  t y p e  o f  comparison, 

t h e  i n c i d e n c e  of known deaths  due t o  m a l i g n a n c y  i n  a l l  26,946 ma le  

Hanford employees o t h e r  t h a n  t h o s e  w i t h  Pu d e p o s i t i o n s ,  1944 t h r o u g h  
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t he  
1 ow 
s t r  
was 

deposi t ion group as i t  i s  in the higher deposi t ion group.  
k i n g  i s  the  f a c t  t h a t  the seve r i ty  in 7 o f  the  9 low depos 
grea t  o r  medium, while t h a t  in the  higher deposi t ion cases 

The number of deaths ( 3 4 )  i s  small so t h a t  the  number of 
nancies as cause of death would have t o  be very h i g h  i n  one or 

1974, omitt ing employees with known Pu deposit ion was 2.43% (654 deaths 
due t o  cancer ) .  The incidence of mal ignancy in  409 mal e employees w i t h  
deposi t ions f o r  the  same period was 3/409=.7304. 

Among the 32 known causes of death in 452 deposit ion cases ,  9 (28%) 
The 133 deposit ion cases w i t h  

. 

occurred in cases w i t h > 2  nCi deposi t ion.  
i 2  n C i  represent  - 133 - - 29.4% of the  t o t a l  group. 
death as  compared with the  g r o u p  with.52 nCi  i s  s l i g h t l y  l e s s  t h a n  
expected. 

unusual causes of death were noted. 

So the  incidence o f  452 

Except f o r  one case of amyotrophic l a t e r a l  s c l e r o s i s ,  no r e a l l y  

Discussion of Malignant Disease in Present ly  Employed, 
Terminated and Deceased P u  Deposition Cases 

See Table VI11 
When the l i v ing  Pu deposi t ion cases a re  consolidated in to  one group 

incidence o f  malignant disease i s  found t o  be twice as h i g h  i n  the  
More 
t i o n  cases 
was a l l  low. 
mal i g -  
b o t h  

This was n o t  the case.  of the  comparison groups t o  be s i g n i f i c a n t .  
I n  f a c t  the  t o t a l ,  th ree  deaths due t o  malignancy i n  32 deaths in which 
cause of death i s  known ( 9 . 4 % )  i s  lower t h a n  might be expected. Malig- 
nancy as a cause o f  death in a 10% sample o f  causes of a l l  deaths i n  
1974 i n  t he  United S ta t e s  was 18.5% - unadjusted f o r  age and sex (Monthly 
Vital S t a t i s t i c s  Report 1 9 7 5 ) .  
mal ignancy which i s  t oo  few t o  place much c red ib i l  i t y  on a comparison 
of the l o w  and higher deposi t ion cases .  

There were only three  deaths due t o  

PART I 1  OF STUDY - OTHER COMPARISON GROUPS 
The present s tudy  has been l imited t o  a comparison of present 

heal th  and  mor ta l i ty  of 452 Hanford deposit ion cases .  Those w i t h  
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S e v e r i t y  o f  M a l i g n a n t  D isease 

L i t t l e  

TABLE V I11  

(OTHER THAN S K I N  CANCER) I N  ALL CONTACTED (789)  
I N C I D E N C E  AND S E V E R I T Y  O F  MALIGNANT DISEASE 

HANFORD EMPLOYEES WHO HAVE A DEPOSITION OF PLUTONIUM 

167 w i t h  5 5 %  rnpbb 72 w i t h  2 5 %  rnpbb* 

1 2 

S e v e r i t y  

L i t t l e  

Medi urn 

Grea t  

Grea t  

78 w i t h  5 5% mpbb* 1 38 w i t h  >5% mpbb* 

1 0 
2 0 
3 0 

I 

S u b t o t a l  6 (7 .7%)  0 (0%)  

1 

S u b t o t a l  3 ( 1 . 8 % )  I - -  2 ( 2 . 8 % )  

23 w i t h  5 5% mpbb* 9 w i t h  75% mpbb* 



- 26 - 

deposi t ions of Pu  j 2  nCi a r e  compared t o  those with deposi t ions .,\2 nCi. 
There remain for study some 1900 Hanford P u  workers who have no  pos i t i ve  
evidence of depos i t ion .  A continuing study wi l l  i d e n t i f y  more o f  these .  
Other comparison groups may be ( 1 )  Hanford workers never exposed t o  
P u  ( 2 )  brothers  o f  male workers having Pu deposi t ions or s i s t e r s  o f  

female workers having Pu  deposi t ions.  
the E R D A  Health and Mortal i ty  Study (Mancuso T . F .  and Sanders B .S . ,  
1975).  
t i on  taken from the  soc ia l  s e c u r i t y  l i s t .  These comparative s tud ie s  
wi l l  depend upon f indings and recommendations of epidemiological con- 
sul t a n t s .  

These have been i d e n t i f i e d  i n  

Another comparison may be with 1% of  the  U. S .  work ing  popula- 

DISCUSSION 
W i t h  t he  expected g rea t e r  use o f  Pu a s  a fuel i n  the breeder reac- 

t o r ,  t he re  i s  considerable  i n t e r e s t  i n  the hazard of  plutonium t o  the  
general publ ic .  
population c l a s s  which should have the g r e a t e s t  opportuni ty  t o  be 
a f f ec t ed  by plutonium. 
case i n  th is  study (400 n C i )  i s  200 times the  highest i n  the low depo- 
s i t i o n  cases ( 2  n C i )  and 1000 times the  highest  observed i n  autopsy 
s tud ie s  o f  the  general population ( '3 .4  n C i ) *  t o  our knowledge. 
l i n e a r i t y  in  the  dose response curve,  the r e s u l t s  of  t h i s  study should 
be reassuring t o  the general publ ic  who have been to ld  by a few sources 
t h a t  a very subs t an t i a l  increase i n  cancer might be expected from P u  
i n  f a l l o u t  from atomic bomb t e s t i n g .  Special emphasis has been placed 
on the incidence and seve r i ty  of malignant d i sease  i n  deposi t ion cases ,  
s ince  t h i s  has been the major f inding i n  l abora tory  animals. 
a l l  types of i l l n e s s  were considered. 

The study group i n  t h e  report comprises a s p e c i f i c  

I t  i s  noteworthy t h a t  the highest  deposi t ion 

Assuming 

However, 

T h i s  s tudy wil l  serve t o  emphasize the  d i f f i c u l t y  of evaluat ing 
morbidity and i n  loca t ing  separated employees and the importance o f  
s t a r t i n g  such s tud ie s  ea r ly .  

*Ira1 C .  Nelson, B a t t e l l e  Pac i f i c  Northwest Laborator ies ,  
personal communication. 
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I t  was not s p e c i f i c a l l y  reported,  b u t  comparison of dose t o  organs 
due t o  accumulated external  rad ia t ion  with t h a t  due t o  in t e rna l  P u  
deposi t ion shows t h a t  t he  former adds r e l a t i v e l y  l i t t l e  t o  t h e  t o t a l  
dose t o  re levant  organs i n  most cases .  

I t  i s  expected t h a t  following review by epidemiologists and sug-  
gested improvement o f  t h i s  rapidly executed r epor t ,  i t  may serve as a 
p i l o t  f o r  the s tudy covering a l l  major ERDA pro jec ts  where unencapsulated 
P u  i s  handled. 
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11. S .  TRANSURANIUM REGISTRY WORKSHOP 
Hi 1 t o n  I n n  A i rpo r t ,  Denver, Colorado 

February 2 7 ,  1975 

PRESENT 

FOR PHYSICIANS Chairman - S .  Marks ( E R D A )  

Fuqua, P. A .  , Hanford Environmental Health Foundation 
Hempelmann, L .  H .  , University of Rochester 
Hutchison, G .  B . ,  Harvard 
Lincoln,  T .  A . ,  Oak Ridge National Labordtory 
Lushbaugh, C .  C . ,  Oak Ridge National Laboratory 
Mi l l e r ,  B .  L. ,  J r . ,  Rocky F la t s  
Marks, S . ,  Division o f  Biomedical 8 Environmental Research (ERDA)  
Norwood, W .  D . ,  U. S.  Transuranium Registry 
Poda, G .  A . ,  Savannah River 
Pu tz i e r ,  E .  A . ,  Rocky F la t s  
Reagan, E .  J .  , Mound Laboratory 
S t e r n e r ,  J .  H . ,  USTR Advis0r.y Committee 
Thompson, R .  C . ,  B a t t e l l e  Nortt!west 
Voelz, G .  L . ,  Los Alamos S c i e n t i f i c  Laboratory 
Idachholz, B .  L .  , Division o f  Biomedical & Environmental Research ( E R D A )  

USTR PURPOSE 
A N D  OPERATION chairman, Dr. Marks, and discussed by  o the r s  as fol lows.  The 

The qeneral purpose and operation of the USTR was s t a t e d  by  the  

USTR i s  made u p  of transuranium workers, defined as workers who 
have a body deposi t ion as a r e s u l t  o f  occupational exposure or 
whose occupational a c t i v i t i e s  present  a reasonable opportuni ty  
t o  acquire  in t e rna l  deposi t ion of any of the transuranium elements. 
The USTR has e f f ec t ed  ( 1 )  i d e n t i f i c a t i o n  of these  workers, ( 2 )  co l -  
l ec t ion  of heal th  physics and medical information da ta  and ( 3 )  se-  
cured au tho r i ty  f o r  autopsy a n d  autopsies  on deceased transuranium 
workers* Ef fo r t  has been made t o  e n l i s t  cont rac tor  cooperation. 
Families have been a l e r t e d  t o  t h c  autopsy study and the procure- 
ment of autopsy t i s s u e  samples. The fami l ies  or  e s t a t e s  of t r ans -  
uranium workers have been compensated following ac tua l  autopsy and 
procurement of  autopsy t i s sue  samples. 
a t  B a t t e l l e  Northwest, Los Alamos or Rocky F la t s  Laboratories and 
re:ul t s  a r e  accuioulated b y  USTR. 

The samples a r e  assayed 

PARTICIPATING I t  was eniphasized t h a t  thl: USTR i s  a combination o f  pa r t i c ipa t ing  
GROUPS MAKE groups,  t h a t  cach q r o u p  makes i t s  own study and publishes i t s  own 
UP USTR r e s u l t s .  The USTR r e spons ib i l i t y  i s  f o r  the over -a l l  co l l ec t ion  

and evaluat ion of  the data secured f ro#  a l l  groups. This pcrmits 
the pooling of autopsy t i s sue  samples f o r  more d e f i n i t i v e  assay;  
f o r  example, a study of the locat ion o f  plutoniuir i n  bone. I t  a l s o  
e f f e c t s  some necessary uniformity in  the procedures of t he  cooperating 
l abora to r j e s .  One Los Alamos case was c i t e d  t o  i l l u s t r a t e  t h a t  f i n a l  
assay r e s u l t s  may be h e l d  u p  in order  t o  make plutonium lung d i s t r i -  
b u t i o n  a n d  lymph node s tud ie s .  I t  was agreed t h a t  t i s s u e  banking 
can he hiqhly des i r ab le .  
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"_ BROADEN I NG 
USTR S C O P E  

The chairman described the USTR discussions with the B a t t e l l e  
Bioloqy Laboratory f o r  e f f ec t ing  spec ia l  s tud ie s  on USTR human 
autopsy material  and da ta .  He then s t a t e d  t h a t  the o the r  d i -  
rect ion f o r  broadening the USTR scope i s  epidemiology. 
usual cancer incidence expected i n  the  population was discussed 
a n d  s t a t e d  t o  be about one-third of a l l  deaths .  Dr. L u s h h a u g h  
emphasized t h a t ,  when a person d ies  of  cancer ,  fami l ies  of  the 
deceased a re  more in t e re s t ed  i n  h a v i n g  an autopsy performed 
than i f  the person dies of a l e s s  i n t e r e s t i n g  d isease  such as  
c i r r h o s i s  of the  l i v e r .  The occurrence o f  cancer i n  TU workers 
and the r e l a t ionsh ip  t o  plutonium deposi t ion was discussed.  

The 

THE PLANNED 
E P I D E M I O L O G Y  
STUDY 

Autopsy s tud ie s  do n o t  answer questions about incidence.  
dence of mor ta l i ty  i n  autopsied ind iv idua ls  should n o t  be com- 
pared w i t h  incidence i n  nondutopsied cases due t o  the bias  
occasioned by se l ec t ion  o f  autopsy cases .  
epidemiology study with follow-up i s  now planned, and i t  i s  
believed t h a t  the c l imate  i s  now strong enough  f o r  support  a t  
a l l  management l e v e l s .  L A S L  i s  a l i k e l y  candidate t o  serve 
under the Registry semi-autonomously a s  the  coordinat ing center  
o f  the  epidemiology s tudy.  
a well defined population. The cont rac tors  have good records 
w i t h  hea l th  physics da ta .  

Inc i -  

A ca re fu l ly  conceived 

A good epidemiology study requi res  

Dr. Norwood s t a t e d  t h a t  he believed t h a t  the bes t  epidemiology 
study i s  done w i t h  a l l  the  population a t  r i s k .  Dr. Marks s t a t e d  
t h a t  he d i d  n o t  agree in  t h a t  smaller  groups can be defined 
which wi l l  be adequate f o r  a good s tudy.  There must be cont ro ls  
which can be a va r i e ty  of well defined groups .  

C H E M I C A L  
EXPOSURES 

DEFINITION 
OF C L A S S E S  
OF WORKERS 

Quest ions were ra i sed  about other hazards involved such as 
neutron r ad ia t ion ,  solvents  such as carbon t e t r a c h l o r i d e ,  and 
other chemicals a n d  as t o  whethcr da t a  w i l l  be qood f o r  human 
chemical exposur 
general l y  there  
posures. 

Dr. Marks s t a t e d  
f ined .  They a re  
workers ( n o t  r e t  

s .  
s l i t t l e  or no quant i f ied  data on these  ex- 

I t  was pointed o u t  by Dr. S te rne r  t h a t  

t h a t  a few c l a s ses  of workers can be well de- 
( 1 )  a c t i v e  workers ( e a s i e s t ) ,  ( 2 )  separated 
r e e s ) ,  ( 3 )  r e t i r e e s  a n d  ( 4 )  deceased workers. 

A good epidemiology study e s t ab l i shes  the incidence of disease 
and length of l i f e  from morbidity a n d  death d a t a ,  a n d  the study 
population must be f u l l y  tracked down. 
w i t h  a study population o f  a few thousand. One i s  better o f f  
w o r k i n g  w i t h  smal ler  well defined g r o u p s  than la rge  poorly 
defined populations.  (Attachments I and 11) 

A good s tudy can be done 
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THE IMPORTANCE 
OF H I G H  Y I E L D  
O N  FOLLOW-UP 

Dr. Hutchison emphasized the importance of  high y i e l d  on fol  ow- 
u p .  
bother with the population g r o u p .  I t  appears t h a t  i n  th is  s t- 
uation you wi l l  ge t  90% a t  l e a s t .  Dr. S terner  asked whether one 
would add s i g n i f i c a n t  deposi t ion cases t o  the  study groups. Dr. 

. Hutchison s t a t e d  t h a t  he would not ,  t h a t  this addi t ion  would 
r e s u l t  in b i a s .  Original employment l i s t s  should be obtained as  
the  base. The r e l i a b i l i t y  o f  urine assay was questioned by Drs. 
Voelz and Hempelmann. 
advance t h a t  you can g e t  more than 60%. 
t h a t  in the present  proposed study we have qood information. 
Dr. Lushbaugh disagreed while Dr. Marks supported Dr. Hutchison's 
content ion.  

One should g o  a f t e r  100%. I f  you c a n ' t  g e t  60%, do n o t  

Dr. Lushbaugh asked how you p red ic t  in  
Dr. Hutchison s t a t e d  

F U N D I N G  O F  
EPIDEMIOLOGY Dr. Norwood. He indicated t h a t  a prospect ive r a t h e r  than a 
STUDY 

The question of s u f f i c i e n t  funding f o r  the  study was ra i sed  by 

r e t rospec t ive  study would be expected t o  cos t  l e s s .  Dr. Marks 
s t a t e d  t h a t  ERDA was expected t o  fund the study and t h a t  we can- 
n o t  wai t  f o r  a prospective s tudy.  
were discussed,  and Dr. Hempelrnann s t a t e d  t h a t  he located 76% of 
cases w i t h o u t  much e f f o r t  a t  Los Alamos. Dr. Wachholz ra i sed  
the question of the a v a i l a b i l i t y  of information on how body 
burdens were received. He was assured t h a t  such information was 
sometimes a v a i l a b l e ,  b u t  i t  was agreed t h a t  i n  some cases t h i s  
information i s  n o t  k n o w n  and i s  n o t  ob ta inable .  

Questions about r e l a t i v e  cos ts  

A P P R O A C H E S  FOR 
EPIDEMIOLOGY by Dr. Marks as . fo l  lows: 
STUDY 

Desirable approaches f o r  an epidemiology study were summarized 

1 .  Mortal i ty  
( a )  Cause of death obtained 
( b )  Social Secur i ty  processing 

2 .  Morbidity 
( a )  Data ava i l ab le  from personnel f i l e s  of a c t i v e  workers 

( b )  Have c l i n i c a l  and heal th  physics examination (p lu-  
t o n i u m  body burden from urine a n a l y s i s ) .  

CONTROL A t  t h i s  po in t ,  a general discussion of des i rab le  control  groups 
GROUPS began. The f i r s t  g r o u p  considered were s i b l i n g s  o f  the same sex.  

Also,  a1 1 einployees other t h a n  TU workers, s t a t e  populations , 
app l i can t s  medically c leared for  employment b u t  who never s t a r t e d  
t o  work and a f r ac t ion  of the  national population were mentioned. 
I n  answer t o  Dr. ILushbaugh about persons who do n o t  have brothers  
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C L I N I C A L  
EXAMINATION 

USE OF 
Q U E S T I O N N A I R E  
IN L I E U  OF 
C L  I N I CAL 
EXAM1 N,?T ION 

LASL 
PLUTONIUM 
WORKER STUDY 

and s i s t e r s ,  Dr. Hutchison rep l ied  t h a t  t h i s  s i t u a t i o n  would c u t  
down the s i z e  .of the group b u t  t h a t  he would not worry about 
in te rna l  bias  s ince  t h i s  would be a small group. He a l s o  s a i d  
t h a t  the Mancuso Study ( E R D A  Health Study) looked a t  t h i s  s i t u -  
a t ion  b o t h  ways, leaving t h i s  g r o u p  i n  and o u t .  
t h a t  t h i s  planned epidemiology study wi l l  not use s i b l i n g s  f o r  
cont ro ls  b u t  w i l l  probably use o ther  p lan t  employees. He a l s o  
s t a t e d  t h a t  i t  i s  hoped t o  have Mancuso Health Study data  even- 
t u a l l y  from a l l  major p lan ts  prospect ively.  Discussion o f  
methods of c l i n i c a l  follow-up and the value of obtaining heal th  
ph,ysics data continued. 

Dr. Marks concluded t h a t  cont ro ls  should be matched f o r  mor ta l i ty  
ana lys i s  and ra i sed  the  quest ions o f  what t o  do f o r  c l i n i c a l  
follow-up and the f e a s i b i l i t y  o f  matchina in  view of oo ten t i a l  

Dr. Marks s t a t e d  

d i f f i c u l t i e s  i n  obtaining c l i n  
deposi t ions.  The use of v i t a l  
was t h o u g h t  t o  be of l i t t l e  o r  
f o r  follow-up was discussed.  

Dr. Marks concluded t h a t  an ep 
t h a t  i t  should include morbidi 

ca l  examiGations of pekons without 
s t a t i s t i c s  incidence information 
no value.  The use o f  a quest ionnaire  

demiology study i s  necessary and 
y da ta .  

Dr. Hutchison discussed the use of a quest ionnaire  a s  the most 
e f f e c t i v e  and bes t  f o r  use w i t h  separated personnel rath(3r than 
c l i n i c a l  examination. Dr. Hempelmann described mail surveys a s  
inexpensive and s a i d  t h a t  he had obtained a good response i n  Los 
Alamos case follow-up. 
g r e a t  silccess w i t h  follow-up telephone c a l l s  ca r r i ed  o u t  by 
medical s tudents .  Dr. Lincoln ra i sed  the  question of remunera- 
t i o n  fo r  f i l l i n g  o u t  ques t ionnai res .  The consensus appeared t o  
be t h a t  t h i s  was not  necessary.  
y o u  concentrate  on small numbers of workers w i t h  expanded c l i n i c a l  
examination you c r e a t e  u n j u s t i f i a b l e  l i a b i l i t i e s  and t h a t  expanded 
uses o f  quest ionnaires  could s i g n i f i c a n t l y  decrease t h i s  po ten t ia l  
and g rea t ly  reduce cos t s  incurred.  

I f  there  i s  n o  response,  he has found 

Dr. Norwood cautioned t h a t  when 

Dr. Voelz concluded the  morning session for physicians w i t h  a 
cu r ren t  summary (Attachment 111) of the c l i n i c a l  follow-up of 
LASL separated employees who h a v e  transuranium element burdens. 
He s t a t e d  t h a t ,  of 26 repor ted ,  there  has been one addi t iona l  
death recent ly .  Attempts a r e  being made t o  expand the s tudy.  
Nearly 200 o f  260 persons have been loca ted .  They have 4 people 
with tumors, two are  terminal and  a r e  expected t o  die  w i t h i n  a 
year .  I n  11 cases who a r e  deceased there  have been no malignancies.  
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REPRINTS Dr. Marks provided reprints t o  a l l  a t tendees a s  fol lows:  
( 1 )  "Basic Considerations in  the Assessment of the  Cancer 
Risks a n d  Standards f o r  In te rna l  Alpha Emitters" by Edward A .  
Martell (s ta tement  presented a t  the publ ic  hearings on plu- 
tonium standards sponsored by E P A ,  Denver, Colorado, January 10, 
1975 and ( 2 )  Plutonium (11) "Watching and Waiting f o r  Adverse 
Effects"  b y  Robert Gil l e t t e  , Science , Vol . 185, September 1974. 
See Attachment V f o r  ( 2 ) .  Dr. M a r t e l l ' s  a r t i c l e  i s  long and 
wi l l  be s e n t  on reques t .  

This concluded the morn ing  session f o r  physicians.  
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FOR HEALTH PHYSICISTS Chairman - C .  E .  Newton (USTR) 

PRESENT A u x i e r ,  J .  A., Oak R idge N a t i o n a l  L a b o r a t o r y  
B i s l i n e ,  R . ,  Rocky F l a t s  
Campbel l ,  Char les  , ERDA 
C r a i n ,  Sue, Moijnd L a b o r a t o r y  
L a g e r q u i s t ,  C .  R . ,  Rocky F l a t s  
Lawrence , J .  N. P. ,  Los Alamos S c i e n t i f i c  L a b o r a t o r y  
Mc In roy ,  J .  F . ,  Los Alamos S c i e n t i f i c  L a b o r a t o r y  
Newton, C .  E . ,  H a n f o r d  
Walke, Pa t ,  Savannah R i v e r  P l a n t  

PROCUREMENT F o l l o w i n g  a g e n e r a l  i n t r o d u c t i o n  and r e v i e w  o f  t h e  a t t a c h e d  
AND TISSUE agenda o f  t h e  one-day USTR workshop, M r .  L a g e r q u i s t  c e n t e r e d  
SAMPLE a t t e n t i o n  on procurement  o f  au topsy  t i s s u e  samples.  He p o i n t e d  
PREPARATION o u t  t h a t  t h e y  had m o d e r a t e l y  good success i n  o b t a i n i n g  p r e - d e a t h  

.au topsy  r e l e a s e s .  O f  a b o u t  1500 employees i n t e r v i e w e d  t h e y  had 
o b t a i n e d  156 s ignups ,  o r  abou t  10%. I n  s p i t e  o f  t h i s  success 

, he n o t e d  t h a t  o f  t h e i r  30 r e c e n t  au topsy  cases o n l y  one r e s u l t e d  
f r , j m  a p r e - d e a t h  r e l e a s e .  He no ted ,  however,  t h a t  t h e  degree 
of  success i n  o b t a i n i n g  t h e  t i s s u e s  a t  au topsy  r e l i e d  h e a v i l y  
upon t h e  i n t e r e s t  shown by  t h e  p l a n t  p e r s o n n e l ,  p a r t i c u l a r l y  
t h e  p l a n t  p h y s i c i a n  and h e a l t h  p h y s i c i s t .  A d d i t i o n a l l y ,  t h e  
money p a i d  t h e  n e x t  o f  k i n  ($350.00) appears t o  be o f  g r e a t  
i n t e r e s t  and p l a y s  a more i m p o r t a n t  p a r t  t han  t h e y  i n i t i a l l y  
r e a l i z e d .  There  a r e  two a d d i t i o n a l  a r e a s  t h a t  h e l p  them i n  
s e c u r i n g  t h e  r e l e a s e  and t h e s e  a r e  t h e  i n t e r a c t i o n  o f  t h e  
employees w i t h  t h e  p l a n t  pe rsonne l  depar tmen t  wh ich  p r o v i d e s  
t i m e l y  n o t i c e  o f  t h e  employee 's  dea th .  G e n e r a l l y  t h i s  d e p a r t -  
ment i s  n o t i f i e d  a l m o s t  i m m e d i a t e l y  because o f  re imbursements  
r e g a r d i n g  i n s u r a n c e  and p a s t  wages. The o t h e r  p o i n t  was t h a t  
t h e  USTR, a c t i n g  as a t h i r d  p a r t y ,  h e l p s  i n  t h e  i n t e r v i e w  w i t h  
t h e  n e x t  o f  k i n  i n  o b t a i n i n g  t h e  r e l e a s e  as t h e  USTR i s  r e p r e -  
s e n t e d  as n a t i o n a l  i n  scope and t h e  c o o p e r a t i o n  i s  n o t  j u s t  f o r  
t h e  b e n e f i t  of  Rocky F l a t s  o r  t h e  immedia te  l o c a l e .  

I n  a d d i t i o n  t o  t h e  fo rms used and p r e d e s c r i b e d  by t h e  R e g i s t r ~ y ,  
Rocky F l a t s  has i n t r o d u c e d  a f o r m  s u b m i t t e d  t o  t h e  n e x t  o f  k i n  
f o r  s i g n a t u r e  wh ich  n o t  o n l y  d e s c r i b e s  t h e  s p e c i f i c  o rgans  t h a t  
t h e y  a r e  i n t e r e s t e d  i n  b u t  i n f o r m s  t h e  n e x t  o f  k i n  t h a t  t h e y  
i n t e n d  t o  t a k e  e n t i r e  o rgans  such as l u n g ,  l i v e r  and h e a r t .  
They have a l s o  f o u n d  t h a t  i t  i s  an advantage t o  have p r e p a r e d  a 
b r i e f c a s e  c o n t a i n i n g  a l l  o f  t h e  s u p p l i e s  necessary  t o  l a b e l  and 
package t h e  t i s s u e  samples and l i t e r a t u r e  d e s c r i b i n g  t h e  s i z e  
and l i s t  o f  t i s s u e s  d e s i r e d  f o r  t h e  use o f  t h e  p a t h o l o g i s t .  I f  
t h e  organ samples a r e  n o t  t o  be a n a l y z e d  i m m e d i a t e l y ,  f o r  example, 
i f  o b t a i n e d  on F r i d a y  even ing ,  t h e  samples a r e  then  q u i c k  f r o z e n ,  
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except f o r  the lungs,  un t i l  such time as personnel a r e  ready t o  
begin the laboratory analyses .  The lungs a re  n o t  frozen b u t  
perfused and s tored  in formaldehyde. 
there  i s  some question i n  the  minds of the personnel a t  Rocky 
F la t s  t h a t  1,ymph node separat ion i s  s u f f i c i e n t l y  complete and they 
a re  uncertain as t o  the r e l i a b i l i t y  o f  data based on the separa- 
t i o n .  Mr. Lagerquist  displayed a number of s l i d e s  f o r  the 
purpose of showing the g r e a t  v a r i a b i l i t y  i n  the d i s t r i b u t i o n  of 
plutonium in  the t i s s u c  samples t h a t  have been processed so f a r .  
I t  was qu i t e  evident from the s l i d e s ,  t h a t  almost any major 
o r g a n  can be the preferred s i t e  o f  depos i t ion ,  depending upon 
tile vas t  number of var iab les  assoc ia ted  with the deposi t ion cases .  

When the  lung i s  processed 

TISSUE 
ANALYSIS 

The sub jec t  of t i s s u e  ana lys i s  was discussed by Mr. McInroy of 
Los Alamos a n d  he indicated t h a t  they a r e  placing more and more 
emphasis on looking a t  P u  238 as well as  P u  239 and suggested 
t h a t  perhaps other cont rac tors  should a l so  look a t  t h i s  isotope 
more c lose ly .  I n  the laboratory he discussed the use of P u  242 
as  an in t e rna l  spike t o  determine the e f f i c i ency  of P u  recovery 
from autopsy specimens. Plutonium 242 was judged super ior  t o  
P u  236 t r a c e r ,  s ince  the lower energy p o r t i o n  of t he  Pu  236 
spectrum complicated evaluat ion of the lower energy isotopes 
of plutonium. Plutonium 242 havinq an alpha enerqy lower than 
e i t h e r  P u  239 or P u  238 d i d  no 
ana lys i s  o f  these  i so topes .  

The matter  of e s t ab l i sh ing  the 
discussed and a s  i s  we11 known 
not  normally r e f l e c t  t k  norma 
b i l  i t v  o f  e s t ab l i  shinq a bas i s  

i n t e r f e r e ’  w i t h  thr;- spectrometer 

weight of t h E  organs sampled was 

of usinq the d r y  weight was ex- 

t h e  lung weight a t  death does 
weight of the lung a n d  the possi-  

ploreld. 
or may not ash the sample t o  complete dryness and thus d i f f i c u l t i e s  
would be encountered in t ry ing  t o  use t h i s  approach. I t  was no ted  
t h a t  the various l abora to r i e s  have s tored  the t i s s u e s  as formalin 
f ixed  and frozen t i s s u e  specimens, a1 t h o u g h  cu r ren t ly  LASL p refers  
the formalin f ixed  procedure as the  anatomical r e l a t ionsh ips  in 
t h z  t i s s u e  are not destroyed.  Addit ional ly  when samples of the 
e n t i r e  lung a r e  obtained i t  i s  possible  t o  i n f l a t e  the lungs 
and examine them i n  a l u n g  counter f o r  a determination o f  the P u  
content  p r i o r  t o  laboratory procedures. A subjec t  o f  p a r t i c u l a r  
i n t e r e s t  t o  the USTR was possible  procedures t o  separa te  bone 
marrow from the bone and LASL ind ica ted  t h a t  they d i d  n o t  d o  t h i s  
and t h a t  if  they were t o  attempt i t  they would  probably need 
l a r g e r  bone specimens, probably from other  anatomical loca t ions  
than the r i b ,  ver tebrae and sternum t h a t  they a r e  now g e t t i n g .  
This b r o u g h t  u p  the discussion o f  the homogeneity o f  the  P u  d i s -  
t r i b u t i o n  i n  the various samples and bone and lung remain the 
organs which a re  suspected t o  have the most heterogeneous d i s t r i -  
but ion.  

I t  was noted; however, t h a t  th? varioks l abora to r i e s  may 

The d i s t r i b u t i o n  in  human  bone has riot  been pursued by 
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LASL, a l t h o u g h  they  have had some i n t e r a c t i o n  w i t h  D r .  Jee, as 
has Han fo rd .  
be happy t o  accep t  t h e  bone samples f o r  t h e  R e g i s t r y  and work w i t h  
D r .  Jee i n  o b t a i n i n g  spec t rum and f l u x  necessa ry  t o  o b t a i n  t h e  
f i s s i o n  t r a c k s  necessary  f o r  a n a l y s e s .  

D r .  A u x i e r  of Oak R idge i n d i c a t e d  t h a t  he would 

ESTIMATES OF I n  a d d i t i o n  t o  t h e  m a t e r i a l  t h a t  f o l l o w s ,  wh ich  was p r e s e n t e d  by 
ORGAN DOSE D r .  A u x i e r ,  he p r e s e n t e d  t o  t h e  group a d r a f t  o f  "Comments on 

Dos ime t ry  o f  P l u t o n i u m  f o r  t h e  Transuran ium R e g i s t r y  Workshop" 
p r e p a r e d  by ORNL H e a l t h  Phys i cs  D i v i s i o n .  T h i s  d r a f t  document 
r a t h e r  t h a n  a summary has been a t t a c h e d  f o r  t h e  conven ience o f  
t h o s e  i n t e r e s t e d  i n  t h e  d e t a i l s  o f  t h i s  s u b j e c t .  (A t tachmen t  I V )  

The preponderance o f  an ima l  r e s e a r c h  and human e x p e r i e n c e  has 
been w i t h  p l u t o n i u m .  T h e r e f o r e ,  use s h o u l d  be made o f  t h e  r e s u l t s  
f r o m  p l u t o n i u m  r e s e a r c h  t o  i n d i c a t e  t h e  i n f l u e n c e  o f  t h e  t i m e  f a c -  
t o r  on t h e  d i s t r i b u t i o n  o f  t r a n s u r a n i u m  e lements  i n  t h e  body and 
t h e  r e l a t i o n  between t h e  body burden and t r a n s u r a n i c s  i n  t h e  
u r i n e .  C h r o n i c ,  l o n g - t e r m  i n t a k e s  o f  t h e s e  e lements  w i l l  be 
t h r o u g h  i n h a l a t i o n  i n c i d e n t s .  S i n g l e  i n t a k e s  l e a d  t o  t r a n s -  
l o c a t i o n  and e x c r e t i o n  c o n f o r m i n g  t o  e s t a b l i s h e d  models.  ( a )  A 
s i n g l e  i n h a l a t i o n  g i v e s  c l e a r  r a t e s  d e s c r i b e d  by  t h e  Task Group 
Lung Model.  ( b )  The r a p i d ,  e a r l y  e x c r e t i o n  o f  i n h a l e d  s o l u b l e  
compounds has been c a l c u l a t e d  by  Beach and D o l p h i n ,  and Hea ly  
has m o d i f i e d  Langham's e q u a t i o n  t o  accoun t  f o r  t h e  s low  c l e a r a n c e  
of i n s o l u b l e  m a t e r i a l  f r o m  l u n g  t o  b l o o d .  H e i d  e t  a l . ,  have 
r e v i e w e d  t h e  p e r t u r b a t i o n  o f  c h e l a t i n g  agents  and conc lude  t h a t  
enhanced e x c r e t i o n  p e r s i s t s  f o r  as l o n g  as 100 days a f t e r  t e r m i n a -  
t i o n  o f  t r e a t m e n t .  

F o r  h i g h l y  s o l u b l e  m a t e r i a l s  wh ich  c l e a r  r a p i d l y  f r o m  t h e  l u n g ,  
m a j o r  d i f f e r e n c e s  i n  d i s t r i b u t i o n  and e f f e c t s  wou ld  n o t  be p r e -  
d i c t e d  f o r  a c u t e  and l o n g - t e r m ,  c h r o n i c  i n t a k e s .  Some d i f f e r e n c e  
i n  r a t i o s  o f  d e p o s i t i o n  i n  l i v e r  t o  bone m i g h t  be a r , i ; c i p a t e d  i n  
t h e  two cases because o f  t h e  s l o w e r  c l e a r a n c e  o f  t r a n s u r a n i c s  
f r o m  bone. 

Fo r  i n h a l a t i o n  o f  i n s o l u b l e  m a t e r i a l  , t h e  s low  c l e a r a n c e  f rom 
t h e  deep l u n g  c o u l d  l e a d  t o  d i f f e r e n c e s  i n  r e t a i n e d  m a t e r i a l  a t  
au topsy  i n  t h e  two cases o f  a c u t e  and c h r o n i c  exposure .  
h a l f - t i m e s  o f  500 days o r  g r e a t e r  a r e  suggested  i n  t h e  Task Group 
Lung Model.  Thus - ( a )  r a d i a t i o n  t o  t h e  l u n g  c o u l d  be d i f f e r e n t  
i n  t h e  t o o  modes o f  exposure  and ( b )  t h e  r a t i o s  o f  t r a n s u r a n i c  
c o n c e n t r a t i o n s  i n  l u n g  and l i v e r  t o  t h a t  i n  bone wou ld  be expec ted  
t o  d i f f e r  i n  c l l r o n i c  and a c u t e  exposures .  

C learance 

The i s o t o p i c  c o m p o s i t i o n  o f  t h e  t r a n s u r a n i c  depends on t h e  
m a t e r i a l s  , methods and c o n d i t i o n s  o f  p r e p a r a t i o n .  The e lements  
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in g r e a t e s t  abundance wil l  be those formed in  nuclear  reac tors  
by neutron reac t ions  w i t h  uranium isotopes and with the products 
of these  reac t ions .  For example, t he  plutonium formed i n - a  b r i e f  
reac tor  exposure of uranium reac tor  fue l  i s  99 weight % 239Pu; i n  
a n  exposure of 13,000 MWD/T 
I n  a heavy exposure (33,000 MWD/T) the 234Pu i s  down t o  56% while 
2 4 2 P u  has increased t o  5% 

i s  79% 239Pu 15% 24oPu and 1 %  242Pu. 

The modes of decay and half  
t ransuranics  d i f f e r  and wil 
of ana lys i s  and measurement. 
decav b y  alpha emission. A 

l i v e s  o f  the  various isotopes o f  the 
determine bioloqical  hazard and methods 
Most, b u t  not i l l ,  of the isotopes 

notable  exception is 241Pu, decaying 
by /3’eGss ibn  t o  make i t  considerably l e s s  hazardous than the o the r  
isotopes of P u .  The r e l a t i v e l y  sho r t  h a l f - l i f e  (13 y r . )  o f  t h i s  
i s o t o  e means t h a t  any plutonium containing an appreciable  f r a c t i o n  
of 24yPu wi l l  undergo i n g r o w t h  of 241Am t o  permit convenient detec-  
t i on  by means of the penet ra t ’ng  60 keV gamma ray o f  this radio- 
nucl i de.  

. 

The g r e a t  d i f fe rences  i n  s p e c i f i c  a c t i v i t y  ( h a l f - l i f e )  among the 
var ious isotopes mean t h a t  there  wi l l  be la rge  mass and concen- 
t r a t i o n  d i f fe rences  f o r  a given a c t i v i t y  administered or i n  an 
organ. 
ten t ion  d i f f e r  for 239Pu and the isotopes 237Pu and 238Pu. 
v ious ly ,  dose and body burden as a funct ion of time depend on h a l f -  
l i v e s .  Apparently the dependence of o r g a n  d i s t r i b u t i o n  on s p e c i f i c  
a c t i v i t y  r e s u l t s  from two f a c t o r s :  h i g h  ce l l  mor t a l i t y  and re- 
d i s t r i b u t i o n  w i t h  i sotopes of h i g h  s p e c i f i c  a c t i v i t y ,  a n d  concen- 
t r a t i o n  e f f e c t s  on r a t e s  o f  polymerization of so luble  compounds. 

Regardi n q  dependence of d i s t r i b u t i o n  on chemical sol  u b i  1 i ty  ( i  t 
i s  assumed “ s o l u b i l i t y “  f o r  the  USTR means s o l u b i l i t y  of ingested 
mater ia l s  and n o t  of autopsy samples) the l a t t e r  can be handled 
by appropriate  d i sso lu t ion  procedures for the  v a r i o u s  t i s s u e s  as 
described i n  1 iiboratory manual s of  s tandard ana ly t i ca l  methods. 
Soluble ac t in ide  compounis, e spec ia l ly  p l u t o n i u m ,  quickly hy ro- 
lyze i n  the neutral  (pH 7 ,  media of t h e  body and unless P u t t ,  the 
common form, i s  found i n  a complex, the hydrolyzed ion polymerizes 
t o  form suspended, co l lo ida l  par t - ic les .  Polymeric ac t in ides  
depos i t  l a rge ly  in  l iver  r a thz r  than bone; monomeric ( o r  d i sso lved)  
ac t in ides  depos i t  p r e f e r e n t i a l l y  i n  bone. The excre t ion  pa t te rns  
depend on t h i : ,  d i s t l - ibu t ion  between l i v e r  and bone.  Elimination 
from the  l i v e r  i s  pr imari ly  t h r o u g h  the b i l e  and g a s t r o i n t e s t i n a l  
t r a c t .  Elimination from bone and most s o f t  t i s s u e s  o the r  than 
l i v e r  i s  via blood t o  ur ine .  From the s tandpoint  of the USTR, i t  
i s  important t o  c o r r e l a t e  organ  d i s t r i b u t i o n  and  excre t ion  pa t te rns  
with chemical s o l u b i l i t y  o f  the ingested mater ia l .  

There a r e  ind ica t ions  t h a t  the  d i s t r i b u t i o n  and organ re- 
Ob- 

The Task Group L u n g  Model has c l a s s i f i e d  inhaled mater ia l s  on the 
bas i s  of c learance times as determined by s o l u b i l i t y .  Only highly 
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complexed a c t i n i d e  i o n s  (e .g .  , c i t r a t e ,  DTPA complex) remain  
s o l u b l e  enough i n  n e u t r a l  media t o  c l e a r  t h c  l u n g  w i t h i n  days 
(C lass  D). 
bonates  o f  t h e  a c t i n i d e  e lements  a r e  s u f f i c i e n t l y  s o l u b l e  t o  
c l e a r  w i t h i n  weeks (C lass  W ) .  The i n s o l u b l e  compounds, n o t a b l y  
i n c l u d i n g  t h e  o x i d e s  ( t h e  most common m a t e r i a l  i n  exposure  cases ) ,  
c l e a r  w i t h  h a l f - t i m e s  o f  t h e  o r d e r  o f  a y e a r  (C lass  Y ) .  

N i t r a t e s ,  c h l o r i d e s  and p r o b a b l y  s u l f a t e s  and  c a r -  

As i n d i c a t e d ,  complexed a c t i n i d e s  d i s t r i b u t e  i n  t h e  p a t t e r n  
c h a r a c t e r i s t i c  o f  "monomeric" i o n s ,  i . e .  , 75 - 90% s k e l e t a l .  The 
s o l u b l e  b u t  h y d r o l y z a b l e  compounds ( n i t r a t e s  , c h l o r i d e s  , carbon-  
a t e s ,  e t c . )  w i l l  e i t h e r  h y d r o l y z e  and p o l y m e r i z e  o r  w i l l  complex 
w i t h  t h e  blor,d p r o t e i n  t r a n s f e r r i n  if enough r e s e r v e  a c i d i t y  
accompanies t h e  a c t i n i d e .  Then, as above, p o l y m e r i c  t o  l i v e r ,  
compl exed monomeric t o  bone. 
i n  t h e  pulmonary r e g i o n  c l e a r  by  c e l l u l a r  e n g u l f m e n t  ( p h a g o c y t o s i s )  
p a r t  g o i n g  t o  lymph, p a r t  t o  b l o o d  and t h e  ba lance  up t h e  t r a c h e o -  
b r o n c h i a l  t r e e  t o  t h e  G I  t r a c t .  
and t h e  p a r t i t i o n  between process  p r o b a b l y  depends on p a r t i c l e  
s i z e  and r a d i o a c t i v i t y .  Here phagocy te  m o r t a l i t y  p l a y s  a p a r t  
and i s  i n f l u e n c e d  by  s p e c i f i c  a c t i v i t y  ( i s o t o p i c  c o m p o s i t i o n ) .  
O b v i o u s l y ,  f o r  t h e  common s i  t u a t j o n  o f  l o n g - t e r m  exposure  t o  
o x i d e  d u s t s ,  t h e  lymph nodes w i l l  be a m a j o r  r e p o s i t o r y  and as 
much as 70 - 30% o f  t h e  body burden has been r e p o r t e d  i n  t h e  
pu lmonary  lymph nodes. 

The i n s o l  u b l  e conipounds d e p o s i t e d  

These processes  a r e  s l o w  ( y e a r s )  

The complexed compounds ment ioned above w i l l  p e n e t r a t e  t h e  g u t  
w a l l  r e a d i l y  and w i l l  be l a r g e l y  d e p o s i t e d  i n  t h e  bone. The . 
s o l u b l e  b u t  h y d r o l y z a b l e  compounds w i  11 p o l y m e r i  ze. There w i  11 
be v e r y  l i t t l e  t r a n s p o r t  t h r o u g h  t h e  i n t e s t i n a l  l i n i n g .  The 
s m a l l  amount o f  p o l y m e r i c  a c t i n i d e  e n t e r i n g  t h e  b l o o d  s t rean i  
w i l l  d e p o s i t  p r e f e r e n t i a l l y  i n  t h e  l i v e r .  Oxides and o t h e r  i n -  
s o l u b l e  compounds ( h y d r o x i d e s  , c a r b i d e s  , e t c . )  w i l l  be e x c r e t e d  
w i t h  even l e s s  up take  than  w i t h  t h e  h y d r o l y z a b l e  compounds. How 
t h e  m a t e r i a l  p e n e t r a t i n g  t h e  g u t  w a l l  i s  d i s t r i b u t e d  i s  " s t i l l  
t h e  s u b j e c t  o f  deba te .  'I 

B e h a v i o r  o f  t h e  v a r i o u s  a c t i n i d e  compounds w i l l  f o l l o w  t h e  scheme 
l a i d  o u t  above f o r  wound i n j e c t i o n :  
v i a  b l o o d  t o  bone, ( b )  h y d r o l y z a b l e  compounds p o l y m e r i z e ,  a r e  
t r a n s p o r t e d  t o  lymph nodes and t o  l i v e r ,  t h e  d i s t r i b u t i o n  and 
r a t e s  depend ing  p r o b a b l y  on r e s e r v e  a c i d i t y  wh ich  r c t a r d s  h y d r o l y s i s .  
I n  any case, movement by 1 rn h i s  s l o w  and l i m i t e d  t o  n e a r b y  nodes. 

dependent on d i v i s i o n  between l i v e r  and s k e l e t o n .  Feca l  t o  u r i n e  
r a t i o  was changed b y  a f a c t o r  o f  two b y  d e c r e a s i n g  t h e  p o r e  s i z e  
t h r o u g h  wh ich  t h e  i n j e c t e d  c i t r a t e  was f i l t e r e d  from 0.45 um t o  0.22. 

( a )  complexed a c t i n i d e  i ons  

( c )  E x c r e t i o n  p a t t e r n s  o f  $47 Am i n  baboons have been f o u n d  h e a v i l y  
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In jec ted  oxides ,  metals or other insolubles  wi l l  be t ranspor ted  
t o  lymph nodes a t  slow r a t e s  depending on p a r t i c l e  s i z e .  
p a r t i c l e s  of appreciable  s i z e ,  there  wi l l  be no movement and the 
insoluble  mater ia l  w i l l  be enclosed i n  f ibrous s c a r  t i s s u e  which 
may become cancerous. 

For 

DATA Mr. K. R .  Heid discussed the following da ta  t h a t  would be useful 
CO L L E C T I ON f o r  e a r l y  assessment of probable s e v e r i t y  of an in t ake :  ( 1 )  con- 

cent ra t ion  of P u  ae roso l ,  ( 2 )  durat ion of exDosure, ( 3 )  nasal 
smears, ( 4 )  contamination spread ,  and ( 5 )  type o f  acc ident .  Data 
t h a t  would be d i r e c t l y  useful for evaluat ion of  in take  was d i s -  
cussed a s :  ( 1 )  bioassay d a t a ,  ( 2 )  in  vivo examination d a t a ,  
( 3 )  p a r t i c l e  s i z e ,  ( 4 )  i so top ic  composition, (5 )  chemical form 
of aerosol and ( 6 )  s o l u b i l i t y  of aerosol .  

I t  was pointed out  t h a t  there  was a lack of uniformity i n  prac- 
t i c e s  t o  the extent t h a t  comparison of  evaluat ion of intakes was 
quest ionable .  Standardizat ion i s  d e f i n i t e l y  needed i n  the follow- 
i n g  a reas  of heal th  physics eva lua t ions :  
b o t h  in the source o f  p a r t i c l e s  and i n  s i z ing  techniques.  
u b i l i t y :  In what mater ia l?  Over what time reference,  e t c .  
( 3 )  Chemical Form: Oxides - -  a r e  they high f i r e d ?  Air  oxidized 
or what? ( 4 )  Mathematical models t o  be used f o r  eva lua t ion .  
( 5 )  Dose ca l cu la t ions  t o  organs,  e t c .  

( 1 )  P a r t i c l e  S ize :  
( 2 )  Sol-  

I n p u t  from Hanford t o  the ERDA Health and Mortal i ty  Study was 
described including exposure t o  t o x i c  environments, medical ex- 
posure,  occupational r ad ia t ion  exposure (ex terna l  and i n t e r n a l ,  
including ca l cu la t ion  of dose t o  lungs,  l i v e r ,  b o n e ,  a n d  lymph 
n o d e ) .  I n  a l l  ca ses ,  raw data  should be co l lec ted  a n d  re ta ined  
i n d e f i n i t e l y .  

U i l  I FO RM I T Y 
IN DATA 

The need as mentioned above for assess ing ,  def ining and where 
possible  increasing the degree of uniformity among major ERDA 
cont rac tors  in  the  c o l l e c t i o n ,  processing and  analyses of  heal th  
physics data  was acknowledged by a l l  present .  Since s i g n i f i c a n t  
devia t ions  o r  i n t e r p r e t a t i o n s  wil l  have a se r ious  adverse e f f e c t  
on proposed or ongoing epidemiological s t u d i e s ,  Carlos Newton has 
been assigned the  r e spons ib i l i t y  of s e l e c t i n g  a panel of  contrac- 
tor heal th  phys i c i s t s  t o  meet soon t o  give a t t e n t i o n  t o  t h i s  mat ter .  
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FOR A L L  ATTENDEES Chairman - 14. D .  Norwood, M . D .  (IlSTR) 

PRESENT 

AUTOPSY AT 
ROCKY FLATS 

L A B O R A T O R Y  
ANALYSIS OF 
AUTOPSY 
TISSUE 
SAM P L E S 

HEALTH 
PHYSICS 
DATA 
COLLECTION 

Attendees of b o t h  physicician a n d  Health Ph,ysics sessions.  

The chairman for Health Phys ic i s t s ,  C .  E .  Newton, J r . ,  USTR, 
summarized the Health Physics meeting. 
F la t s  the majority of re leases  fo r  autopsy are  obtained a f t e r  
death.  Success i s  dependent on i n t e r e s t  o f  physician and his 
contac ts .  Money t o  next of kin has been a n  i m p o r t a n t  item. 
a TU worker dies  the personnel department i s  general ly  no t i f i ed  
and i s  a qoocl source of prompt information t h a t  death has occurred. 
The medical department uses a separa te  re lease  (o ther  than  pre- 
scr ibed by USTR) t o  descr ibe each sample and the  sample s i z e  taken 
f o r  autopsy. 

Autopsy t i s s u e  samples a re  assayed a t  th ree  d i f f e r e n t  labora tor ies  - 
Bat t e l l c  Northwest, Los Alamos a n d  Rocky F l a t s .  Although a l l  do 
n o t  use the d i f f e r e n t  techniques and t r a c e r ,  a program i s  well 
underway t o  determine the degree and  s ign i f icance  of any va r i a -  
t ions  s o  t h a t  intercomparisons of l a b  r e s u l t s  a r e  meaningful. 
The autoradiography of bone and other  t i s sues  i s  des i r ab le  in  
high deposit ion cases .  The problem i s  n o t  a simple one. Dr. 
Webster Jee used neutron ac t iva t ion  on some bone. John Auxier 
a t  Oak Ridge has volunteered t o  do t h i s .  Bone samples a re  t o  
be sen t  t o  him and he wil l  cooperate w i t h  Webster Jee .  Long 
bone i s  needed. Dr. Lushbaugh pointed o u t  t h a t  when the need i s  
t o  ge t  the bone marrow, the head of the  femur n o t  the  s h a f t ,  
should be used. The sternum, pe lv i s ,  and long  wedges of ver tebral  
bodies are  a l so  good sources of  red bone marrow. 
t h a t  autopsy lung weights a re  n o t  s c i e n t i f i c ,  t h a t  with terminal 
i l l n e s s  the 7 u n g  i s  d i s to r t ed  by pneumonia or cancer o r  f l u i d  
and  t h a t  normal weights of lungs should be used t o  determine p l u -  
tonium per gram content .  

The chairman continued and  reported t h a t  heal th  phys ic i s t s  do 
agree o n  n o t  using rem uni t s  f o r  autopsy samples. He s t a t e d  
t h a t  Ken Heid reported on da t a  co l l ec t ion  a t  Hanford to  a s s i s t  
in the evaluation of a plutonium intake via inhalat ion as follows: 

He s t a t e d  t h a t  a t  Rocky 

When 

He fu r the r  s t a t ed  

A. Data useful fo r  ea r ly  assessment of probable seve r i ty  

1. concentration o f  p l u t o n i u m  aerosol 
2 .  d u r a t i o n  of exposure 
3. nasal smears 
4 .  contamination spread 
5 .  type of accident  
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B .  Data  d i r e c t l y  u s e f u l  f o r  e v a l u a t i o n  of i n t a k e :  

BODY ORGAN 
DE PO S I T i  ON S 

BODY BURDEN 
FROM U R I N E  
ANALYSIS 

PLANNED USTR 

LOG1 CAL 
STUDY 

E P I D E M I O -  

WHY DO 
EPIDEMIOLOGY 
STUDY 

1 .  b i o a s s a y  samp l ing  
2 .  i n  v i v o  e x a m i n a t i o n  
3.  p a r t i c l e  s i z e  
4 .  i s o t o p i c  c o m p o s i t i o n  
5.  chemica l  f o r m  o f  a e r o s o l  
6 .  s o l u b i l i t y  

T h i s  d a t a  s h o u l d  be o b t a i n e d  and m a i n t a i n e d .  
g roup  was t h a t  USTR s h o u l d  approach a l l  problems i n  a s t a n d a r d  
manner. There  were n o t  m e j o r  t e c h n i c a l  d i f f e r e n c e s .  There  was 
no agreement on  s o l u b i 1 , i t y  d e t e r m i n a t i o n s  o r  p a r t i c l e  s i z e  de- 
t e r m i n a t i o n s .  The 
consensus was t o  ask  USTR (C. E .  Newton) t o  f o r m  a s m a l l  t a s k  
g roup  o f  h e a l t h  p h y s i c i s t s  t o  work on t h i s  t a s k  soon. Why do 
i s o t o p e s  v a r y  i n  body d i s t r i b u t i o n ?  
than  e f f e c t  o f  mass. 

The f e e l i n g  o f  t h e  

A way i s  needed t o  r e l a t e  d a t a  t o  a model.  

There  may be more reasons  

S l i d e s  were shown by C l a y t o n  L a g e r q u i s t  t o  i l l u s t r a t e  t h e  v a r i a b l e s  
( %  d i f f e r e n c e s )  t h a t  a r e  o c c u r r i n g  t h a t  a f f e c t  h e a l t h  p h y s i c s  
d e t e r m i n a t i o n s  f o r  bone, l i v e r ,  l u n g  and r e m a i n i n g  d e p o s i t i o n s .  
The emphasis was t h a t  e v e r y  case i s  d i f f e r e n t  i n  d e p o s i t i o n  
r e s u l  t s  . 

When we base d e p o s i t i o n  d e t e r m i n a t i o n s  on u r i n e  assay, t h e  e s t i -  
mates o f  body burden may b e  on t h e  h i g h  s i d e  by  a f a c t o r  o f  2 o r  3 
when compared t o  t i s s u e  a n a l y s i s .  
i n t e r e s t .  S t u d i e s  a r e  i n  p r o g r e s s  f o r  s t u d y  o f  t h e  h a l f  t i m e  o f  
t r a n s f e r  o f  p l u t o n i u m  f r o m  t h e  l u n g .  

P l u t o n i u m  238 i s  an i t e m  o f  

15  days- 500 da,ys - 1000 -- da,ys 
most s o l .  l e s s  s o l .  l e a s t  s o l .  

D r .  Marks,  Chairman f o r  p h y s i c i a n s ,  d i s c u s s e d  t h e  p l a n n e d  e p i -  
d e m i o l o g i c a l  s t u d y .  He s t a t e d  t h a t  t h e r e  was n o t  comp le te  
agreement a t  t h e  m e d i c a l  m e e t i n g .  
a component o f  t h e  b roaden ing  o f  USTR scope and t h a t  t h e  au topsy  
s t u d y  i s  a l s o  b e i n g  broadened b y  b r i n g i n g  i n  B a t t e l l e  Nor thwes t ,  
w i t h  Roy Thompson, f o r  more d e f i n i t i v e  s t u d y  o f  human au topsy  d a t a .  

He s t a t e d  t h a t  t h i s  s t u d y  i s  

A u t o p s i e s  a r e  n o t  a good sou rce  o f  cases f o r  an e p i d e m i o l o g i c  
s t u d y  because t h e y  i n t r o d u c e  b i a s e s .  
w i l l  be needed f o r  t h e  s t u d y .  The s t u d y  w i l l  i n v o l v e  d e f i n i n g  
a p o p u l a t i o n  f o r  s t u d y ,  e i t h e r  t h e  e n t i r e  p o p u l a t i o n  a t  r i s k  o r  
worke rs  who have burdens  a t  d i f f e r e n t  l e v e l s .  C a t e g o r i e s  o f  
worke rs  may i n c l u d e  those  who a r e  s t i l l  employed, s e p a r a t e d  b u t  
n o t  r e t i r e d  worke rs ,  r e t i r e e s  and deceased worke rs .  

Management c o o p e r a t i o n  
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STUDY NEEDS 

CONTROL 
GROUPS 

USTR 
PURPOSE 

REPORTS O F  
ME DI CAL 
DIRECTORS 
ON USTR DATA 
COLLECT ION 

The study wi l l  obtain mor ta l i ty  and morbidity da ta .  
need t o  ge t  a h i g h  y i e l d  of  follow-up, 
i s  obtained the  study should not be ca r r i ed  out .  
appears easy enough t o  get  on cur ren t  employees b u t  when employees 
have separa ted  you run i n t o  a d i f f e r e n t  problem. 
sons back f o r  c l i n i c a l  and hea l th  physics examination was dis- 
cussed. 
and would not be s u f f i c i e n t l y  benef ic ia l  t o  j u s t i f y  the expense. 
ihe b e s t  system i s  t o  use ques t ionnai res .  

Matching within p lan ts  seems t o  be b e s t .  Maximum e f f o r t  i s  
needed by a l l  groups t o  conform t o  some bas i c  pro tocol .  
personnel from t h e  coordinat ing center  may need t o  go out t o  
c o l l e c t  or t r a i n  people. 

Dr. liovwood s t a t e d  t h a t  the purpose o f  the USTR i s  t o  t r y  t o  
determine i f  TU work i s  detrimental  t o  worker hea l th .  Is there 
an increased incidence o f  disease  d u r i n g  l i f e ?  Where a r e  p l u -  
toni  um body deposi t ions? blhere i s  pl u t o n i  urn deposited i n bone? 
lo9 cur ies  of  TU elements may be produced by the nuc lear  power 
indus t ry  by the y e a r  2000. ~m-241 and Cm a r e  expected t o  be 
r e s u l t i n g  from future nuclear  power generat ion.  
da ta  i 
for 247Am and Cm. 
In the radium study the p rac t i ca l  threshold appears t o  be 1000 rads.  
We cannot ex t rapola te  animal data  t o  man b u t  we must g e t  a l l  pos- 
s i b l e  da t a .  L i t t l e  a t t en t ion  has been given t o  cont ro ls  t o  da te  
by p a r t i c i p a t i n g  pro jec ts  in human s tud ie s  except f o r  the Health 
and Mortal i ty  Study, LJhich makes such data ava i l ab le  on Hanford 
workers,  Licensees expected t o  p a r t i c i p a t e  i n  the USTR include 
Nuclear Fuel Services  , Inc.  (NFS) , iiuclear Materials and Equip- 
ment Corporation ( N U M E C )  and Kerr-McGee. Exxon i s  b e g i n n i n g  t o  
handle Pu  and we are  beginning t o  get au thor iza t ions  f o r  autopsies .  
dindscale  wi l l  f i l l  out  USTR da ta  sheets on t h e i r  autopsy cases .  
dindscale  has requests  t o  compensate f o r  leukemia and f o r  ex t r a  
hazard pay. 3r. Norwood concluded with s l i d e s  i l l u s t r a t i n g  methods 
for USTR da ta  col l e c t i  on. 

There i s  
I f  only 60% follow-up 

Morbidity da ta  

B r i n g i n g  per- 

The consensus was t h a t  t h i s  procedure would be expensive 

S ta f f  

vlound Laboratory 
important for plutonium 238 da ta  and Savannah River da ta  

Is the l i n e a r  threshold appl icable  t o  plutonium? 

Dr. Fuqua reported t h a t  s t a r t i n g  USTR a c t i v i t y  a t  Hanford may 
have been e a s i e r  s i n c e  they had followed employee death r a t e s  
long before t h e  Health Study was begun. 
i d e n t i f i e d  2330 transuranium workers of  whom 92% have authorized 
procurement o f  medical and heal t h  physi cs da ta .  
i za t ions  f o r  autopsy p r i o r  t o  death was new t o  them and some were 
no t  o p t i m i s t i c  about a h i g h  percent of acceptance. However, 22% 
o r  526 of  those i d e n t i f i e d  as TU workers have signed autopsy 
re leases  on the  bas i s  of pa r t i c ipa t ion  i n  a s c i e n t i f i c  study 

To date  Hanford has 

Ubtai n i  n g  author- 
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USTR 
STAT I ST I CS 
AND DATA 
CO L L E CT I 0 N 

USTR 
AUTOPSY 
STUDY 

LICENSEE 
PARTICIPATION 

and t h e  e x p e c t a t i o n  o f  a c e r t a i n  payment o f  $350 t o  t h e i r  e s t a t e s .  
P r e - p l a n n i n g  a u t o p s y  b e f o r e  dea th  and a u t h o r i z i n g  USTR p r o c u r e -  
inent o f  t i s s u e  samples has e l i m i n a t e d  u n t i m e l y  u rgency  a t  t h e  
t i m e  o f  dea th  and i s  b e l i e v e d  t o  be t h e  p r e f e r r e d  p r a c t i c e  f o r  
h i g h e r  aut0ps.y a u t h o r i z a t i o n  b e f o r e  dea th .  They do have mor- 
b i d i  t y  d a t a  on  a c c i d e n t  and h e a l t h  i n s u r a n c e  c l a i m s  a f t e r  seven 
days. D r .  Voe lz  a t  Los Alamos has i d e n t i f i e d  250 TU worke rs  and 
has s o l i c i t e d  USTR p a r t i c i p a t i o n  and a u t o p s i e s  a t  t i m e  of d i s -  
pensary  v i s i t s .  D r .  L i n c o l n  a t  Oak R idge s t a t e d  t h a t  t h e y  be-  
l i e v e  p l u t o n i u m  t h e r e  i s  a r e l a t i v e l y  s m a l l  p rob lem.  They have 
had one au topsy .  
i s  a v a i l a b l e  f r o m  e x a m i n a t i o n  r e s u l t s .  

They have a cancer  r e g i s t r y  and m o r b i d i t y  d a t a  

D r .  Norwood handed o u t  a t a b l e  o f  USTR s t a t i s t i c s  and d i s c u s s e d  
USTR s t u d y  d e s i g n .  He t h e n  i l l u s t r a t e d  w i t h  s l i d e s  some forms 
used f o r  USTR d a t a  c o l l e c t i o n .  These i n c l u d e d  fo rms used f o r  
med ica l  h i s t o r y ,  p h y s i c a l  e x a m i n a t i o n ,  x - r a y  and l a b o r a t o r y  work 
and h e a l t h  p h y s i c s  s c r e e n i n g  fo rms.  

D r .  Norwood aske'd Dr.1 H u t c h i s o n  t o  comment on s t u d y  o f  USTR 
da ta .  D r .  H u t c h i s o n  s t a t e d  t h a t  USTR r e g i s t r a t i o n  and a n a l y s i s  
a c t i v i t y  s h o u l d  be d i s t i n g u i s h e d  f r o m  each o t h e r .  One s h o u l d  
n o t  use a l l  r e g i s t r a n t s  f o r  s t u d y .  The day - to -day  and y e a r - t o -  
y e a r  o p e r a t i o n  i s  a d i f f e r e n t  a c t i v i t y  f r o m  t h e  ana l . v t i ca1 .  The 
most  s u i t a b l e  g roups  t o  compare a r e  burden groups  v s .  o t h e r  
employed. There  may be o t h e r  i n t e r e s t i n g  groups .  D e t a i l e d  
p r o t o c o l s  s h o u l d  be p repared .  S i b l i n g  c o n t r o l s  have been used. 
One s h o u l d  c o n s i d e r  o t h e r  i n d u s t r i a l  g roups  and g e n e r a l  popu la -  
t i o n  m o r t a l i t y  d a t a ,  m o r b i d i t y ,  tumor r e g i s t r y ,  o r  o t h e r  cancer  
i n c i d e n c e  da ta .  There i s  no cancer  d a t a  f o r  t h e  who le  c0untr .y.  
O u t s i d e  o f  cance r  d a t a ,  t h e  s i t u a t i o n  i s  worse. There  a r e  no 
g e n e r a l  f i g u r e s  a v a i l a b l e  f o r  o t h e r  d i s e a s e s .  Outconie measure- 
ments may i n c l u d e  t o t a l  m o r b i d i t y ,  cance r  m o r t a l i t y ,  h e m o p o i e t i c  
f i n d i n g s ,  cance r  suspec ts ,  bone tumors .  We do n o t  need t o  
i n c l u d e  c h r o n i c  leukemias .  

D r .  S t e r n e r  s t a t e d  t h a t  OSHA (and ERDA has OSHA r e s p o n s i b i l i t i e s )  
s t i p u l a t e s  t h e  k i n d  o f  r e c o r d s  r e q u i r e d  f o r  a r s e n i c  worke rs  be-  
cause a r s e n i c  i s  now t h o u g h t  o f  as a c a r c i n o g e n .  
fo rms f o r  da ta  c o l l e c t i o n  m i g h t  be  t h e  f a c t o r  t h a t  wou ld  b reak  
us a l l  a p a r t .  We may d rag  o u r  h e e l s  w i t h  fo rms now b u t  we must 
ag ree  on what d a t a  t o  c o l l e c t  and t h e n  g e t  what  i s  c o l l e c t e d  i n  
u s a b l e  f o r m  f o r  s t u d y .  

The use o f  

D r .  Wachholz r a i s e d  t h e  q u e s t i o n  o f  l i c e n s e e  p a r t i c i p a t i o n .  
D r .  Norwood r e p l i e d  t h a t  none have s a i d  no b u t  t h o s e  w i t h  P u  
worke rs  a r e  o n l y  p a r t i a l l y  p a r t i c i p a t i n g  t o  d a t e .  
l i k e  t o  ask  employees t o  p a r t i c i p a t e  f o r  f e a r  o f  cha rge  o f  c o e r c i o n  
and wou ld  p r e f e r  t h a t  USTR ask .  

They do nr ; t  
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LlSTR Dr. Norwood continued w i t h  i l l u s t r a t i o n s  f o r  USTR data co l lec-  
R U  TO PSY t i on .  Dr. Marks said t h a t  t h i s  extensive d a t a  may not be needed 
5TUDY f o r  the epidemiology s t u d y .  There has to  be a comproiiiise as t o  
I N FO RMAT IO N w h a t  we now need with w h a t  the need i s  for  the f u t u r e .  Dr. 

Lushbaugh commented t h a t  the data co l lec ted  may determine the 
epidemiology study and v ice  versa .  Dr. Hutchison s t a t e d  t h a t  
the ana ly t i ca l  system wil l  focus on a much smaller  amoun t  of 
da ta .  Dr. Norwood s t a t e d  t h a t  the objec t ive  i s  t o  car ry  o u t  
s tud ie s  in indus t r i a l  plants  with USTR co r re l a t ion  of the 
d a t a .  The USTR Advisory Comrriittee has  been most helpful in 
developing guidel ines  f o r  USTR operat ion.  Dr. Hutchison 
sa id  t h a t  a protocol should s t a t e  when r e s u l t s  can be expected 
and  when they wi l l  be reported.  I f ,  f o r  example, we have 400 
people in a study a n d  one-half a r e  separa ted ,  then we already 
have a la rge  number of malignancy cases .  We can t e l l  i f  there  
was a doubling of the incidence.  One should be ab le  to  t e l l  
t h a t  in  a short time. This i s  something t h a t  one can report. 
A d iscussion on answering questions about heal th  e f f e c t s  a n d  
providing information con t i  nued. 

C O N C L U D I N G  Or. Norwood asked Dr. S terner ,  Chairman of the USTR Advisory 
REMARKS Committee, fo r  concluding comments. Dr. S terner  s t a t e d  t h a t  

the Advisory Committee had been concerned with USTR progress 
b u t  he n o w  f e e l s  t h a t  important work wi l l  be accomplished with 
E R D A  support .  
meeting had whetted the appe t i t e  of Dr. Hutchison and t h a t  we 
can obtain his  f u r t h e r  a s s i s t ance .  

He indicated t h a t  he p a r t i c u l a r l y  hoped t h a t  this 

Or. Norwood expressed h is  thanks t o  Mr. Ed Putz ie r  f o r  the  
meeting arrangements and Mr. Putz ie r  gave c r e d i t  t o  his 
sec re t a ry  . 

Dr. Marks concluded tha t  he thought t h a t  t h i s  was a very 
f r u i t f u l  meeting, t h a t  he regre t ted  t h a t  physicians could not 
have been a l so  present  a t  the health physics sess ion .  
thanked Dr. Norwood f o r  ge t t i ng  the meeting toge ther  and  f o r  
h i s  continued enthusiasm in the  USTR. 

He 

PAF : d p  
5-6- 75 



/\TTACHMEldT I 

PRESENT ESTIMATE OF Februar,y 1975 
NUMBERS OF C U R R E N T  AND S E P A R A T E D  EMPLOYEES WITH 

POSITIVE DEPOSITION OF TRANSURANIUM ELEMENTS 

- --- HANFORD I-____ PLUTOiVIUM DEPO5ITI01i - CASES - 1973 Summary -I__ 

Pcrcen t M .  P .  I Percent  I 

Deposition . *Current **Separated , Total Deposition *Current! **Separated, Totali 

I -_I? 31 29 60 1 25 & g r e a t e r  ! 10 13 23 i 
1 3  

_ _  --- 
8 

I __--- 
32 68 ' 5  137 144 281 ; 10 & g r e a t e r  _ _  - 36 

---____I 

-__ - 5 - 10 

25 - 50 4 1 0  I 100 & grea ter :  5 i 1 6 ;  

100 & over 

lotals 

-- 10 - - - ~ ~ _ _ _ _ _ _ _ -  25 26 19 45 I 50 & g r e a t e r  j - _._ 6 ! - 7  - -- 

6 -__  - 

50 - - _- 100 -- 1 6 -  7 .  

I 
5 - 1 6 (  

-__- ---_I_ -- 
204 205 409 - __ __ __ - 

* S U ~ L . ' ~  i ed  from Personnel Dosimetry Sect ion BHW 
** Termit;ated and Ret i red 

__ ___- 
FCr'HK -_I - Atil AmCm 
c 57; 1 1 
5 - 1 0 %  0 0 
10 - 23% 0 0 
20 - 50% C 0 

50 - 100% 0 1 
1 100% 0 0 

S A V A N N A H  R I V E R  Am Crr! Cf-53 --______ 
Separated ( 9 )  

- - - - -  Current - (44) 

Cm Total - -  - Cm - C F  Total 
34 0 36 7 7 
4 1 5 0 0 
0 0 0 1 1 
1 1 2 1 1 
0 0 1 0 0 

0 0 0 1 0  0 - 



I Percent I 

t I i 
- 
Percent M. p. 
D e E s i t i o n  1. Current 1 Separated 1 Total Deposition , !Current 

8 I / I  311 1 1  10 & g r e a t e r  t 285 
- 

~ _ _ .  [.OS ALAMOS PLUTONIUM -- DEPOSITIONS . 6 '  I I I 

SeDarat& . Total 
108 393 

7 - 2 1 2  i 5G & g r e a t e r  17 50 - 100 1 10 _ .  

5 1 2  1; 100 & g r e a t e r  7- 5 
24 
12 

_- fl0UND -. L A B O R A T O R Y  PLUTONIUM 238Pu DEPOSITIONS I 
I -- I 

Percent M.P.  
~ ~ : s i t i ~ ~  , Currerlt 

; 895 c . 5  
5 - 10 i 210 
-____t_l_ 

I 
_ -  

If Percent \ I 
S-rated 1 Total I Deposition 'Current  I Separated I Total 

i 1025 1 1920 1 10 & g r e a t e r  273 I 394 _ _ _  
227 ! 20 & g r e a t e r  154 

10 - 20 ; 119 1 206 I 325 50 p1 grea te r  . 

1 256 1 100 & greater-  
49 __ 

24 

50 - 100 25 

100 ! 24 
+-- 

! 
--- 

Totals  I 1378 

30 1 55 ' i  
I 

7 \ 31 j, 
1 3024 1 1646 

Percent Syst.!  i 

2 3 8 P u  ~ I Current Separated 
Bod Burden ' 
_ _ ~  

I Percent 
Syst .  B.B.  Current j- Separated ----.--t 

1 
I , 
1 

i 10 deps. , 
10 - 20 26 28 
20 - 33 16 i- 1 lung 11  

dep. 

-7 10 & a r e a t e r  71 -29- -A 

I 

! 2 

31 
i 

20 & g r e a t e r  

- .- 

, 
50 - 75 j 10 

-I_ 

12 5 0 75 & g r e a t e r  + 1 -  I 
100 q r e a t e r :  9 - --- 5 I 

deps \ 

5 
__I __ 
Total 68 t 3 lung 59 

- _- _IC _-- 

, ~ .  



PRESENTLY EMPLOYED Pu WORKERS WITH DEPOSITIONS GREATER THAN 
THE I N D I C A T E D  % OF N4XIMUM PERMISSIBLE Pu DEPOSITION 
APPROXIMATE TOTALS, HANFORD, S . R . ,  R . F . ,  L.A.,  MOUND 

C u r r e  n t 1 y-E m p 3 e  d ( Ac t i v e ) , _- __ - ____  
I 

;T rcen t Savannah 1 Rocky Los I 
I ( ' :  ; i t ; o n  I_---- H a n f o r d  , R i v e r  1 F l a t s  -~ , Alarnos , Mound , T o t a l  
I ii_ ; , - j L y J e  r 36 I 285 273 79 714 ! 41 
' _ )  r ' r r cs te r  10 18 63 154 53 295 1 -! - - -  --- 

- - 

6 8 ! 1 7  49 2 2  97- - - , r \  
~ (j rea  t e r  - - _ _  

S e p a r a t e d  Employees ( I l l a c t i v e ) -  - - - -- 
I )< ,  , ( n n  t Savannah Rocky I Los I 

F l a t s  1 Alamos ' Mound T o t a l  I,'>- * J C > ~  --- t i  on t j a n f o r d  R i v e r  - 
I C  n( nre< : te r  32 6 108  394 59 599 - _- - 

S e p a r a t e d  Employees ( I n a c t i v e ) -  __ _ - _  __  -- -  - 

I)< ,  , (-iln t Savannah Rocky I Los I 

F l a t s  I Alamos ' Mound T o t a l  - -  . J < .  --- 1 t i  on t j a n f o r d  R i v e r  - 
i C  n( nre< : te r  32 6 108  394 59 599 - _- - 

NUMBERS OF EMPLOYEES WITH + DEPOSITIONS O F  Pu 
D I V I D E D  I N T O  GROUPS ACCORDING TO % M.P.8.B. 

-7 
i 

1 1 8 i  I 

5 - 13 31 210 ; 2 290 ! 

1i: - 2 5  25 23 225 -1 19-._ ' - 
2 5  .. ___._ - SO 4 15  43  105 , 31 1 9 6 - 1  
5cI - 100 1 3 10 25 13 52 

2 130 5 0 7 24 9 45 I 

.____. _ -  -, C u r r e n t l y  Employed. 

. I - .- r+: .? .e.E.  - - - __ .- . - 

.-- 4 5  - 137 149 895 ' 

I Savannah Rocky Los , 
Alamos ! Mound T o t a l  - H a n f o r d  ' R i  v e r  , F l a t s  

- - - I  

- 47 - .. _I_- ~ _ _ _  
26 319 

I 

. - ---_I 

- .- . _. - - -. - .__ - - . . . - 
T o t a l  i 

+ Curden 204 237 285 1378 ! 81 2085 i 
- - ~ -  

- _____ 

:,, Y . P . B . B .  H a n f o r d  R i  v e r  ' F l a t s  -~- Alamos ' Mound I T o t a l  1 
1255 i 4 5  144 ' 86 . 1025 

S e p a r a  t - -  e d - Em p 7 oy  e e s 

Savannah Rocky Los I 

- 
5 - 10 29 - 21 227 277 1 

---_ 10 - 25 19 5 86 206 28 344 

. 59 - ~ _ _ _ _  - 100 6 0 - - - 2 -- - - 30 -.  4- 5 ,  4 3 i  
-. > - -_ 100 .- - 1 0 5 7 :  5 1s  i 

__I -- 
' 21 ; 194 ; -_-  2 5  - 50 . - ___ G 1 1 5  151 

. Tf? t a l  205 113 . 108 , 1646 I 59 , 2131 , 



- -------T-- 
/ i k 1 . P . B . B .  i Eriiployees 

71 6 10 & g r e a t e r  
25 - _  & g r e a t e r  285 

I Current 
-_ - _- 

I 

- __ +---- 
50 - __ 8( g r e a t e r  __- . 97 - -  

100 - _  - & g r e a t e r  45 

"A" Estimated number of cur ren t  and separated employees with i d e n t i f i a b l e  Pu deposi t ion 
equals 2085 ( c u r r e n t )  + 2131 (separa ted)  = 4216 ( t o t a l )  

Te rm i na ted 
Employees -Total 

599 1315 
255 540 

I _ .  

~- - - -. - 

61 158 

i a  1 63 
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3 
6 

19 
227 
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3 
b 
1 
7 
9 

7 
10 

2 
G 
3 
3 
6 
2 
4 
2 
4 
6 
4 
2 

2 
8 
7 
2 
2 
5 
4 
6 

1.08 
0.30 
0. 3 '1  

0.813 
0 ,4-[ 
0 .'lo 
0.53 
0.10 
0.17 
0.18 
0 -77 
0 -26 
0. -18 
0. 1.1; 
0 .c7 
0 .:?It 

0.01 
0 .oj 
0 . -1 3 
0 .cl3 
0 -0: 
0 -02 
0.03 
0 .G'? 
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T h i s  t h i r d  a i ?  c : r n a t i v e  ) ~ o u l d  \omt.;hat a f ' f c k c - t  t h e  d o s e  e s t i m a t e  

s i n c e  t h t .  lymph noi1t:s accwnulat  e p r . t c  ' i c a l  1y t h e  same number  of I i C i -  

days  a s  doe> t h e  r c s > t  o f  th t .  l u n ~ :  t-ci , .  i n , ; o l i i t ) l ( .  l 'ii-239 a n d  t h e  same i s  

t r u e  f o r  f'u-238. fiowever, the. clos(. l u n g s  w o u l d  o n l y  h e  i n c r e a s e d  

by  a f a c t o r  o f  2. 2 ,  
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F i n a l l y ,  for d o s e  t o  g o n a d s ,  May a n d  1;ichrnonci h a v e  s u g g e s t e d  t h a t  u p t a k e  

b y  ovarieb b e  t a k e n  a s  a h o u t  ;I f a c t o r  o f  '0 l o w e r  t h a n  t h e  u p t a k e  by t e s t e s .  

?‘fit. b e s t  v a l u e s  a r e  p r o h n b l y  th i l i t .  o f  t l i r ,  a u t o p s y  c . a ~ e s  o f  Pu w o r k e r s  who 

h o v e  a c c u q u l a t e d  :I s i i ; n i f i c : m t  l m d y  b u r d , , :  

<o:. males and  I O - "  f o r  f-eiules a 5  t h e  f r ' i ,  t i o n  o f  a c t i v i t y  r e a c h i n g  b lood  

t h L i t  d e p o s i t s  i n  t h e  g o n a d s .  

and may be  s u r m a r i z e d  as  lo - '  

I t  i s  apparezt t h a t  t h e  I'u a n d  A c t i n i d e  Kegi:iti-y c a n  d o  much t o  h e l p  

c l ' i r i f y  t b , i s  p u z z l e .  The d a t a  i i c c u m u l : i t ( ~ ~ .  b y  :he Kei;;stry on t h e  c o n c e n t r a t i o n s  -- 
n o ~  t h e  :ini)unts u n l e s b  a c c o m p a n i e d  by  c's: )nates o f  t f ,e  mass - -  i n  t h e  pulmoniiry 

l>-r;;,h n o d e s  and i n  t h e  l u n g s  s h o u l d '  ana ;  v ' .  cd hy exposure  h i s t o r y ,  t h a t  i s ,  

c h e n i c a l  a n d  p h y s i c a l  d a t a  on t h e  aero: ,o! ,  b y  t h e  tirr>e o f  t h e  exl'osure and 

t i a e  o f  de; th .  O f  c o u r s e ,  any  pathoIni : iL<ii  f i nd ink : s  would be n o t e d  a l s o ,  

I a n  s u r e .  

? h e  same typ' o f  a n a l y s i s  nt,eds E O  bt dp ; r l i e l l  :o 7k.c da;a ~ i i  b o n e  z n d  

l i v e r  e s t i r n ~ i r e s  and 1 t h i n h  i t  h o u l d  b e  ( !c \ i r -a t ) l f .  t o  c o l l e c t  a few samples 

of gonads e v e n  i f  1~ i s  d i f f i c u l t  t o  mea',~.re t h e  a i t i b i t j  i n  them. h ' h e t h e r  

t h e  Rez is t ry  can go f u r t h e r  - -  s a y  i n  d o c m e n t i n > :  t h e  d e g r e e  t o  k h i c h  Pu i n  

bony h a s  b e e n  o v c r l a y e d  by ntw h o n e  or n u t  - 1s q u e s t i o n a b l e .  1lowever,  

I D e l i e v e  i f  it can b e  d o n e  a t  a l l ,  i t  ? t i c  i l J  be t r i e d  i n  some cases s i n c e  

sn enormous a n o c n t  o f  animal d a t a  will h ~ r  11, g i b e  L I S  t h e  e q u i v a l e n t  d;ita 

o n  ran. 
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I L i c h m n d  a n d  ‘Tliomas, ‘ I l ’ u  a n d  O t h e r  Act i n i t l e  Flements i n  Gonadal 
Tissue  of M a n  and Animal:,,“ ( I n  prt” 5 ,  t!kALTli PHYSICS). 

ICKP Draft  Dosimetric Data on P l u t o i ~ i u r n .  
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