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Mr. Howard L. Rosenberg 
c/o Jack Anderson Enterprises 
1401 16th Street, NW 
Washington, D. C. 20056 

Dear Mr. Rosenberg: 

Please accept this letter in complete re8pOBm ta popr lkddom 
of Information Act request dated July 10, 1981, which was 
accepted for response on July 15, 1981. 

The following information has been detemined to be reknsive 
to your request and is transmitted herewith: 

1, The following proposals/protocols concerning radiation 
therapies and treatments submitted to thu eamaittee 
on Iivzman Studies: 

- 
- S t u d i e s  of T Z I  in r'aticnts with Eenatologic 

- 
- 
- 

Study of Granulocyte Kinetics in "yeloproliferative 
Giseascs 

Lisorders 
Therapeutic Allogeneic Transplantation of Humo'n 
Sone 1 2 r r o w  
Changes in Elood Enzyme Levels Following Exercise 
and/or TBI in l!an 
E f f e c t  of Splenectmy and TBI on Onset of Blast 
Crisis and Survival in Chronic Granulocytic 
Leukemia 

In addition to the above proposals and protocols, whicl 
are all the radiation therapy proposal. a-tted to 
the Comaittee for review, you will find included pll 
related Committee notes, minutes, recommendations and 
actions, and any interim progress or final reports sub. 
mitted to the Committee concerning the therapy or c~uri 
of treatment under the study. 
identify any other particular repository of, or source 
for ,  unpublished reports that may have resulted from 
therapy approved or reviewed by the Committee. 

We have been unable to 
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OAK RIDGE ASSOCIATED UNIVERSITIES 
Oak Ridge ,  Tennessee  

Consent  t o  O p e r a t i o n  c 
DATE T I S I E  P .H .  PLACE 

1. I he reby  a u t h o r i z e  t h e  m e d i c a l  s t a f f  o f  t h e  ORAU Sledjcal  P i v i s i o n ,  o r  suc?. 
p h y s i c i a n  a s  t h e y  may d e s i g n a t e ,  t o  p e r f o r m  upon 

n y s e l f )  

( s t a t e  name o f  p a t i e n t  o r  
t h e  f o l l o w i n g  o p e r a t i o n :  

I f  i n - t h e  c o u r s e  o f  t h e  o p e r a t i o n  any  u n f o r e s e e n  c o n d i t i o n  ar i ses  c a l l i n g  
f o r  p r o c e d u r e s  i n  a d d i t i o n  t o  o r  d i f f e r e n t  from t h o s e  now a u t h o r i z e d ,  I 
f u r t h e r  r e q u e s t  and  a u t h o r i z e  hiin t o  do whateve r  h e  deems a d v i s a b l e .  

2 .  The n a t u r e  and  p u r p o s e  of  t h e  o p e r a t i o n ,  p o s s i b l e  a l t e r n a t i v e  methods o f  
t r e a t m e n t ,  t h e  r i s k s  i n v o l v e d ,  and  t h e  p o s s i b i l i t y  o f  c o m p l i c a t i o n s  have  
b e e n  f u l l y  e x p l a i n e d  t o  m e ,  I acknowledge t h a t  no g u a r a n t e e  o r  a s s u r a n c e  
h a s  been made a s  t o  t h e  r e s u l t s  t h a t  may be  o b t a i n e d .  

a s t a f f  member o f  t h e  ORAU 
a s  he  nay  d e s i g n a t e .  I f u r t h e r  c o n s e n t  t o  t h e  u s e  o f  such  a n e s t h e t i c s  a s  
h e  may deem a d v i s a b l e  w i t h  t h e  e x c e p t i o n  o f  

3 .  I c o n s e n t  t o  t h e  a d m i n i s t r a t i o n  o f  a n e s t h e s i a  by o r  under  t h e  d i r e c t i o n  of  
Medica l  D i v i s i o n  o r  such o t h e r  q u a l i f i e d  p e r s o n  

( i f  none ,  s o  s t a t e )  

4 .  I consen t  t o  t h e  d i s p o s a l  by a u t h o r i t i e s  o f  thsORALJ Medica l  D i v i s i o n  o f  

5 .  I :=:sent t o  t h e  t a k i n g  and  p u b l i c a t i o n  o f  any pho tographs  i n  t h e  c o u r s e  

6 .  F c r  1.1% p u r p o s e  o f  a d v a n c i n g  med ica l  e d u c a t i o n  and s c i e n c e ,  I a l s o  c c n s e n t  

any  t i s s u e s  o r  p a r t s  which may b e  removed. 

o f  :::s o p e r a t i o n  f o r  t h e  p u r p o s e  o f  advanc ing  n e d i c a l  education and s c i e r i c .  

t o  ::.? a d m i t t a n c e  o f  o b s e r v e r s  t o  t h e  o p e r a t i n g  ro37;1. 

1 C E R T I F Y  T i U T  I I lXVE R E A D  .AND FULLY U N D E 9 S T A Y D  T H E  F O R E G O I N G  C O N S E N T  'TO 
' OPERATIOS, T H A T  T H E  EXPL.ASATIOXS ' T H E R E I N  R E F E R R E D  TO 'HERE U D E ,  A N D  THAT A L L  

FLAUliS O R  ST.L\TLMENTS R t Q U I R I N G  I N S E R T I O N  O R  C O M P L E T I O N  WERE FILLED I N  A N D  
IS.4PPLICABLE P A R A G R A P H S ,  I F  A K Y ,  WERE STRICKEN BEFORE I S I G N E D .  

S i g n a t u r e  o f  P a t i e n t  

S i g n a t u r e  of  P a t i e n t ' s  Spouse 

\<hen t h e  p a t i e n t  i s  a minor  o r  incompetent  t o  g i v e  c o n s e n t :  

S i g n a t u r e  o f  p e r s o n  a u t h o r i z e d  
t o  g i v e  consen: 

R e l a t i o n s h i p  t o  P a t i e n t  

COXSEST T O  OPEX4TION NED-ltS(2-671. 



OAK RIDGE ASSOCIATED UNIVERSITIES 

OAK RIDGE, TEHNESSEE 

Authorization f o r  the Administration of  Radioactive Substance 

I hereby authorize t h e  s t a f f  of the ORAU Pedical Division to  

administer t o  the  following 

radioactive substance 
Nucl i de Chemical 

The purpose o f  this  procedure has been explained t o  me as being: 

I z  -?levance t o  my condition, the risks a n d  any p x s i b l e  a l t e r -  
n ? f  42s have been explained t o  me. 

Signature o f  Patient or Guard ian  

Date 

(- AUTHOR1ZATIO;i FOR THE ADlclINISTRATIOi~ OF RA9IOACTIVE SUBSTANCE MED-148 (1  1-72) 

1 I i3b7q 
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1'111. Analys i s  of R e s u l t s :  

A. The s t d y  will focus  on:  

1. Length of  s u r v i v a l .  

2 .  R e l a t i v e  e f f e c t s  on morb id i ty  i n c l u d i n g  d u r a t i m  of t i r e  
p a t i e n t  i s  i n  complete o r  p a r t i a l  remission.  

1 3.  E f f e c t  of splenectomy on g r a d i c a t i o n  of t he  Ph chrorcosome. 

4. Durat ion of t i m e  from o n s e t  of d i s e a s e  and from d a t e  of 
splenectomy t o  o n s e t  of the b l a s t  crisis.  

I X .  Consent Forms: 

A. P r o t o c o l  Labora to ry  Data Shee t  

B. Consent f o r  A d m i n i s t r a t i o n  o f  Rad ioac t ive  Material. 

C. Consent f o r  O p e r a t i o n .  

D.  Consent f o r  Expzrirnental  P r o t o c o l .  

X. References : 

A.  ; - :L l l i ax ,  11. J .  e t  a l ,  Hemto logy  p .  689 ,  1972. HcGraw-Hill, I nc .  

B.  722, S .  B .  and Brodsky, I. : TheraTy o f  X y e l o p r o l i f e r a t i v e  Di so rde r s .  
11 Cagcer Ch2xotheraDy 11. 22nd Hahneaann Symposiun. I .  Br-dsl;:? a i d  
:- 5. Kzhn ( E d s . ) .  Grune and S t r a t t o n ,  New York, 1 9 7 2 .  

C .  ~ s i l c a l  Research C o u n c i l ' s  Working P a r t y  f o r  TheraTeutic T r i a l  i n  
~21ik-225a.  Chronic Granu locy t i c  Leukenia;  Comparison of Radiothera2y 
and Busulfan Therapy. B r i t .  Ned. J .  1:201, 1968. 

D. Brodsky, I . ,  Ross,  E . ,  Pe tkov ,  G . ,  and Kahn, S .  B . :  P l a t e l e t  and 
Fibr inogen K i n e t i c s  w i t h  ( 75 Se) Selenomethionine i n  P a t i e n t s  w i th  
X y e l o p r o l i f e r a t i v e  D i s o r d e r s .  B r i t i s h  3. H a e m t .  22: 1 7 9 ,  1972. 

E .  F r e i ,  E . :  Therapy of  Acute Leukemia. I n  Cancer Chemotherapy 11. 
22nd Hahnenann Synposium. I. Brodsky and S. B. Kahn (Eds.) Grune 
and S t r a t t o n ,  N e w  York, 1972. 

XI. I s o t o p e s  and Nev Druqs: 

No new r a d i o i s o t o p e s  o r  new drugs would  b e  involved i n  t h i s  s t u d y .  
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5 .  ? h i n t e n a n c e :  A f t e r  o b t a i n i n g  a r emis s ion ,  t hose  p a t i e n t s  who 
are  splenectomized w i l l  n o t  r e c e i v e  a d d i t i o n a l  t r e a t m e n t s  u n t i l  
t h e  wound i s  comple t e ly  h e a l e d .  
t r e a t e d  w i t h  e i t h e r  f r a c t i o n a t e d  doses  of  total-body i r r a d i a t i c n  
o r  p r o t r a c t e d  doses  of t o t a l -body  i r r e d i a t i o n  t o  ma in ta in  t h e i r  
r emis s ion  s t a t e .  
doses  w i l l  b e  easier t o  f o l l o w  and ma in ta in  t h e i r  blood c e l l  coiLits 
a t  normal l e v e l s .  
p a t i e n t s  who are t o  b e  t r e a t e d  w i t h  p r o t r a c t e d  doses of t o t a l -body  
i r r a d i a t i o n .  These p a t i e n t s  f o r  t h e  most p a r t  would be g i v e n  100 
o r  150 R. 
exceeding 

S p l e n i c  i n f a r c t :  
c o n d i t i o n .  

P a t i e n t s  w i l l  be  fo11o:Jed and 

P a t i e n t s  who are  t r e a t e d  w i t h  30 R f r a c t i o n a t e d  

It will be mare d i f f i c u l t  t o  ma in ta in  i n  r e n i s s i a n  

T h i s  group'of p a t i e n t s  should n o t  have w h i t e  coun t s  ever 
50,000 cu/mm o r  p l a t e l e t  counts  exceeding l$OO,000 c d m .  

6 .  There w i l l  b e  no change i n  t r ea tmen t  f o r  t h i s  

7. Blast crisis: 
t i n u a t i o n  of total-body i r r a d i a t i o n .  

Development of b l a s t  crisis will r e s u l t  i n  d i scon-  

8. Measurement of e f f e c t ,  o f  c o u r s e ,  w i l l  be determined by whether  
o r  n o t  the p a t i e n t s  a c h i e v e  a complete  r e n i s s i o i l ,  p a r t i a l  r e m i s s i o n ,  
o r  are j u s t  improved f o l l o w i n g  t r e a t m e n t .  

111. Dose N o d i f i c a t i o n  and T o x i c i t y  : 

Radlzcion doses  w i l l  be modif ied i n  accordance w i t h  t o x i c i t y  du r ing  maintenznce 
o r  2s ? r e s e n t  a t  t im of beg inn ing  t h e  n e x t  c o u r s e  of r a d i a t i o n  t r e z t n e n t .  

A.  Zi-.tologic: N o  total-body i r r a d i a t i o n  w i l l  b e  given i f  t h e  p l a t e l e t s  
below 100,000 d u r i n g  maintenance phase o r  if t h e  wh i t e  count  f a l l s  

t l 0 T J  3,000.  

B. Associated m y e l o f i b r o s i s :  The dose of total-body i r r a d i a t i o n  w i l l  n o t  
b e  changed f o r  t h e  p re sence  o f  a s s o c i a t e d  n y e l o f i b r o s i s  u n l e s s  t h e s e  
p a t i e n t s  have blood coun t s  which p r e v e n t  t reatment .  

C .  S p l e n i c  i n f a r c t :  There w i l l  b e  no change i n  t r ea tmen t  of this c o n d i t i o n .  

D. B l a s t  c r i s i s :  The developnsnt  o f  b l a s t  crisis will r e s u l t  i n  d l s c o 2 t i n u a -  
t i o n  of total-body i r r a d i a t i o n .  

I V .  Measurement of E f f e c t :  

A .  Complete r emis s ion :  Complete r emis s ion  w i l l  be  de f ined  a s  a wh i t2  count 
betwsen 4 ,000  c u / m  and 12,000 cufrni in t h e  absence of splenonegaly and i n  
t h e  presence of a s t a b l e  we igh t .  The hezoglobiu should be sbovc  1 2  2 
and hematoc r i t  above 36%. Systemic c o q l a i n t s  such as excess ivc  f a t i g u e ,  
swea t ing ,  f e v e r ,  n i g h t  s r i e a t s ,  and anorex ia  should be a b s e n t .  I f  t h e  t c t a l -  
body i r r a d i a t i o n  therapy would l e a d  t o  normal p l a t e l e t  count or throvbocyto- 
p e n i a  without  a chanse i n  t h e  w h i t e  count t o  4,000 t o  12,000 c u / ~ n  o r  s h u l d  
t h e  p z t i e n t  R a i n t a i n  thrombocytosis  (7 L50 , O O O / r r d )  bu t  change t o  a n o m a 1  
whi t e  blood c e l l  c o u n t ,  then a cotr?l2t- .  remission . . d i l l  no t  have occur r2d .  
The bone  rnarrov c e l l u l s r i t y  s h o u l d  r e t u r n  t o  norTj1 and the  GI: r a t i o  wJst  
no t  exceed 5:l. Serum v i t amin  B - 1 2 ,  unsa tu ra t ed  vita;nin 8-12 binding 
c a p a c i t y  and l e u k o c y t s  a l k a l i n e  phosphatase should be normal, S?Lean s i z e  
s!wuld h z  27.7~lluat?d by m a n s  o f  t h e  r a d i o c c l l o i d  scan. 

c 

E i 1 3 b 8 1  
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Ju3.y 10, 1981 

RE: F Q I A  fiequest 
and your response of 
March 5, 1981 

please  :tiisbier t h i s  reqiest .  as a continuation of my request o f  Feb. 13, 
l5Hl am. JJ~;.  27, 1983.. J arn s t i l l  hopine f o r  .more elaborative 
docume- z,t,:;n regarding jmotocols fcr  certain medical theraFZes t r i e d  
at ORAE -;%:! , lR3i,  and submitted for review to t h e  Human b s e  Comnittee 
t h e r e  * 

Under tL  . :;i-c;visions of t h e  Freedom of Tnformation Act, 5 U.S.C 522, 

p r i o r  z - . . * c * i . . . x : : : e  ;;c; me of I.larch 5 ,  1981, you included a listing of 
proposs' 
_, : * *  La , - i t?  * .s 
s Jbmi t t  
all fir!,. . :-e;3r,rz;s of the experiments. 

e-;t , i rz accc4ss t r ~  d e t a i l e d  in format ion  r e l a t ing  t o  experimental  
:r+ed at OF,liU and OmL over  the past  I l k  years. 

7rJ~?:~3t ; f ;~d  for m v i e w  to t h e  ffORAU/ORNL Committee on Hirman 
i ~ - ~ ~ i : l : ~ . > . c a i l y ,  1 m r e q u o s t i n g  verbatim copies of the protocols  

In your  

~ c t j i  :)?ogress r e p c r t s  written concern ing  those pro toco l s  and 

::? t h e  a c t  permits you to reduce and w a i v e  fees when the 
.- ::c information is considered as co primarily benefitt ing the  

p u b l i c .  _. :%GB 1 am r'equ.?sting t h i s  information as  part  of an on-going 
i n o v i r y  : i ~  :?e  effecto or' radiation on man, and i n t o  the U.S.  government' 
ef f ' c r t s  *--; :i: ,antifjr those ei'fects, and s i n c e  t h e s e  questions are s t i l l  
open :,<+ cobs te ,  L b s l i e v e  t h a t  t h i s  request fits t h a t  category and 
1 tlierc:. r: 3z-k you to waive any fees. Ny request for  a f e e  waiver was 
~:;ra:lCed ' tl t ~ z ' c .  20, 1981, and s i n c e  this request is a cont inua t ion  of 
t.h8 Sail* !-i:;i>?ry3 2 azsume f e e s  will cont inue  to be waived. 

If ai1 : a , . I  s ? v  :>art of t h i s  r e q u e s t  is denied, please cite the spec i f ic  
i s ;  ~il tck:  ycu tfiink j u s t i f i e s  our re fusa l  to re lease  the 

i n f o r m s :  y:t -5sd znform xe af the eppertf procedures ava i lab le  to me 
u n d e r  t : '  :ax, T would appreciate your hand l ing  t h i s  request as 
exFedi t  -- s s  p o s s i b l e .  I look forward to hea r i r ?g  from yoii within 

Pleare  .rs;x.nd to the address l i s t e d  below: 

7 

10 Gays. a-, t<:.e 1252. StipulJles, 

1401 16th St. NW 
?/ash ington , 3.  C . ZOO36 

I 
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I have t a l k e d  wi th  about t h e  
N a m e  , 

f proposed cour se  of t r ea tmen t  t o  b e  g i v e n  I 
Name \ .. 

i n c l u d i n g  t h e  fol lowing:* 

1. The planned treatment c o n s i s t s  o f  total-body i r r a d i a t i o n  and p o s s i b l y  
s p l e n i c  r a d i a t i o n  t o  ach ieve  a r e m i s s i o n  i n  the  d i s e a s e ;  wh i t e  blood 
c e l l  count  below 15 ,000/m3, p l a t e l e t  coun t  below 600,000/m3, and 
s p l e e n  s m a l l e r  than 10 c m  below r i b  margin.  
When t h e  p a t i e n t  is  i n  r e m i s s i o n ,  a splenectomy w i l l  be  done a t  t h e  Oak 
Ridge H o s p i t a l  of t h e  Methodis t  Church o r  another  h o s p i t a l  t h a t  h e  ( she )  
selects and by a surgeon o f  h i s  ( h e r )  cho ice .  
Throughout t h e  t r ea tmen t  and o b s e r v a t i o n  p e r i o d s ,  f requent  t es t s  and 
examinat ions w i l l  b e  done t o  check on t h e  progress  of t h e  d i s e a s e  and i t s  
response t o  therapy.  
A. Blood samples of 5-25 m l  up t o  3 t i m e s  a week. 
B. 

C. Scans of bone marrow, l iver  and s p l e e n .  

of i r r a d i a t i o n ;  B) t h e  e a r l y  and l a t e  r i s k s  of splenectomy. 
A. 

2 .  

3 ,  

These tests i n c l u d e :  

Bone marrow a s p i r a t e  o r  b i o p s y  as requ i r ed  t o  no te  t h e  c o u r s e  of 
t h e  d i s e a s e .  

4 .  The r i s k s  involved i n  t h i s  t r e a t m e n t  p l a n  are A) t h e  e a r l y  and la te  r i s k  

The e a r l y  r i s k  of T B I  is l i m i t e d  t o  t h e  s l i g h t  r i s k  of t h e  p a t i e n t  
g e t t i n g  a g r e a t e r  exposure than  p l anned ,  p lus  t h e  r i s k  t h a t  t h e  p re -  
s c r i b e d  dose i s  too  g r e a t  o r  t h a t  t h e  p a t i e n t  i s  unusually s u s c e p t i b l e  
t o  r a d i a t i o n .  The degree  and d u r a t i o n  of the r e s u l t i n g  pancy topen ia  and 
t h e  r i s k  of i n f e c t i o n  o r  b l e e d i n g  would depend on the magnitude of t h e  
over-dosage. We b e l i e v e  t h a t  t h e  t o t a l  r i s k  i s  minimal because o f  o u r  
b u i l t - i n  c o n t r o l s ,  ou r  f r e q u e n t  monitor ing of  t he  r a d i a t i o n  and i t s  e f f e c t ,  
and our  expe r i ence  a t  s e l e c t i n g  and p red ic ing  t h e  response t o  s i n g l e  
exposures o f  T B I .  
The l a t e  r i s k s  of TBI i n c l u d e  t h e o r e t i c a l  o r  p o s s i b l e  r i s k  of  a c c e l e r a t i o n  
of  t h e  onse t  of t h e  b l a s t  c e l l  cr is is  o r  c a t a r a c t  formation. 

w i th  gene ra l  a n e s t h e s i a  p l u s  t h e  r i s k s  of thrombosis o r  abnormal c l o t t i n g  
a s s o c i a t e d  wi th  t h e  p o s t  splenectomy thrombocytosis. 
The l a t e  r i s k s  of splenectomy i s  a p o s s i b l e  decreased r e s i s t e n c e  t o  
i n f e c t i o n  o r  o t h e r  y e t  unknown o r  unan t i c ipa t ed  r i s k s  o f  splenectomy 
s p e c i f i c a l l y  i n  t h i s  d i s e a s e .  

B. The e a r l y  r i s k  o f  splenectomy i s  t h a t  a t t e n d i n g  any major abdominal su rge ry  

5 .  The b e n e f i t s  a n t i c i p a t e d  from t h e  splenectomy a t  t h i s  stage in CGL i n c l u d e :  
1) El imina t ion  of t h e  e n l a r g e d  s p l e e n  which o f t en  causes discomfort  and o t h e r  
symptoms, 2)  E l imina t ing  r i s k s  o f  s e r i o u s  complications,  s p e c i f i c a l l y  r e l a t e d  
t o  t h e  l a r g e  s p l e e n ,  v i z . ,  s p l e n i c  i n f a r c t i o n s ,  s p l e n i c  r u p t u r e  and hyper- 
sp l en i sm,  3) p o s s i b l e  subsequent  easier management o f  the CGL and 4 )  p o s s i b l e  
l o n g e r  s u r v i v a l  o r  prolonged r e m i s s i o n s .  

The p a t i e n t  assumes r e s p o n s i b i l i t y  t o  cover  the c o s t s  of t h e  s u r g e r y  and 
h o s p i t a l i z a t i o n .  . 

6 .  The p a t i e n t  has t h e  r i g h t  t o  withdraw a t  anytime from the  s t u d y ,  
7 .  

P hy s i c i a n  

WITNESS ( P a t i e n t  ) 

c 
Date 
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TO : 

APPLICATION FOR THE USE OF HUMANS As EXE'ERIMENTa SUBJECTS 

COPPIITTEE ON HUKLV STUDIES 
Oak Ridge Associated U n i v e r s i t i e s  and 
Oak Ridge N a t i o n a l  Laboratory 

Date: December 11, 1973 

P r i n c i p a l  I n v e s t i g a t o r :  

C o - I n v e s t i g a t o r s :  C. Love11 Edwards, M.D. 

F r a n c i s  A. Goswitz, M.D. 

Helen Vodopick, M .D. 
Gayle L i t t l e f i e l d ,  Ph.D. 

T i t l e  of P r o j e c t :  EFFECT OF SPLENECTOXY AND TOTAL-BODY IRRADIATION ON 
ONSET OF BLAST CRISIS AND SURVIVAL I N  CHRONIC 
GR4NULOCYTIC LEUKMIA 

I. O b j e c t i v e s  of Experiment: 

A .  Background and i n t r o d u c t i o n :  
Hahnemann H o s p i t a l  i n  P h i l a d e l p h i a  have r evea led  t h a t  p a t i e n t s  who 
have been  sp lenec ton ized  are e a s i e r  t o  manage when the  b l a s t  crisis 
ensues  t h a n  those  who are n o t  splenectomized.  One exp lana t ion  f o r  
t h i s  f a c t  i s  t h a t  t h e  s p l e e n  becomes extremely l a r g -  and o f t e n  under- 
SDes i n f a r c t i o n  i n  t h e  b l a s t  c r i s F s .  This  can cause seve re  p a i n  and 
- 2 c z p a c i t a t e  t h e  p a t i e n t .  A t  t h e  sam2 t i ne ,  th2 p a t l e n t ' s  me tabo l i c  

P r i o r  s t u d i e s  a t  N I H  and a t  t h e  

-- -=:.s i n c r e a s e s ,  and t h e r e  i s  i n c r e a s e d  weight  l o s s  due t o  t h e  hyper- 
-= - , -aSol isn - engendered by t h i s  e n l a r g e d  o rgan  and by i t s  pressure on 
- -  , I j a c e n t  g a s t r o i n t e s t i n a l  o rgans .  For t h i s  r eason ,  soze c l i n i c i a n s  
5aTc c o n s i d e r e d  splenectoFy t o  b e  i n  o r d e r  p r i o r  t o  th2 o n s e t  or' t h e  
b h s t  cr is is  merely t o  make t h e  remaining t i m e  f o r  t h e  p a t i e n t  more 
t o l e r a b l e  and t o  a l low t h e  p a t i e n t  t o  remain azbulatory f o r  a l o n g e r  
p e r i o d  of t i m e  a f t e r  o n s e t  o f  t h e  b l a s t  cr is is  (Brodski e t  a l ,  B r i t i s h  
J o u r n a l  Haematology , Volum 22 : 1 7 9 ,  1972)  . Howver i t  has  becom 
a p p a r e n t  t h a t  w i t h  t h e  use of d rugs  e f f e c t i v e  i n  t h e  therapy of a c u t e  
mye locy t i c  leukemia r emis s ions  i n  t h e  b l a s t  cr is is  can occur.  P r e s e n t l y  
a l a r g e  scale s tudy  i s  being done i n  t h e  Eas t e rn  Coo?srat ive Oncology 
Group t o  de t e rmine  whether o r  n o t  splenectomy,  wi th  o r  w i thou t  i n t e n s i v e  
combinat ion chemotherapy, u t i l i z i n g  newly acquired drugs might de l ay  t h e  
o c c u r r e n c e  of t h e  b l a s t  crisis and thus  prolong the  l i f e  of t h e  p a t i e n t .  

Recent ly  Bayard Clarkson performed s p l e n e c  tony i n  20 p a t i e n t s  w i t h  
c h r o n i c  g r a n u l o c y t i c  l euken ia  who were i n  remissior,  ar.d had conversion 
of t h e  Ph+l ch romosox  t o  Ph-l  i n  4 c a s e s .  All 4 p a t i e n t s  have n o r m 1  
marrows w i t h  t h e  l o n g e s t  s t a t e  o f  r emis s ion  being 2 1 J 2  y e a r s  (unpub- 
l i s h e d  d a t a ) .  

A t  t h e  bledical D i v i s i o n  of Oak Ridge Associated U n i v e r s i t i e s  we have 
t r e a t e d  p a t i e n t s  w i t h  chronic  g r a n u l o c y t i c  with tcLsl-Sody i r r a d i a t i o n  
t o  c o n t r o l  t h e i r  d i s e a s e .  Since t h e  m a j o r i t y  of  oxr p z i e n t s  a l s o  d i e  

splenectomy,  w i t h  o r  without  total-body i r r a d i a t i o n ,  might a l s o  Dost- 
pone t h e  occur rence  o f  b l a s t  c r i s i s .  

, froin t h e  b l a s t  c r i s i s ,  we would l i k e  to  d e t e r n i n e  w'nzther o r  not 
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suppyess ion  and a f t c r  mc w i l l  dctcr.7.ir.c irnunoZloau1ir.s  Z A ~  dctc;-r.inc 

t h c  d e z r e c  oL i r : xunosu~ l~ rcs s ion  by s!:in tcsts. 

5 ,  SCILXTIFIZ C2SE?V?.TIG:iS: Tke s u c c e s s  of the grnr ' t  w i l l  3c c c s s u r c d  

by the Z o ~ l o ~ . v i a ~  o b s c r v a t l o n s  i a  a d d i t i o n  to the c l i n i c a l  observations 

of the p a t i m t :  

1) I:e;:;at~loy;y - C3C sild p l a t c l e z s ,  r e t i c u l o c y t e  c o u : t s  d i f r c r e c t i a l  

coun t s  on t k e  c i r c u l a t i n g  l e u k o c y t e s  end bone xarioisr aspirate. 

2 )  C g t o x c r c t i c  - Iiaryotypcs of t?le p a t i e n t s  ' c i r c u l a t i a z  1yr.pkocytes 

xxl 'SOiIC mrrow cel ls  w i l l  be eoixpar& with donor c e l l s .  

donor and r e c i 2 i c n t .  

wiiich is t e n t a t i v e l y  plnnnec! f o r  a t  i e a s t  t:?ree years ,  -e n i g h t  i;:clctie 

p t i c n t s  w i t h  a 2 1 a s t i c  a c c s i a s ,  ~ ~ c - o ~ ~ l o ~ i n o ~ a t h ~ e s  a;:d ixqt ie  dc i ic lc : icy  

d i s e a s c s .  A2proxizz te ly  3 to 5 bocc ii?a.prow t r z n s p l a n t s  pe r  y e a r  a rc  p l m n c 6  

at this t i m e ,  aiti:ocgh it  is d i l i i c u l t  t o  a n t i c i p a t e  how zany p a t i c n ' t s  w i l l  

c v c n t u s l l y  be t r e a t e d  this w y .  

A p z t i e n t  w i t h  l eukcz iz  i s  corsidcrcd a c a z d i d a t e  for a nal-row grs.-'t 
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I. 

11. Ob>ec",ives of S::?crinent : 

A .  - 1  I . l c r ~ ? e u t f c  : Develop t cc -miques  i o r  a c h i e v i n g  a l l o g e c c i c  'U0r.e zai*row 

graits irr hunacs as t r e a t K e n t  o f :  

1) p a t i e n t s  w i t k  i n c u r a b l e  hcmzto lox icz l  l f s o r d e r s  and i i x x i n o l o ~ i c a l  

d e f i c i c n c y  d i s e a s e s ,  anC 

2ersons a c c i d c n t a l l y  exposed to t o t a l - b o d y  i r r a d i a t i o n  p o t c n C i a l l y  

Le tha l  due  t o  k e a a t o l o z i c  clc?-essiox. 

2 )  

celis t ; ia t  +,d not See;? elirriinatcd by the preceding ci;e:.:othcrzpy oi- t o t a l -  
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OAK RIDGE ASSOClATED UNI!'ERSlTIES 
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P. 0. BOX 1 1 '  

O.*\K RIDGE, T E N N E S S E E  37S30 

August 1, 1972 

To : Committee on Human Studies 

A .  B. Brill 
C. L. Edwards 
M. E. Koons 
R. D. Lange 
T. A. Lincoln 
B. M. Nelson 
J. B. Storer 

The Medical Division has been carrying out a research project entitled 
"Therapeutic Allogeneic Transplantation of Human Bone Marrow. This 
is based on a very extensive write-up that was presented to the Com- 
mittee in December 1969 and approved in January 1970. The purpose of 
the present communication is to call your attention to our desire to 
extend this kind of treatment to patients with aplastic anemia and to pro- 
vide an opportunity for comments f rom the Committee. 

You will recall that the protocol involves one week of treatment with 
antilymphocyte globulin, then total-body irradiation to an air dose of 500 R 
and the inPusion of bore marrow from a selected sibling. 

So far this has been undertaken in three patients, all adults with acute 
leukemia. The first man had a distinct graft and remission but diad about 
four mmths la ter  of camplicntions oE cardiac md pxlmcnary disease with- 
out clearly demonstrable graft-vs-host reaction, and with no evidence of 
persistent leukemia detectable at autopsy. The second patient also had B 
clear-cut graft and a brief clinical remission, but within a few weeks after 
the treatment she developed a recurrence of her  leukemia which proved 
fatal. The third patient is only two weeks f rom the  time of m a r r o v  infusion. 
He is doin2 reasonabiy well. H i s  bone marrow shows erythroid regener- 
ation but the blood values do not yet demonstrate evidence of graft. 

Dr. Edwards, Dr. Gengozian, and our clinical staff wish to undertake this 
same treatment in a patient with aplastic anemia who is seriously ill and 
who has been deemed by his physicians as unresponsive to therapy. H i s  
outlook at present is considered estremely poor. It is proposed to  use 
exactly the same protocol including total-body irradiation. The reasons 
for  this are that the protocol has proved effective in achieving a graft in the 
first two patients, and it appears that this program of trcntment would d low 
a rezsmable  chance for mnintair.ing t!ie patient through ths postirradiation 
period, even if no graft were achieved. 

T>c origical proposal statcd that the pnticiits initially selected Lvould have 
nciite leukemia and later t k  program might be e?rtended to Lqclude pntieiits 
wvi::? aplastic anemia, he~no~~lohinopRthies, auld immune delicizncy diseases. 

t 1 1 3 t 8 9  - l l l O I - C  
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I With r e g a r d  t o  * t h e  s t a g e  of leukemia  we obse rved  that ir, t h e  

f i r s t  p a t i e n t  t h e r e  was no r e c u r r e n c e  of leukemia .  

c a u s e s  u n r e l a t e d  t o  h i s  l eukemia ,  and on au topsy  t h e r e  w a s  no 

e v i d e n c e  of l eukemia .  The second  p a t i e n t  ( female)  showed i n i t i a l  

a b s e n c e  of l e u k e m i a  c e l l s  from t h e  b lood  or bone marrow. However, 

a p p r o x i m a t e l y  1 0  1 / 2  weeks a f t e r  t h e  t r a n s p l a n t  s h e  deve loped  a 

sudden blast  c e l l  c r i s i s ,  s u b s e q u e n t l y  t o  which s h e  d i e d  from 

s e p t i c e m i a .  I n  t h e  t h i r d  p a t i e n t  w e  n e v e r  s a w  e v i d e n c e  f o r  a 

s u c c e s s f u l  t a k e  o f  t h e  g r a f t  and w e  n e v e r  observed  a comple t e  

d i s a p p e a r a n c e  of leukemic  c e l l s  from t h e  p e r i p h e r a l  b lood  a n d / o r  

bone marrow. 

H e  d i e d  from 
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f A.  T 5 s  donor  must be o l d  enough and large enough t o  

a s s u r e  a s u f f i c i e n t  amount o f  bone marrow for t h e  

t r a n s p l a n t  . 
B. Each p a t i e n t  s h o u l d  have a s a t i s f a c t o r y  t r i a l  w i t h  

combined c o r t i c o s t e r o i d - a n d r o g e n  t h e r a p y  w i t h  no 

e v i d e n c e  of spon taneous  r e c o v e r y  b e f o r e  a bone 

marrow g r a f t  i s  a t t e m p t e d .  



AMENDMENT # 2  TO THE PROTOCOL ON 

THEK4PEUTIC TRANSPLANTATION OF HUFL4?: BONE MARROW 

The i n d i c a t i o n  f o r  bone marrow t r a n s p l a n t a t i o n  s h a l l  be 

e x t e n d e d  f o r  p a t i e n t s  w i t h  a p l a s t i c  anemia ( i d i o p a t h i c  and  

s e c o n d a r y ) .  

b e t t e r  t h a n  t h a t  of p a t i e n t s  w i t h  a c u t e  l eukemia  w e  would u s e  t h e  

p r e v i o u s l y  a p p r o v e d  r a d i a t i o n  dose  of 500  R ( 3 7 0  r a d s ) .  But 

w e  would l i k e  t o  h a v e  t h e  o p t i o n  t o  u s e  a h i g h e r  d o s e ,  s i n c e  

p r i n c i p a l l y  t h e  same a rgumen t s  w i t h  r e g a r d  t o  HL-A a n d  MLC m a t c h i n g  

a p p l y  t o  t h e s e  p a t i e n t s .  

g r a d u a l l y  increase t h e  r a d i a t i o n  d o s e  f o r  t h e s e  p a t i e n t s  and  

e v a l u a t e  t h e  f e a s i b i l i t y  o f  h i g h e r  r a d i a t i o n  d o s e s  ( u p  t o  8 0 0  r a d s )  

for t h e s e  p a t i e n t s  w i t h  r e g a r d  t o  t o l e r a n c e  and  s i d e  effects  as w e  

go a l o n g .  

For t h o s e  p a t i e n t s  whose p r o g n o s i s  i s  p o t e n t i a l l y  

However, w i t h  a p p r o v a l  w e  would l i k e  t o  

A s a t i e n t  w i t h  a p l a s t i c  a r - en ia  i s  c o n s i d e r e d  t o  be a c a n d i d a t e  

for a marrow g r a f t  o n l y  i f ;  

A .  H e  h a s  a t  l e a s t  one  l i v i n g ,  healthy s i b l i n g ,  or p a r e n t ,  

who c o u l d  be  a d o n o r .  

B .  The p a t i e n t ,  p a r e n t ,  or o t h e r  i n v o l v e d  f a m i l y  members 

a g r e e  i n  p r i n c i p l e  and a r e  w i l l i n g  t o  p a r t i c i p a t e  i n  

t h e  e f f o r t  a f t e r  a t h o r o u g h  e x p l a n a t i o n  o f  t h e  

p r o c e d u r e .  

The p r e - s e l e c t i o n  l a b o r a t o r y  s t u d i e s  s h a l l  be  t h e  same as 

i n d i c a t e d  on page  2 and 3 o f  t h e  o r i g i n a l  p r o p o s a l  for bone marrow 

g r a f t i n g  i n  man. 

C o n d i t i o n s  t o  be m e t  i n  p a t i e n t s  w i t h  a p l a s t i c  anemia and 

p o t e n t i a l  r e c i p i e n t s  of a l l o g e n i c  bone marrow g r a f t s :  
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t o  a c c e p t  a n  a l l o g e n i c  bone marrow g r a f t  w i t h  t h e  a n t i g e n i c  d i f -  

f e r e n c e s  i n  t h e  HL-A s y s t e m .  I n  r e t r o s p e c t  i t  may h a v e  been  wise 

t o  h a v e  u s e d  a h i g h e r  r a d i a t i o n  d o s e  b e f o r e  t h e  t r a n s p l a n t .  

With t h e s e  o b s e r v a t i o n s  i n  mind ,  w e  s h o u l d  l i k e  t o  increase  

t h e  r a d i a t i o n  d o s e ,  e s p e c i a l l y  i n  cases where  m o r e  immunosuppress ion  

seems t o  be  i n d i c a t e d .  Of c o u r s e ,  a n  a l t e r n a t i v e  would be  t o  i n c r e a s e  

t h e  d o s a g e  of  a n t i - t h y m o c y t e  g l o b u l i n  and  e x t e n d  t h e  immunosuppres- 

s i v e  t h e r a p y  b e f o r e  t h e  t r a n s p l a n t  and i n t o  t h e  immediate p o s t  

t r a n s p l a n t  p e r i o d .  T h i s ,  however ,  would n o t  b e  d e s i r a b l e ,  s ince  

t h e  b i o l o g i c a l  a c t i v i t y  of  a n t i - t h y m o c y t e  g l o b u l i n  m i g h t  i n t e r f e r e  

w i t h  t h e  s u c c e s s f u l  e n g r a f t m e n t  of t h e  bone marrow t r a n s p l a n t .  We 

t h e r e f o r e  would p r e f e r  t o  i n c r e a s e  t h e  i r r a d i a t i o n  d o s e ,  s i n c e  t h e  

immunosuppress ive  a n d  t i s s u e  t o x i c  e f f e c t s  o f  t h e  i r r a d i a t i a n  z n e  

l i m i t e d  i n  t i m e  and s h o u l d  n o t  i n t e r f e r e  w i t h  t h e  g r a f t .  

g a t o r s  i n  o t h e r  c e n t e r s  r e p o r t  t h e  u s e  o f  ~2 t o  1 , 0 0 0  r a d s  i n  

p r e p a r a t i o n  of  p a t i e n t s  €or bone  marrow g r z f t i n g .  

t h e  d o s e  r a t e s  a t  which  t h e s e  i r r a d i a t i o n s  a re  p e r f o r m e d  a re  much 

l o w e r  t h a n  t h e  dose  r a t e  w e  u s e .  

would have  t o  be  r a i s e d  t o  a p p r o x i m a t e l y  8 0 0  r a d s  a t  4 0  R p e r  

m i n u t e  t o  be comparab le  t o  1 , 0 0 0  r a d s  a t  5 3  p e r  m i n u t e .  

l i k e  t o  i n c r e a s e  o u r  i r r a d i a t i o n  dose  U D  t o  a l e v e l  of  8 0 0  r a d s .  

The a d v a n t a g e  of u s i n g  a h i g h e r  i r r a d i a t i o n  d o s e  would b e  g r e a t e r  

immunosuppress ion  which  a p p e a r s  t o  b e  needed  f o r  p a t i e n t s  who have  

a d o n o r  who i s  l e s s  t h a n  HL-A i d e n t i c a l  (B, c or p o s s i b l e  D m a t c h e s ) .  

But e v e n  f o r  l e u k e m i c  p a t i e n t s  w i t h  a n  HL-A i d e n t i c a l  donor  g r e a t e r  

immunosuppress ion  would be  d e s i r a b l e  s i n c e  HL-A t y p i n g  a n d  MLC d o e s  

n o t  seem t o  d e t e c t  a l l  h i s t o c c m p a t g b i i i t y  d i f f e r e n c e s .  

I n v e s t i -  

I n  t h e s e  ce r t e r s  

Comparing d o s e  r a t e s ,  o u r  d o s e  

We would 

S i n c e  t h e  
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

To : COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date19 Dec. 72 

Principal hveetigator: Ne Gengozian 

Co-Investigators : C. Lowell Edwards 

Helen Vodopick 

K a r l  Hubner 

Title of Project: Therapeutic Allogeneic Transplantation of Human Bone 
Marrow: (1) Request to increase radiation dose (2) 
Reuuest to include patients with aplastic anemia. 

U s e  Following Format (Submit Original and 8 Copies) 

I. Objectives of Experiment: 

(Include statement why experiment must be done in humans, and 
expected benefits from the knowledge.) 

II. Methods of Procedure: 

Brief description of methods, all medications including name and 
dose range, number and types of subjects anticipated, time for 
single session, total number of sessions, total duration of study, 
methods used to screen subjects, etc. 

m. Possible Hazards and their Evaluation: 

W. Radioisotopes and New Drugs 

If the study involves radioisotopes, indicate action of the Isotopes 
Committee. If new drugs a re  involved, indicate that appropriate 
application to FDA has been made. 

See page 2 
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C .  L~5ora to ry  S t ~ c i e s  (see cosy a.;tx!xd arotocol). 
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No. 10 Studies of TBI in Patients with Hematologic Disorders 

With the closing of the clinical facility, the therapeutic total- 
body irradiation project was discontinued after a total of 194 patients 
received exposures of 50 R to 250 R in METBI o r  LETBI. See 1973 
Research Report ORAU-123, page 5, and an updated Table 1. These 
patients a r e  no longer being followed at ORAU. The data are being 
compiled for publication. 
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Application for use  of humans as experimental subjects Page 2 

III. Methods of Procedure: 

Brief description of methods, all medications including name and 
dose range, number and types of subjects anticipated, time for single 
session, total number of sessions, total duration of study, methods 
used to screen subjects, etc. (Use additional blank pages if needed.) 

R a d i o i s o t o p e  : 

32P-DFP ( d i i s o p r o p y l  f l u o r o p h o s p h a t e )  w i l l  be used  t o  l a b e l  
t h e  g r a n u l o c y t e s  a c c o r d i n g  t o  t h e  p rocedure  d e s c r i b e d  by 
Athens  and  co-workers  (Blood 14:303, 19591. Both i n  v i t r o  
and i n  v i v o  l a b e l i n g  of g r a n u l o c y t e s  w i l l  be performed.  With 
t h e  i n  v i t r o  method, 30-40 m i c r o c u r i e s  of 32P and 120-150 
micrograms of DFP are  added t o  a t r a n s f u s i o n  pack c o n t a i n i n g  
3 0 0 - 4 0 0  m l  o f  blood which i s  t h e n  g i v e n  i n t r a v e n o u s l y  t o  t h e  
p a t i e n t .  I n  v i v o  l a b e l i n g  o f  g r a n u l o c y t e s  i s  accom l i s h e d  
by t h e  i n t r a v e n o u s  i n j e c t i o n  o f  4 0 0  m i c r o c u r i e s  of f;2P and 2 mg 
of DFP. 
r e p o r t e d  i n  t h e  l i t e r a t u r e .  

Both of t h e s e  methods have  been used e x t e n s i v e l y  and 

( c o n t  h u e d  1 

IV. 
R a d i a t i o n  Dose: 

Possible hazards and their evaluation: 

R a d i a t i c n  dosage a f t e r  t h e  i n  v i t r o  t y p e  sf s t u d y  i n  normal  
s u b j e c t s  h a s  been r e p o r t e d  by Mauer and cz-workers  (J. C1. 
I n v e s t .  3 9 : 1 4 8 1 ,  1960). I t  w a s  found tha: t h e  32P-DFP w a s  
bound f i r m l y  t o  erythrocytes,leukocytes, ? l a t e l e t s  and  plasma 
p r o t e i n s ,  and t h e r e f o r e  3 0  m i c r o c u r i e s  of i s o t o p e  were 
d i s t r i b u t e d  p redominan t ly  i n  t h e  b lood  e s t i m a t e d  t o  be 5 kg 
w i t h  l i t t l e  r a d i o a c t i v i t y  r e a c h i n g  t h e  bcr,e marrow o r  o t h e r  
t i s s u e .  
w a s  s t u d i e d  and 4 0 %  of  t h e  a d m i n i s t e r e d  dose appea red  i n  t h e  
u r i n e  w i t h i n  t h e  f i r s t  3 h o u r s  a f t e r  i n f u s i o n  of t h e  l a b e l e d  
b lood .  They s t a t e d  t h a t  t h e  b i o l o g i c  h a l f - l i f e  of 32P w a s  
app rox ima te ly  6 days  and e f f e c t i v e  h a l f - l i f e  w a s  4 . 4  d a y s .  
The i n f i n i t e  dose  of r a d i o a c t i v i t y  a d m i n i s t e r e d  t o  b lood  w a s  
c a l c u l a t e d  t o  be abou t  5 6 0  m i l l i r a d s .  T h i s  d o s e  d i d  n o t  t a k e  
i n t o  c o n s i d e r a t i o n  t h e  e x c r e t i o n  of  32P-Dr'P by r o u t e s  o t h e r  
t h a n  t h e  k idneys .  

I n  t h r e e  s u b j e c t s ,  u r i n a r y  e x c r e t i o n  of r a d i o a c t i v i t y  

Athens and co-workers (Blood 1 4 : 3 0 3 ,  1959) c a l c u l a t e d  r a d i a t i o n  
dose  a f t e r  i n  v i v o  a d m i n i s t r a t i o n  of  a maximum of  4 0 0  mic ro -  
c u r i e s  of 32P-DFP and  r e p o r t e d  t h a t  "a 7 0  kg man would r e c e i v e  
0 . 2 4  e q u i v a l e n t  r o e n t g e n s  on t h e  f i r s t  d a y  and 9 . 0 4  e q u i v a l e n t  L r o e n t g e n s  t o t a l  dose . "  
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11. O b j e c t i v e s  of Exper imen t  ( c o n t i n u e d ) :  

A p p l i c a t i o n  of t h i s  i n f o r m a t i o n  for t r e a t m e n t  of h e m a t o p o i e t i c  
d i s o r d e r s  w i t h  i r r a d i a t i o n  would b e  t h e  u l t i m a t e  a i m .  I n  
a d d i t i o n ,  mechanism of WBC i n j u r y  by i r r a d i a t i o n  may be b e t t e r  
d e f i n e d .  
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C a d i t i o n s  20 52 ne-; in chiLd:sz ;.iith a c u t e  1cG:ie:ilj.a: 

a )  Tkc d 0 2 G i -  nust be o l d  and large cnougil (aap:-oxi:nntel;r 1 0  to 12 ye-rs 

012 or 70 to 30 pounds) SO 2rl adequate  nuzber  of  3al-row ce l l s  c m  be 

o b t ~ i n e i i  l o r . t r a n s ? l a n t a t i o n ,  

b) The recipient should be a t  t h e  end of t h e  secozc! r e x i s s i o n  oi Lis 

d i s e z s c  befoye t r a n s ? l a n t  w i l l  be nttte;;.ptcd, 

i f  two drugs o r  d r u g  c o n b i m t i o n s  f a i l e d  t o  produce an i n i t i a l  r ea i s s io r . .  

~ rans2 :zn t  is also consic!ered 



S;Jecial  2 rscaGt iozs  v i l l  be taken to avoid  n i c r o b i c b i a l  contai:.haticrb of 

the p-Ticnt da r ing  tile t x n s p o x  t o  and f r o m  the i r r a d i a t i o n  facility as 

wcll as d U i 5 T . z  t h e  i r m d i n t 5 o n .  Ti?c p t i c n t  w i l l  be covercd nit :? s c c -  A i l e  

s h c c t s  2nd \*fear a s u r z i c a l  face mas:: at a11 tiaes t h a t  he is  outs ic ic  the 

ir;,i~a:- F~oY,~:  i*- u r . ~ c .  2 - I m s d i z t c l y  a f t e r  :-e:cm to t h e  L a 5 i n a r  920.:: Unit, 

s;;eci;-:..cns :or  b a c t e r i a l  culturcs :vi11 be t aken  Lrox t h e  pz'cicct 's Lsce ( s k i n ) ,  
:.xi 

i l Z i * C S  , / 2 h r 0 ~ t .  
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of h l i f o m i a  
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ARTICLP XrlV - DEFINITXOBB 

1. ?!le W o n t n e w  0tti-P .I WOd h0-b 
hall mean the Contracting Officer who executed this contract 
(I54 IhaU include h i 8  duly appointed repreeentatiro. 

8. me teras  waoretary of XOSF and "chior or 
B43ip..rer ahall include t h e i r  dulJ authorized representatives ,  
u tho a a w  u y  be, otrhor U u a  t b  (I+trtracting Offieor. 

3, The t e r n  "hie duly  authorizd representativem 
8hUl moan any poruba or board authorieod by tho S o o n t q  
o t  s u  or tha Q h i o t  o t  &@.nears as the case map be, t o  a c t  
tor U+ mor *baa -mat& Otfl8W. 

a' 



I hereby oartity tha$ t o  t h e  best Of my knowled@ 
and be l io t ,  baaed ppon obserdion ud b q w ,  

h M l V l d U a l  Who 8i-8 8m2.r - * - U t 8  00 b&f Of t b i 8  

who aimed th i8  oontract for the 
hac a u t h o r i t y  t o  execute the 6 ~ 4 ~ ~ 9  and i s  the  

corporatioxi with tha gubllQ generally. 
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2. A O w 6 r  t o  Reoorda by COntmatlM O t t 1 O s r  md 
Contraotor. 
affordod proper froilltiem ror larpootion of tho mrk tmd 

Th 0 Contraotlng Offloor rhall  a t  a l l  tl mar bo 

The Contractor hereby agroem that it ril l  

(a) Prooure and malntain bondr (other than pox- 
formno. bandr) anb lnauranoe if 0 b t a l m b ~ 0  ln muah mma 
and la ruoh amount6 and t o r  suoh period8 of time 61 tho 
Contrautiw Oif loor  m y  approve or require. Inrumnos, it 
obtrhable ,  shall OOVOF nor& nqulrod by t h l r  c o n t n o t ,  
rogarUlor8 or rhothor I t  is psrr0m.d by the Contraator'r 
ma forces or i t 8  suboontmotorr a t  tho r i to  of the labora- 
tory. 

si 
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( a )  &tor into no rubaontraot~~ for any portlon o r  

f l o o r .  Subaontnctr aro datlnad a r  oontreotr eatoroQ Y nto Or- ; 
tho  worb axoapt in tho form approved by tha Coatnoti 

by tha Contraotor with o t b o r r  r h l o h  lavolra the  per formoo  J 
In wholo or in  part a t  tho mlto o t  tho work, of 810 par$ 
of tho work do8orib.6 l a  U a l m  aontr8oD. 

.4-- 8' 
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W -.tor rrvrrrwta U t  ho h a  60% -1- 
any pirson to a licit or aocuro t h i r  o o n t n a t  upon any 
agreement tor a aom~ie81on poreontag., brokorago w 0011- 
tingent too .  Broach of th!* n r m t y  o h a l l  g?t*  the  OOternc 
aent the  right t o  t a r n b a t 0  tho maatmot,  Dr i n  i t 8  di- 
t lon,  to deduot f r o m  paymentr due the Contraator the a m o m  
of  euch comnlsaion, peroentage, brokewe  or oontlngont he. 
This Warraiity shall n o t  8p?lp  t o  WnU5i88iona p.wb10 bl the 
Oonff.ator upon o o n t r a o t r  o r  r a l s s  seourod or -do t h r o w  
bona fide eatablfshed oomerolal  or rol l ing agenalss =in- 
h i n d  by t h o  Contractor tor tho purpore of r e d w i n g  h a l a o r r e  

Meither t h i s  o o n t r a o t  no r  any l n ' a r e s t  t h e r e i n  or 
OLSP th8nFIPQar ahall k Urn- 01 8nur.C- by 6b# 
Contmator t o  any party OT p a r t l o m e  
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V A N  D E R B  I L T  U N I V E R S  I TY 
N A S H V I L L E ,  T E N N E S S E E  3 7 2 3 2  T E L E P H O ~ E  3 2 2 - 7 3 1 1  A L E A  6 1 5  

DivrJion of N u ~ l t ~ ~ r  Mtdrcrne 'i!T hgphysrcJ . Sc/.oo/ of .\ledrcrnc - Direct phone 322.2394 

,f 

February 6 ,  1973 

Dr. G .  A.  Andrews 
Oak Ridge Associated Universi t ies ,  Inc. 
P . O .  Box 117 
Oak Ridge, Tennessee 37830 

Dear Andy: 

Thank you very much fo r  your l e t t e r  supporting the appointment of 
Gene Johnston. 

/ 

I'm sorry t h a t  I 've  been s low i n  responding t o  your request fo r  a 
review of the minutes of the meeting o f  the Committee on Human Studies. 
I have gone over the proposals and the comments raised i n  the meeting. 
I concur w i t h  the judgment  o f  those present in a7 7 cases and would 1 i ke 
to  go on record as approving the decisions reached on each case. I do 
have the same reservations concerning proposal t13 as were expressed in 
the meeting concerning the use of hazardous therapy in patients with 
ap las t ic  anemia. I think i t  will  be important t o  review the resu l t s  of 
the f i r s t  s ix  t o  twelve cases i n  comparison t o  what might have been ex- 
pected for  other currently accepted means of therapy o f  t h i s  disease. 

I'm sorry I wasn't able t o  be a t  the meeting and apologize for  the l a t e -  
ness o f  my response. With best personal regards. 

Sincerely yours, 

A.  B .  Brilb,  M.D. 
Director, Division of Nuclear Medicine & Biophysics 

ABB : ce 



OA. RIDGE ASSOCIATED UNIVE ITIES 
INCOitPOR..\TED 

P. 0. BOX 11' 

OAK RlDGE, TENNESSEE 37530 

14 December 72 

- T o :  Committee on Human Studies 

A. B. Brill 
C. L. Edwards 
Melvin Koons 
R. D. Lange 

JohnB. Storer 
T. A. L ~ R c o ~ R , ~ - , , ~  

Subject: Agenda 
Meeting of Committee on Tuesday, 19 December 72 
9:00 a.m. 
Second Floor Conference Room, ORAU Medical Division 

Proposals to be considered: 

Proposal No. Title 

13. Amendments No. 1 m d  No. 2 to proposal: Therapeutic 
allogeneic transplantation of human bone marrow. 

20. Use of a radioprotective drug in radiation therapy: 
Metabolism of 35S labeled WR 2721. 

21. Mechanism of immunotherapy of human and animal cancers 
by intralesional injection of Mycobacterium Bovis (BCG). 

Comparison of lllIn, 67Ga, and 206Bi a s  tumor scanning agents. 22. 

23. Evaluation of heart  and lung by the use of an external radioisotope. 

24 . Human performance testing of cancer patients as controls for 
a study of uremia. 

25. Clinical testing of 85mSr as a bone scanning agent. 

Tracer  studies on 47Sc. 

Application of a computer-interfaced gamma-ray spectrometer 

I - - - -  Y,iJ Lf Lc;-l e, 
27. 

. for dynamic function tests. 

. . 
Review of ongoing projects. 

G. A. Andrews 
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. Minutes of the Meeting of the Committee on Human Studies 
2nd Floor Conference Room, Medical Division 

19 December 1972 

The meeting convened at 9:00 a.m. and adjourned at 12:30 p.m. Those present 
were : 

Committee 
G. A. Andrews 
C. L. Edwards 
Melvin Roons 
Robert D. Lange 
T. A. Lincoln 
John €3. Storer 

Absent: A. E. Brill 
(Bill Nelson) 

V i  sitinp Investigators 
R. L. Hayes 
Lee Washburn 
John Yuhas 

Dr. Andrews stated that proposals involving new isotopes had not been passed on 
by the ORAU Isotopes Committee, but that this would be done before any research 
is activated on these projects. 

Proposals considered were : 

Proposal No. 27 - "Preclinical Studies of the Application of a Computer - Interfaced 
Gamma-ray Spectrometer for Dynamic Function Tests, " - Kim 
Goswitz, Shafroth, Morris. 

The committee discussed the proposal, saw no problems, and it 
was approved. 

Proposal No. 13 - "Therapeutic Allogeneic Transplantation of Human Bone Marrow, " - 
Gengozian, Edwards, Vodopick, Hubner. 

Two Amendments to this proposal were presented. Amendment No. 1 
dealt with a request to increase the radiation dose; Amendment No. 2 
proposed to include patients with aplastic anemia. 

This proposal was first approved by the committee in 1967; it was 
reviewed again in &uary 1970, and was reported upon at subsequent 
meetings of the committee. The two amendments presented at this 
meeting were widely discussed. It w a s  recognized that the radiation dose 
used here is less than the doses used at other places. Dr .  Edwards 
reviewed the three cases treated with this protocol and said that the lack 
of difficulties attributable to radiation %jury was impressive and no 
problems were encountered in keeping the patients alive. H e  would like 
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to increase the radiation dose, as outlined in Amendment 1, especially in cases 
where more immunosuppression seems to be indicated. He proposes to increase 
it up to approximately 800 rads at 40 R/min, to be comparable to 1 ,000  rads at  
5 R/min. In discussion there was hesitance to go directly to the highest level 
and it was agreed to advance by increments - for example, to 500 R, 600 R, and 
800 R. 

Amendment No. 2, to include patients with aplastic anemia, was discussed at 
length. Dr. Lange pointed out results of E. D. Thomas, et al., which suggest that 
Cytoxan might be a better immunosuppressive agent than radiation. Edwards 
responded that these results were based on a comparison with low dose-rate ir- 
radiation, believed less valuable than what ORAU uses. Consideration was given to the 
potential spontaneous recovery in some cases of aplastic anemia which makes hazard- 
ous treatments need even more careful consideration than in leukemia. The com- 
mittee approved the proposal, with the stipulation that Ff results in the first six cases 
or so should appear poorer than those obtainable withCytoxan, reevaluation should be 
made. 

A long discussion was held on donor selection and tissue typing. 

Proposal No. 20 - "Use of Radioprotective Drugs ' Radiation Therapy: Phase I 
Studies -- The metabolism of "S labeled S-2-(3-arninopropyl- 
amino) ethyl phosphorothioic acid in humans, " - Edwards, 
Yuhas, Washburn, Comas. 

L This proposal was discussed especially from the point of view that the initial patients 
would be volunteers who would have nothing to gain from the procedure and would 
need to be fully informed of this. It was pointed out that no enzyme measurement or 
tests of kidney or  liver function were planned according to the proposal; Dr .  Edwards 
agreed that the latter, at least, should be included. There was a question about 
whether a patient might be used more than once, perhaps at different dose levels, and 
would this be appropriate? Edwards said that because of our small number of avail- 
able patients, we would like to do this in some cases. The committee's view was 
that repeated studies in the same patient should not be prohibited, but that due care 
should be given to the implications of this in each patient, both for the scientific study 
and for the s t ress  or inconvenience to the patient. 

The committee expressed general approval of the project in the proposal but at Dr. 
Edwards' suggestion, withheld specific approval pending submission by mail of new 
version of the proposal including the above points and also samples of consent forms 
and statements of the information to be given to patients, including the specific 
number of blood samples, etc., required. 

Proposal No. 21  - ''Mechanism of Immunotherapy of Human and Animal Cancers by 
Injection of Mycobacterium Bovis (BCG), '' - Hanna, Hubner, 
Gengozian, Solomon, Krauss. 

This proposal was approved without reservation. It was suggested that for clarifi- 
cation, it might be stated that Paragraph D on Page 9 refers to the possibility of 
clinical infection with the organism (BCG) used for immune stimulation. If such 
infections do occur they a re  said to be easily treatable. L 
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Review of Ongoing Research Projects: 

Proposal No. 

1. Clinical Trials of '13hm as  a Kidnev and Bone-scanning 
Agent. Not activated. 

5. Use of Radioiodine in Surgical Removal of Thyroid Cancers. 
We are  still seeing an average of one new thyroid cancer 
patient a month. Standard protocol is followed, using 
radioiodine for identification of tumor, and treatment is 
carried out when feasible. It has been a successful protocol; 
not a death in years. 

8. 

9. 

10. 

12. 

13. 

Studv of Granulocvte Kinetics in Myeloproliferative Disorders. 

A report was published on cycling of white cells on chronic 
granulocytic leukemia. No  further work on this has been done 
during the last twelve months. 

Tumor Scanning with 67Ga. 

Since the Committee last met, we activated 2 protocols with the 
Cooperative Group to Study Localization of Radiopharmaceuticals. 
Over 1,000 cases have been reviewed; large bulk of these were 
Hodgkin's disease, lymphoma, and cancer of the lung. The group 
is now divided into subcommittees to work at different tumor 
types. or. Edwards w x k s  with the Hodgkin's group.) The data 
is now being looked at and a Teport will be written early next year. 

Studies of Total-Body Irradiation in Patients with Hematologic 
Disorders. 

We have treated probably 20 patients with total-body irradiation. 
Most had CLL, CGL, or polycythemia vera. One had hemorrhagic 
thrombocytosis and one disseminated lymphosarcoma. Work is 
being done on fractionation procedures aimed at giving continuous 
control. Results this past year have been relatively gratifying. 

Scanning Tumors of Retroperitoneal Lymph Nodes after 
Intralymphatic Injection of Radioactive Gallium. 

1 

Six or seven patients were originally studied with disappointing 
resulrs; nothing has been done since last report to Committee. 

Therapeutic Transplantation of Allogeneic Human Bone Marrow. 

Three patients were  subjected to this protocol. Quite a number 
of cases w e r e  tested and not used. Report was sent out. 
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Review of ongoing projects cont'd. 

Proposal NO. 

15. Histologic Changes in the Skh Related to the Graft-Versus- 
Host Reaction after Marrow Transplantation. 

With Dr.  Nelson away, nothing has been done on this s i x e  
the last report. 

16. 

1z 

18. 

19. 

Chanpes in Blood Enzyme Levels Following Exercise and/or 
Total-Body Irradiation in Man. 

This project is continuing on selected patients; summary of 
results will be sent to Committee. 

Chromosomal Breakzqes in Fibroblasts from Women Taking 
Oral Contraceptives. 

Completed. Did get a few skin biopsies without complication. 
Report is being written. Summary of results to be sent to 
Committee. 

Scandium- Augmented Gallium Localization in Tumors. Phase I 
and Phase I1 Studies. 

This study is in abeyance because a brief transient hemolytic 
anemia was produced in one patient at a dose of 0.125 mgm/kilo. 
Prolonged in vitro studies with red cells tend to confirm that 
this is a scandium effect and that human red cells behave differently 
from those of other species. This is an interesting basic point that 
is being explored. The Committee will be consulted before any 
further scandium is given to patients. 

Regulation of Granulopoiesis. 

Dr.  Vodopick is now ready to commence her studies on normal 
volunteers as  initially proposed. ( A s  yet no human samples b o 3  
been used .) After finishing studies on normal volunteers, 
patients with myeloproliferative disorders will be studied. 
Initially, 50 ml or  less samples of whole blood will be needed, 
but this will vary according to the individual's blood count. Prior 
approval from the Committee will  be sought before we proceed to 
other experiments in which larger volumes of blood or  plasma are 
needed. 
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We had not sent in, until very recently, the request to be given a 
"general" assurance from NIH, but we do plan to attempt to 
arrange this type of assurance. Presumably this will lessen the 
paperwork on individual NIH-supported proposals. 

Item 5 .  Ongoing Research Projects 

The following l ist  of ongoing research projects and comments was 
distributed : 

Ident.' No. 
1, Clinical Trials of Il3Inm as a Kidney and Bone-Scanning Agent. 

In abeyance - no recent work. 

5 , U s e  of Radioiodine in Suraical Removal of Thyroid Cancers. 
Few patients being added. 

4 , Study of Granulocyte Kinetics in Myeloproliferative Disorders. 
Continuing. 

9 . Tumor Scarmind with Gallium-67. Very active. Many patients being added. 
No untoward reactions of any sort are being encountered. 

10'. Studies of Total-Body Irradiation in Patients with Hematologic Disorders. 
Continuing. More patients being given small intermittent doses at intervals 
of a few weeks to achieve smoother suppression of hematologic disorders. 

. Scanning Tumors of Retroperitoneal Lvmph Nodes after Intralymphatic 
Injection of Radioactive Gallium. In abeyance. Early results not promising. 

, Therapeutic Transplantation of Alloieneic Human Bone Marrow. 
Recent graft given December 2 with successful take. Possibility of treating 
aplastic anemia has been considered. Also the possibility of using for a 
leukemic patient a donor younger than prescribed. If either of these becomes 
a likely eventuality, we will communicate with the committee in advance. 

15,. HistoloEic Changes in the Sldn Related to the Graft-Versus-Host Reaction 
after hb r row Tr,ulspl;Lntation. No recent data collected but project considered 
active. 

16'. Changes in Blood Enzyme Levels Fdlowinz Exercise and/or Total-Bodv 
Irradiation in Man, Active. Special resuscitation equipment has been obtained 
according to recommendations of committee. 

Chromosomal Breakaces in Fibroblasts from Women Takinz Oral Contra- 
ceptives, Active. Drs. Edwards and Hubner are supervising skin biopsies. 

l?, , 

I I / : - i 4 0  

There were brief comments about the possibility that the marrow graft 
procedure (No.13) might be extended to other types of patients, or might 
involve younger donors than had been envisaged. We indicated that we 
would communicate with the committee if we felt at  any point that such 
a change should be undertaken for a specific case. 



Status of Ongoing Approved Projects 

31 January 1972 

8' . 

/ c, 
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1. 

2. 

3 .  

4. 

5 .  

6. 

7 .  

8. 

9. 

10. 

Clinical Trials  of 113Inm as a Kidney and Bone-Scanning Agent. 
In abeyance - no recent work. 

U s e  of Radioiodine in Surgical Removal of Thyroid Cancers. 
Few patients being added. 

Hft~, L-J 

Study of Granuloc-yte Kinetics in Myeloproliferative Disorders. 
Continuing. ~ ' c d ~ ) ~ - .  c r r  

Tumor Scanning with Gallium-67. Very active. Many p a t i y t s  being added. 
No untoward reactions of any sor t  are being encountered. - ' 4. * 

Studies of Total-Body Irradiation in Patients with Hematologic Disorders. 
Continuing. More patients being given small intermittent doses at intervals c 
of a few weeks to  achieve smoother suppression of hematologic disorders. 1 ~ '  2 ~ - . -  - 

Scanning Tumors of Retroperitoneal Lvmph Nodes after Intralvmphatic I t  
Injection of Radioactive Gallium. In abeyance. Early results not promising. 

Therapeutic Transplantation of Allogeneic Human Bone Marrow. -' - 
Recent graft given December 2 with successful take. Possibility of treating 
aplastic anemia has been considered. Also the possibility of using for a 
leukemic patient a donor younger than prescribed. If either of these becomes 
a likely eventuality, we will communicate with the committee in advance. 

, 

H i s t o l o ~ c  ChanFres in the Skin Related to the Graft-Versus-Host Reaction 
after Marrow Transplantation. No recent data collected but project considered 
active. . 

Changes in Blood Enzvme Levels Following Exercise and/or Total-Bodv 
Irradiation in Man, Active. Special resuscitation equipment has been obtained 
according to recommendations of committee. I------- - 4  1, 

Chromosomal Breakages in Fibroblasts from Women Taking Oral Contra- 
ceptives. Active. Drs. Edwards and Hubner are supervising skin biopsies. 

I -.. 
I - .. 
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9. 

4. M a r r o w  Grafting Following Total-Body Irradiation, 
superseded by No. 13. 

7.  A Study of Infections in Cancer Patients, not activated. 

11. Blood Lymphocyte Survival and Distribution in Patients 
with Lymphoproliferative Disorders, not activated. 

14. Proposal to Visualize Lymph Node Drainage After Scan- 
ning Doses of 67Ga, concluded. 

S 6. Use of Small Tracer  Doses of Rare  Elements in Human 
Volunteers: The Committee withdrew its approval of this 
proposal and requested a detailed application of any 
specific proposal. 

Review of Ongoing Research Projects 

Each of the projects that have been discussed and presented 
to the Committee since its formation in April, 1967, was 
reviewed. Status was described, and plans for  continuation 
were noted. 
lowing proposals: 

1. Clinical Trials  of 1131nm as a Kidney and Bone Scanning 
Agent. (Status Report: Inactive, no work under way at 
present. ) 

The Committee approved continuation of the fol- 

5. Use of Radioiodine in Surgical Removal of Thyroid Cancers. 
(Status Report: Study is under way at present to examine 
the 20-yr experience and determine whether and how to 
continue this project. ) 

8. Study of Granulocyte Kinetics in Myeloproliferative Diseases. 
(Status Report: Continuing in patients receiving total- 
body irradiation. ) 

9. Tumor Scanning with Gallium-67. (Status Report: Continuing. ) 

10. Studies of Total-Body Irradiation in Patients with Hematologic 
Disorders. (Status Report: Continuing.) 

-1 12. Scanning Tumors of the Retroperitoneal Lymph Nodes After  
Intralymphatic Injection of Radioactive Gallium. (Status 
Report: Results in 7 patients have been discodraging. Per- 
mission was given to continue the project in order to gain 
conclusive answers. A t  present the value of this procedure 
is dubious.) 

1 I 1 3 1 4 2  
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Ongoing Projects - Cont'd. 

13. 

15. 

16. 

17. 

Therapeutic Allogeneic Transplantation of Human 
Bone Marrow. (Status Report: A detailed report was 
given of the one patient who has entered this protocol. 
Summarized results: A successful graft was 
obtained, there was no recurrence of leukemia, there 
was no rejection of the graft, o r  graft-versus-host 
disease. Patient had preexisting cardiovascular 
disease and showed evidence of immunologic inadequacy. 
H i s  death, about 4 months after the procedure, was 
attributed to cardiovascular complications, infection, 
and the treatment thereof.) 

Histologic Changes in the Skin Related to the Graft- 
Versus-Host (GVH) Reaction A f t e r  Marrow Trans- 
plantation. Bill Nelson, Senior Investigator. Approved 
this meeting (8/13/71) 

Changes in Blood Enzyme Levels Following Exercise 
and/or Total-Body Irradiation in Man. C. C. Lushbaugh 
Senior Investigator. Approved this meeting (8/13/71). 

Chromosomal Breakages in Fibroblasts from Women Taking 
Oral Contraceptives. Gayle Littlefield, Senior Investi- 
gator. Approved this meeting (8/13/71). 

For  the sake of committee efficiency, a list of currently active projects 
should be provided for  each meeting obtained from the minutes of the previous 
meeting. Those projects completed o r  discontinued should be placed in a 
separate file. Deferred projects which have approval should be so labeled 
in the listing. 

Meeting adjourned at 3: 00 p. m. 



MEETING OF COMMITTEE ON HUMAN STLDIES OF 

Oak Ridge Associated Universities 

Held 19 January, 1970 at Medical Division. 

Members of Committee Present 
G. A. Andrews 
A. B. Brill 
Melvin Koons 
R. D. Lange 
Wm. Nelson 
John Storer 
Tom Lincoln 

Staff Members Present 
N. Gengozian 
C. L. Edwards 
Helen Vodopick 
Karl Hubner 

The Meeting was held to discuss the initiation of a project 
entitled: 

.r".. $2 Therapeutic Allogenic Transplantation of Human Bone Marrow. 

Gould Andrews introduced the proposal and gave a brief histor- 
ical background of the use of bonemrow transplantation. 

There was a great deal of discussion of the proposed project 
and many questions were raised. Among the questions were the 
advisability of using anti-lymphocyte-serum before additional 
animal studies were performed and also regarding consideration 
of the use of extracorporeal irradiation, There were questions 
regarding the method to be used for producing and obtaining the 
anti-lymphocyte-serum as well as a discussion of the selection 
of participants and dangers of fat embolism. 

It was brought out that the AEC was very interested in the "in- 
formed consent!' procedure and would need to be satisfied regard- 
ing the form to be signed. 

There was a discussion of the safety factors involved in the use 
of the high dose facilities at U.T.A.E.C. and the possibility of 
purchasing an auxilliary power source was suggested. t 
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There followed a discussion of the graft versus host reaction 
and it was pointed out that this was a real hazard. 

f -  
Each of these foregoing questions were answered to the satls- 
fact on of the committee. 

At this point Drs. Andrews, Gengozian, Edwards, Vodopick and 
Hubner retired and the following motion was proposed by Dr. 
Storer, seconded by Dr. Brill and was passed unanimously by 
the remaining members of the committee: 

The committee approves the project as submitted 
contingent on the preparation of a release which 
meets all legal requirements. The committee fur- 
ther recommends that an independent evaluation of 
the extent of understanding of the release on the 
part of the patient or parent be made if feasible. 
It is suggested that a member of the clergy might 
make such an evaluation. The committee also ex- 
pressed a wish that they be kept informed on the 
progress of this project. 

Submitted by 

Robert D. Lange, M.D. 
Committee on Human Studies 

Minutes of Jan. 19, 1970 Meeting sent to: 

Brill C loutier Pollard 
Edwards Lushbaugh Kniseley 
Koons Gengozian Harmon 
Lange Hubner 
Lincoln V odopi ck 
Nelson 
Storer 
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Committee on Human Studies 

Minutes of Meeting - Ju ly  10, 1969 

The following members were present: Mr. Melvin A. Koons and 
Drs. A. Bertrand Brill, Gould h d r e w s ,  Kong-oo Goh, Edward Balish, 
and Robert D. Lange. 

The following new proposals were discussed and approved: 

1. A Study of Infections in Cancer Patients. Investigators: 

was noted that not all patients would have small intestinal 
($?-It specimens obtained three times weekly and that only adults 

would have bowel sterilization procedures. The committee 
expressed concern that all patients should be informed that 
it was possible for them to withdraw without prejudice. A 
new consent form is to be prepared. The committee urged that 
the senior investigators keep a continued surveillance for 
possible drug reactions and emergence of any drug resistant 
organisms. It was also emphasized that the committee be 
infprmed at each meeting about the results of this project. 

Drs. Edward Balish and C. Lowell Edwards. 
#q 

2 .  

3 .  

$8 

Tumor Scanning with Gallium-67. Senior Investigator: 
C. L. Edwards. 

The committee noted with favor that cooperative studies 
were being carried out with established investigators. It 
was noted that ORAU was legally responsible for material 
sent out for human use. 

Study of Granulocytic Kinetics in Myeloproliferative Diseases. 
Senior Investigator: Helen Vodopick. 

Dr. Vodopick was present for this discussion. 

The project was approved. The only question was in regard 
to which "consent form" would be used. 

The next meeting of the committee was  tentatively scheduled for 
September 18, 1969. 

Submitted by 

Robert D. Lange, M.D. 
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July 15, 1981 

! 

W 

M r .  Boward L. Rosenbers 
1401 16th St. NW 
Washington, D. C. 20036 

D e a r H r .  Rosenberg: 

This letter will confirm that the Department of Energy (DOE) Oak 
Ridge Operations (ORO) is in receipt of your Freedom of Infor- 
mation Act (PIOA) reqt,ter% dated July 10, 1981. T h i 8  letter will 
also  confirar the telephone -sation betreen p u  and David G. 
Darugh cf t!ie OR0 Office of Chief Counsel on 3uly 14, 1981, at 
which time you reformulated your request and granted DOE a five 
( 5 )  workday t h e  extension for response. 

cerning 
here: 

1. 

2. 

3. 

It is my understanding that your reformulated FOIA request now 
asks for  DOE OR0 to provide the following information con- 

records related to meclical radiation -y conducted 

A11 radiation therapy proposals srlhnitted for review 
to the "ORW/C?ZIJL Cornittee on Ifuman Studies." 
Specifically, all proposals/Frotocols, committee 
notes, minutes, recommendations and actions; and, 
all interim, progress or final reports suhmitted 
to the Committee concerning the therapy or course 
of treatment. 

A list of publbhod reparto or artichs resulting 
from therapy ar>proved or reviewed by the Committee. 
Additionally, DOE will attempt to idepufy sources 
of unpublished reports resulting from therapy 
approved or reviewed by the Committee. 

One ORAU A M U a l  R e p o r t  published prior to 1975 for 
p u r  review. 

. = "Lr,,. 
Your request for a wavier of fees because the release of this 
information vi11 prbqzily benefit the public is approved. Your 
request, as modified above, has been deemed to be accepted for 
processing as of t h i s  date. 

2 
cr: 
P - 

I . .  



Howard L. Rosenberg - 2 -  July 15, 1981 

Accordingly, your reformulated request has been forwarded to 
the Authorizing Official, who will respond within fifteen 
(15) working days. 

Sincerely, 

CC-1O:DGD 
Wayne Range 
Freedom of Information Officer 

. 
bee: J. L. FOutCh, CC-10 

W. R. Bibb, ER-13 
Dr. C. Hubner, ORAU 
R. Benson, ER-13 

CC-10 : DGDarugh:mh: 61213 : 7/15/81 

- .  . 

c 

A .  
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No INSURANCE COVERAGE PROVIDED- 

NOT FOR INTERNATIONAL MAIL 
(See Reverse) 

SENT TO 

-- . 
Howard Rosenberg 

Washington, D. C . 200:36 

STREET AND NO 

1401 16th st., rJw .- 
P o .EA%ND?+ CODE 

f POSTAGE 
-- -- --- -_ 
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j e o r u a r y  1 3 ,  l:;t?l 

FEE 1 9  Alii 9 :  ~y 
4k : / , / B I  

c, 3' 
b; r .  ';.,ayne i i m g e  
Freedom of  I n f o r m a t i o n  f f i c e r  
i i epa r tmen t  of  iinergy 
Oatc FLidge U p e r a t i o n s  
P.C.  Box E 
Cak Ridge, Tenn. 37830 

Thank-you f o r  o u r  l e t t e r  of Feb. 2 and %!IF! m a t e r i a l s  you forwarded 

o t h e r  explanatory documents. I asked i)r. C.C. Lushbaugh for those 
m a t e r i a l s  +hen I v i s t e d  Oak iiidge last month .  However, so  f a r  I have 
r e c e i v e d  none ,  S i n c e  t h e t  time I h a v e  l e x n e d  t h a t  many of tihe 
documents I s e e k  are  a v a i l a b l e  t h r o u  h F G I A .  T h e r e f o r e ,  I w i l l  

S p e c i f i c a l l y ,  I ani a l s z  in :e res ted  i n  r e c e i v i n g  more d e t a i l e d  f i n a n c i a l  
n l a n s  r e g a r d i n g  t h e  QF E.- i : icr .s  c f  t h e  L 3 ~ 1 .  Xectical  D i v i s i o n  than those 
I: rece ived .  As dr. d,;c e x g i a i n e d ,  ti;? p l a n s  a r e  "probably  not now 
i n  e x i s t e n c e . "  A:-r tl-.ey ir, e x i s t e n c e  c r  a're t h e y  n o t ?  I believe that 
f e d e r a l  r e c o r d s  r..a:iji-ec,enc ; ; .oceGures riii4L;ir-e t h a t  %hey rsmain on f i l e  
o I- L v a i l a b l e  . 
Under t h e  p : .ov i s i . yns  o f  t h e  ?reedom of  i n f o r ! i ? t . i o n  .:ct, 5 U . 5 . C .  522, 
i r e q u e s c j a e ;  a c c e z z  t: t : . c  r e c o r l r  1L.-)t,.lri b e l o w  by let ; ter .on a t t achmen t  

As -:GU know, t h e  a c t  p e m i  t,.; you t o  : * - ! . i ' . i r : t ?  x,.: :iaive f e e s  w r L e n  t h e  
r e lL ; , s e  c f  t h e  in fo r r , zL l : . n  is c c r . s i d a r e d  a3 p r imar i ly  b e n e f i t i n g  t h e  
rL:b l ic .  S i n c e  I S T  re ; .ges t inp  tk i s  infclrmati-or? a s  p a r t  o f  an on -go ing  
i n q h i r y  i n t o  t n e  e i L e L t 5  ci :-aaidti ; : i i  c i i  LX. ,  u-i~ i s t o  t h e  L.j. 
c c v e r n r n e n t f s  e f f o r t i s  t o  a u a n t i f y  t h o s e  e f f ' e c t s ,  and since t h e s e  q u e s t i o n s  
a r e  ?ti11 ir. d e b a t e  w i t b i n  t h e  s c i e n t i f i c  co:.;~iun'_ty and within the 
jiopulace a t  i a r g e ,  1 t ; e l i s v e  this r e q u e s t  1'it.s t i l ac  ca t egory  ani  I 
t h e r e f c r e  ask ycu t o  waive  any fees. T was pratified t o  note t h a t  
yccl h a v e  a l r a a d y  aeterr;.iir,cd riy r e q u e s t  "to ':;e a p p r o p r i a t e  f o r  a f e e  
w a i v e r , "  as you pointed out i n  your  l e t t e r  o f  Feb. 2, 1981 

if a:: o r  m y  p a r t  of  t h i s  r e q u e s t  i s  d e n i e d ,  p l e a s e  c i t e  the  s p e c i f i c  
e x m g  ion(s) which you t f ; i n k  j u s t i f i e s  your r e f u s a l  t o  r e l e a s e  t h e  
in forLi ia t ion ,  and inform rze c f  the appe.31 p rocadures  a v a i l a b l e  t o  me 
u n d e r  t h e  law, I would a p p r e c i a t e  your  h a n d : i n g  this r e  u e s t ,  if poss ib lc  

2 7 .  
f ' ron i  YQU w i t h i n  l G  days, a s  t h a  l a w  s t i p u l a t e s .  

t o  me on  Feb. B , 

amend my FOIA r e q u e s t  o f  Jan.  27, 19 8 1 to i n c l u d e  them. 

However, I am s t i l l  h o p i n g  t o  r e c e i v e  a number o f  

I f  A?I . 

a s  p a r t  of my e a r l i e r  r e q u e s t  o f  J a n .  I look  forwar 2 t o  h e a r i n g  

I I l 3 [ 1 5 1  



MAR 5 1981 

Hr. H o w a r d  Lo Romberg 
S t a f f  hnoclate c 

Jack Anderson 
1401 16th S-t, N e W e  

Washington, D. C. 20056 

IkU m0 R06mbtrg: 

Please accept this letter in response to your Freedom of Infor- 
mation A c t  ( nIpoU') rtqucrrt of lrebruary 13, 1981. which was 
received on February 18, 1981, by the Oak Ridge Freedom of 
Information O f f i c e r .  Your request for a fee  waiver was wanted 
on February 20, 1981, and your FOIA request  was deemed received 
for processing as of t h a t  date. 

Your statement t h a t  you wished us t o  handle t h i s  request as 
p a r t  of your earlier request is confusing, since such treatment 
would appear t o  impact only tir.of rlll#ua amd fees. If m 
t r e a t e d  I t  as such, response would have been l a t e  t he  date 
we received your request. Therefore, since w e  received t w o  
reques ts ,  for different documents, w e  have taken the logical 
approach of t r e a t i n g  them as separate  requests. 

T h e  documents identified as being responsive to your 
February 13, 1981, request are l i s t e d  below. W e  have used t h e  
8- a lphabet ica l  d e 8 1 g n a t i 0 ~  m yaor request for eaae of 
reference . 

( a )  
oPAu/ORriL Conw-ittee on H u n a r ,  S t u d i e s  are enclosed. We assume 
a i m  is the ccrrrrittee you had in  rind i a  usiag the t i t l e  w- 

U s e  C o m n i t t e e  e 

Six pages of intarsation on the nredb&rrhlp ai the 

(b) Three pages of research p ro jec t s  that have been 
reviewed by the Cownittee on Human Studies are enclo8ed. The 
l i s t i n g  is chronological, earliest to latest .  We are sure your 
use of  the phrase "human experimentationm is simply lmse tcrml- 
nology. You r e a l i z e ,  of course, t h a t  OFtAU pract iced medical 
therapy, .onretimes using experimental substances or experi- 
mental procedures, but  it never engaged i n  "human 
experimentation. " 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

u.ra -41LI*I+p x.III-y---LIIJL- .M * -  
OFFICIAL FILE COPY 

l l  1395k 
DOE F 1325 10 . 

(7 79) 

~- 

RETURN RECEIPT REQUESTED 
r l 1 1 Q 5 8  



Howard L. Rosenberg - 2 -  MAE 5 1981 

(c) No protocols existed for what you refer to as the 
ftLETBI/M€TBI otudlss. I' These were t r e a b n t  programs baaed 
on individual needs, not experiments, so "protocolsm would 
not be expected. The use of these devices ram guided by a board 
certified, properly licmsod radiotherapist, who w a s  assisted 
by board certified internists, hematologist8 and nuclear 
medicine experts. * 

(d) There were no formal "criteria for determining 
patients admitted for LETBI/METBI therapy." Licensed physicians 
In private pract ice  who knew of ORAU's therapeutic research 
expertise and long 8ucce.s In developing beneficial application 
of nuclear radiation In medicine referred their patients to 
the ORAU medical staff. There were no "self-referrals" and 
no oolicitatlons for patients. T h e  patients reaelved the kind 
of radiation therapy their disease snd Its  stage rsqufrd,  
as determined by an in-hotise staff backed by medical consu1tar.t 
from various other institutions. 

(e) Enclosed are t w o  typical "consent forms," taken from 
existing records, with the identifying information deleted. 

( f )  There are no existing "flnancial plans" for the CFAIJ 
Medical and Health Sciences Divlslan for the period you desire, 
as has previcusly been explained to you. In response to your 
statement that you "believe that federal records management 
procedures require that they remain cn file or available," 
enclosed please  find a one-paue excerpt from Order DOE 1324.2, 
Subject: "Eecords DisFosition," Attachment IV-I, which shows 
a three-year retention period for Financjal P l a n  files under 
item 2 of Records Schedule 5. 

( a ?  In addition to USAEC Report ORAU 112, which was 
provided you earlier, w e  know of tmr other ulmtatistiorl 
anelyses. I' These a r e  NASA-CR-144439 and NASA TM-X-2440 , ard 
are available from NTIS, Springfield, Virginia 22151. The cost 
of the fanner document is $7.50; the cost of the latter dacumcnt 
is $10.00. 

(h) Information on NASA TM-X-2440 is prcwided in (g), 
above. Enclosed are three documents representing ORAU's contri- 
bution to that document. 

(i) We understand th8t a report of the 1966 proceedings 
I s  available directly from IAEA, o r  from UVIPUB, 345 Park Avenii< 
South, New York, New York 10010. 

1 -v-T -**--2+-w-- y..- - 
(CaCK 

OFFICIAL FILE COPY DOE F 1325 10 
(7 79) 
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( J )  Form 990's submitted to the IRS by ORAU are not 
records of DOE, and are beyond the scope of a request addressed 
to this agency. Since we are not familiar w i t h  the 8tatus of 
such filings under IRS's implcmCntation of the FOIA, we suggest 
you request these documents of I R S ,  if you still desire them. 

(k) Enclosed are Schedules 189 for August I, 1977, 
October 1, 1977, and October L, 1978, plus Field Task Proposal/ 
Agrtemtnts for October 1, 1978, and October 1 ,  1979, all for 
ORAU epidemiological studies. The August 1, 1977, schedule 
marked the entry of ORAU into the Health and Mortality Study. 

(1) The requested report I 8  enclo8ed. 

(m) Enclosed are four photographs and diagrams of the 
LETBI/METBI facilities: a photograph of a model of the MEI'BI 
facilities; two diagrams of the LETBI facilities (one in both 
small glossy  and large reproduced formats); and one diagram 
of the LETBI/METRI facilities. 

There have been no deletions from the documents furnished In 
thjs response. You w i l l  note that w e  have responded that no 
documents exist fer your items ( c ) ,  (d) and (f). Under DOE'S 
reculatiors implementinu the FOIA,  a determination under 10 
CFR 51004.4(d)(l) that a document does not exist gives rise 
to the right to appeal the determination to the Office of 
Hearings and Appeals. Appeals are required to be by written 
notice addressed  to the Director, Office of Hearinus and 
Appeals, Department of Energy, 2000 b? Street, Nh', Washington, 
E. C .  20461, within thirty (30) days of receipt of the initial 
denial letter. Both the envelope and letter must be clearly 
marked "Freedom of Information Appeal . *' Judicial review I s  
available after appeal in the district in which you reside 
or have a F r i n c l p a l  place  of business, or in which the records 
ure situated, or in the District of Columbia. 

Sincerely, 

L 

L 

CC-10: JLF - 
w 
-0 

a 

Enclosures: 

bcc w/o enc: Wayne Range, M-4 

c.2- As stated 

Original Signed by 
W. T. Hamstcad 
William T. Hamstead 
Acting Assistant Manager 

for Administration 
Authorizing Official 

a ,  

. h * - - * . * - % + y 1 . - . -  r4-* -Ilr - - 
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ATTACHMENT " A "  

b )  F r o  j c c t v  of '  h m a n  e ~ i , c : . ~ i , , , . r ; t c , ' , i 3 ~ .  rt'vit.;Jed by t h e  H m a n  Use Committee 
between its i n c e p t i o n  2nd a s  c f  Janu3ry  1981. 

c )  P r o t o c o l s  i s sGed  f o r  L2TBI/METRI s t u d i e 3 ,  i n c l u d i n g  those i s s u e d  f o r  
r ev iewed  by t h e  liuman I.se Committee. ( T h e r a p y  protocols) 

d )  C r i t t r . 1 3  "i r d e t e r n i i n i r l r  p a t i e n t s  admitted f o r  LETBI1;";IETBI therapy. 

d )  Sample of c o n s e n t  forms given t o  p a t i e n t s  involved i n  L E T b i / M n B I  
t h e  rap  y . 

, ,- c. ,- f )  C o p i e s  of  a l l  ? ? f i n a n c i a l  p l a n s , "  for ORAU M e d i c a l  and Health S c i e n c e s  - 
/:.. c . I ( -  D i v i s i o n  for FY 57 t h r o u g h  FY 75.  

F , )  Any s t a t i s t i c a l  a n a l y s e s  p r e p a r e d  o f  p a t i e n t s  who r e c e i v e d  TBI a t  the 
LZB T/ICTB I f ac  i lit  i e s . 

( h )  NASA ThI-X 2 L L O  
. I  
I /  F r o c e e d i n ~ s  o f  a p a n e l  o n  T o t a l  Body I r r z Z i 3 t i o n  i n  Humans a t  IAEA 

V i e n n a  L5c . 
(j) F c m  49G: f i l e d  wi;h t1.e 1 :TJ :'~r y ' A :  ; i?65 t ' r m u g h  1981. 

k) Form 18S;s, a l s o  known a s  "work  packar-es" f o r  e p i d e m i o l o g i c a l  studies 
c f  t h e  C h k  1tlz;.e. (::.:a f r i . r -  FY l C 7 l  t h r p u r t ?  t h e  c u r r e n t  y e a r .  

. * ._ .,. I .. I ,... (*r L2 , , 1. :--. 



February 23 ,  1981 

Dr. Benson: 

As you requested, I am addressing each of the 13 FOI requests of 
Mr. Rosenberg's Attachment "A" for you to use in responding to DOE'S 
legal department's needs. 

a) I find that a membership list of the ORAU Human Studies Cormnittee 
can be made available for the years 1967 to date. There was no formal 
committee as such before 1967. 

b) We did not do "human experimentation" ever. A list of research 
projects that were reviewed by our committee on research involving human 
subjects can be made available, but it would have to be constructed from 
the minutes. Committee deliberation notes and proposals themselves are 
not available to the public because they would require voluminous explana- 
tions of the science that I do not have time or staff to rewrite. 

c S p  
f <,4u * 
\e 

c) No formal protocols as such exist for the so-called LETBI/METBI 
studies. The use of these devices was guided by a board certified radio- 
therapist properly licensed who was assisted by board certified internists, 
hematologists, and nuclear medical experts.)Jcf U \ - C , + ~ L - ~ &  W.W, 
b 6 L h  e-. .A, * . ,  ,. . A A P  A'. . 

therapy: Patients were not admitted for LETBI/MJZTBI therapy. They were 
referred to our medical staff by licensed physicians in private practice 
who knew of our therapeutic research expertise and our long success in 
developing beneficial applications of nuclear radiations in medicine. There 
were no "self-referrals" and no solicitations for patients. The patients 
received the kind of radiation therapy their disease and its stage required 
as determined by an in-house staff backed up by medical consultants from 
various other institutions. 

B 
d) Criteria for "determining patients admitted" for LETBI/METBI 

e) Nurse Sipe will make a copy of a "consent form'' of a patient who 
received therapy in the LETBI facility next week. 
are stored in a secured warehouse and protected under both the Federal 

These voluminous records 

< Privacy Act and the constraintsof medical privacy. v 
9 

f) Copies of all financial plans for this Division for FY 1957 through d 
' I  
pr 

N 1975 are not available to me. 

g) "Any statistical analyses", etc are available to the public in 
ORAU 1 1 2  NASA T M - %  2 Y Y 0 / b 4  ' - ) S l ) ~ ~ P ~ *  NASA-CR-144439 from NTIS for $7.50. 

h) I am not aware of what NASA TM-X 2440 is. hlTI5, S p w q I I / . .  2 2 1 t f  @p/o 

i) This Proceeding is available from IAEA ep UNIPUB, 345 Park Avenue 
.I 

- .  South, New York, NY 10010. r '  * 

j) The request for Forms 990 is being taken care of by Mr. Joyce, 
ORAU legal consultant for William Countiss. 



D r .  Benson -2- February 23, 1981 

c L.i f ;\ 

3d7 ..i-.. ,-- 
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I # f . ' '  k)  Form 189s, a l s o  known as "work packa'ges'' f o r  epidemiological  ;., c l  -. - 
s t u d i e s  of t h e  Oak Ridge d a t a  from FY 1974  t o  p re sen t  a r e  not  a v a i l a b l e  

and under d i s c u s s i o n ,  and so  are n o t  a v a i l a b l e  under an FOI. 
from my o f f i c e .  The cu r ren t  ones  are working d r a f t s  s u b j e c t  t o  change 

1) A copy of t he  r e p o r t  e n t i t l e d  Recent Progress  i n  Assessment of 
Human Res i s t ance  t o  Total-Body I r r a d i a t i o n  i s  a t tached .  

m) Copies of photographs and diagrams o f  t h e  LETBI and METBI f a c i l i t i e s  
are conta ined  i n  NASA-CR-144439 a v a i l a b l e  from NTIS (see  above). I f  M r .  
Rosenberg i n t e n d s  t o  reproduce t h e s e  i n  p r i n t ,  he  w i l l  need my wr i t ten  per- 
miss ion  as w e l l  as t h a t  of any o r i g i n a l  p u b l i s h e r .  Since some photos are of 
s imula ted  p a t i e n t s  and former s t a f f ,  t h e  p u b l i c a t i o n  of photographs of people 
can o n l y  occur  wi th  permission of t h e  persons  involved. 

P l e a s e  have someone inform M r .  Rosenberg t h a t  my permission f o r  him t o  
t a k e  a p i c t u r e  of  m e  i n  my o f f i c e  d i d  n o t  i nc lude  my permission f o r  him t o  
p u b l i s h  i t  f r e e  of a charge t o  be set by m e  o r  my h e i r s .  

W e  w i l l  p repare  a package of t h i s  material f o r  your use ,  as d i r e c t e d ,  
on my r e t u r n  t o  Oak Ridge on March 2. 

C. C .  Lushbaugh 

Typed i n  D r .  Lkshbaugh's absence.  



NASA TM-X 2440 is: 9 
Proceedings of the National Symposium on Natural and Manmade 
in Space, held at Los Vegas, March 1-5, 1971. 

Radiation 

Editor: Warman, E. A. 
Published January 1972 - Aeroject Nuclear Systems, Sacramento. NTIS 
CONF NO 710304, 132 pages. 
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Formation of Committee on Human Studies 

April 6, 1967: 

Dr. Robert Heyssel 

Dr. Robert Lange 

Dr. Gould Andrews 

Dr. Lowell Edwards (Ex Officio) 

Sept. 15, 1967: (added) 

Dr. Edward Balish 

Dr. Kong-oo Goh 

July 10, 1969: (2 replacements, 2 new members added) 

(to replace Dr. Heyssel) Dr. A. B. Brill 

Dr. John B. Storer (to replace Dr. Goh) 

Mr. Melvin Koons 

Dr. Bill Nelson 

Jan. 1970: Dr. T. A. Lincoln (to replace Dr. Balish) 

Ang. 13, 1971: Membership remains the same, but Dr. 
Lange asked to be relieved of duties of 
Chairman and Secretary. It was decided --i.,>- I 

that Dr. G. A. Andrews assume the duties 
of these offices. 
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PROPOSALS - ORAU/ORNL COIWITTEE ON HUMAN STUDIES 

Clinical Trial of 1131nm as a Kidney and Bone Scanning Agent 

Clinical Trial of 68Ga-Labeled Hydrous Ferric Oxide Colloid 

Immunotherapy of Acute Leukemia 

Marrow Grafting Following TBI 

U s e  of Radioiodine in Surgical Removal of Thyroid Cancer 
(No formal proposal) 

Use of Small Tracer Doses of Rare Elements in Human Volunteers 
(No formal proposal) 

A Study of Infections in Cancer Patients 

Study of Granulocyte Kinetics in Myeloproliferative Diseases 

Tumor Scanning with Gallium-67 

Studies of TBI in Patients with Hematologic Disorders 

Blood Lymphocyte Survival and Distribution in, Patients with 
Lymphoproliferative Disorders 

Scanning Tumors of the Retroperitoneal Lymph Nodes after Intralymphatic 
Injection of Radioactive Gallium 

Therapeutic Allogeneic Transplantation of Human Bone Marrow 

Proposal t o  Visualize Lymph Node Drainage after Scanning Doses of Gallium-67 

Histologic Changes in the Skin Related to the Graft-vs-Host Reaction after 
Marrow Transplantation 

Changes in Blood Enzyme Levels Following Exercises and/or TBI in Man 

Chromosomal Breakages in Fibroblasts from Women Taking Oral Contraceptives 

Scandium Augmented Gallium Localization in Tumors - Phase I and Phase I1 
Studies 

Regulation of Granulopoiesis 

Use of a Radioprotective Drug in Radiation Therapy: 
Labeled WR-2721 

Metabolism of 35S 

Mechanism of Immunotherapy of Human and Animal Cancers by Intralesional Injection 
of Mycobacterium Bovis (BCG) 



-2- 

Comparison of '"In, 67Ga, 206Bi as Tumor Scanning Agents 

Evaluation of Heart and Lung by the Use of an External Radioisotope 

Human Performance Testing of Cancer Patients as Controls for a 
Study of Uremia 

Clinical Testing of 85mSr as a Bone Scanning Agent 

Tracer Studies on 47Sc (Proposal not presented) 

Application of Computer-Interfaced Gamma-Ray Spectrometer for Dynamic 
Function Tests 

Comparison of Indium-111 Chloride and Indium-111 Sulfur Colloid in 
Evaluation of Bone Marrow Disorders 

Effect of Splenectomy and TBI on Onset of Blast Crisis and Survival in 
Chronic Granulocytic Leukemia 

Fate of Labeled Mononuclear Blood Cells in Tissues Especially in Lymph 
Nodes, Spleen, and Marrow 

Feasibility of Measuring Cognitive and Psychomotor Functions after T B I  in Man 

Female Reaction to Sperm Histocompatibility Antigens 

Erbium-171 as a Clinical Scanning Agent for Detection of Osseous and Non- 
osseous Tumors 

Thulium-167 as a Clinical Scanning Agent for Detection of Osseous and Non- 
osseous Tumors 

Dysprosium-157 as a Clinical Scanning Agent for Detection of Osseous and Non- 
osseous Tumors 

Esterase Activity and Mammalian Reproduction 

Carbon-11 Labeled Compounds for Organ and Tumor Localization 

Clinical U s e  of 'IC-Labeled 1-Aminocyclopentane-Carboxylic Acid for Tumor 
Detection 

Clinical Use of "C-Labeled DL-Tryptophan for Pancreas Imaging 

Lipid Markers in Human Leukemic Cells 

Clinical Testing of a Line Scanning Proportional Counter Camera 

Plasma Esterase Analysis in Cyclic Neutrophenic Humans 

Morphogenesis of Colon Cancer: 
Adenocarcinomas 

Electron Microscopic Study of Human 
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1 I - 
In: Procci :rigs of the National Symposlom 6 Natural 

and Manmade Radlatlon In S p a c e ,  Las Vegas, 1971, E .  A. Waman, ed-  
NASA TM X-240, 1972 ,  pp.238-248. 

Pulmonary-Impedance Power S p e c t r a l  Analys is :  A F a c i l e  Means o f  Detec t ing  
Rad ia t ion -  Induced G a s t r o i n t e s t i n a l  Distress and Performance Decrement i n  Man' 

Robert C .  R icks ,  C .  C .  Lushbaugh, Ea r l  McDow 

Oak Ridge A a e o c i a t e d  U n i v e r s i t i e s  

Emory U n i v e r s i t y  

INTRODUCTION 

I t  is  common p r a c t i c e  i n  r o u t i n e  p h y s i o -  
l o g i c  mon i to r ing  of  p a t i e n t s  i n  i n t e n s i v e  
care units t o  measure r e s p i r a t o r y  r a t e  and 
a m p l i t u d e  a l o n g  w i t h  o t h e r  v i t a l  s i g n s  by 
e l e c t r o n i c  means. I n  most r e s p i r a t o r y  
s t u d i e s  t h e  d a t a  are ob ta ined  through t h e  
use o f  impedance pneumography. This t e c h -  
n i q u e  o f  measuring r e s p i r a t o r y  phenomena 
by  means o f  e l e c t r i c a l  impedance has been 
p r e v i o u s l y  d e s c r i b e d  ( r e f s .  1 a n d  2 ) .  
These d e v i c e s  and techniques  p r o v i d e  con-  
t i n u o u s  a n a l o g  and d i g i t a l  r e c o r d s  o f  t h e  
p a t i e n t ' s  f u n c t i o n a l  s t a t u s  and c o n s t a n t l y  
upda ted  v i s u a l  d i s p l a y s  of t h e  d a t a .  Most 
o f t e n  t h e  va lues  f o r  t h e  v a r i o u s  v i t a l -  
s i g n  measurements a r e  d i sp l ayed  numeri-  
c a l l y  on a ca thode  ray  tube so t h a t  t h e  
n u r s e  o r  p h y s i c i a n  can make a s ses smen t s  o f  
p u l s e ,  r e s p i r a t o r y  r a t e ,  and t empera tu re  
as  o f t e n  as  d e s i r e d  without  having  t o  
c o u n t  t h e  number of waves p e r  t ime i n t e r -  
va l .  I n  p r e c a r i o u s  c l i n i c a l  s i t u a t i o n s  
u p p e r  and lower bound alarms a r e  used  t o  
a l e r t  t h e  s t a f f  when changes o c c u r  t h a t  
c o u l d  r e q u i r e  r e spons ive  a c t i o n .  Such 
sys t ems ,  wh i l e  s e r v i n g  we l l  t h e i r  purpose  
of con t inuous  s u r v e i l l a n c e  of t h e  p a t i e n t ,  
p roduce  l a r g e  amounts o f  taped  d a t a  t h a t  
c o n t a i n  a wea l th  o f  c l i n i c a l  i n fo rma t ion  
o f t e n  d i f f i c u l t  t o  ana lyze  i n  r e t r o s p e c t .  
U s u a l l y  t h e s e  d a t a  a r e  s t o r e d  u n t i l . t h e  
t a p e s  a re  needed f o r  r eco rd ing  t h e  d a t a  o f  
o t h e r  cases when they  a r e  e r a s e d .  L i t t l e  

I 'Research suppor ted  j o i n t l y  by USAEC and 

of them have been put  t o  us-e i n  phys io log ic  
r e sea rch  o r  a p p l i e d  phys io logy  because few 
methods have as y e t  been developed f o r  
reducing t h e  d a t a  i n t o  a condensed form 
t h a t  provides  c l i n i c a l l y  u s e f u l  in format ion  
beyond t h a t  o f  t h e  ana log  t r a c e  i t s e l f .  

Recent ly  we r e p o r t e d  p r e l i m i n a r i l y  ( re f .  
3) a da ta  r educ t ion  and a n a l y t i c a l  system 
f o r  t h e  e l e c t r o n i c  impedance pneumograph. 
This  computerized a n a l y s i s  p iov ides  t h e  
i n v e s t i g a t o r  a power spectrum of the  res- 
p i r a t o r y  t r a c e  from t h e  p a t i e n t  over  a 
chosen time i n t e r v a l .  S i n c e ,  a s  is well  
known, r e s p i r a t o r y  r a t e  and ampli tude can 
be modified by d i r e c t ,  a s  we l l  a s  r e f l e x  
n e u r a l  pathways from o t h e r  systems,  changes 
i n  impedance pneumograph t r a c e s  a r e  n o t  
unique f o r  each k ind  o f  sys t emic  s t r e s s  
t h a t  modif ies  b r e a t h i n g .  These changes,  
however, can i n d i c a t e  t h a t  r e s p i r a t o r y  
a c t i v i t y  i s  being modif ied by e x t e r n a l  
s t i m u l i  o r  e x t r a - r e s p i r a t o r y  s t r e s s e s .  
Examples inc lude  t h e  common e a r  cough t h a t  
r e s u l t s  from i r r i t a t i o n  o f  t h e  sensory 
endings of t h e  a u r i c u l a r  n e r v e  by p lugs  o f  
wax i n  t h e  aud i to ry  meatus;  a l t e r e d  r e s -  
p i r a t o r y  p a t t e r n s  caused  by sudden immer- 
s i o n  i n  c o l d  water, p a i n f u l  s t i m u l i ,  
nausea,  vomit ing,  muscular e f f o r t ,  and 
blood pH and gas  changes.  These changes 
i n  r e s p i r a t o r y  ampli tude and frequency a r e  
mediated through autonomic n e u r a l  e lements  
i n  the  var ious  organs concerned and a r e  
presumed t o  be p r i m a r i l y  o f  parasympathet-  
i c  (vagal)  o r i g i n ,  b e s t  desc r ibed  a s  
"vagal looping." 

pulmonary-impedance power s p e c t r a l  
The purpose of our  s tudy  was t o  see i f  



a n a l y s i s  could be used t o  de t ec t  the onset 
and course of g a s t r o i n t e s t i n a l  d i s t r e s s  
induced pharmacologically o r  by total-body 
i r r a d i a t i o n ;  t o  see how typ ica l  the com- 
puted power s p e c t r a  and t h e i r  variances 
were f o r  such we l l  defined r e sp i r a to ry  
s ta tes  a s  e x e r c i s e  induced hyperpnea, r e s -  
p i r a t o r y  a c i d o s i s ,  and hypervent i la t ion i n  
vo lun tee r s  and i n  p a t i e n t s  exposed t o  ther-  
a p e u t i c  l e v e l s  of total-body i r r a d i a t i o n ;  
and, i f  p o s s i b l e ,  t o  use t h i s  system t o  
d e t e c t  r a d i a t i o n  induced decrements i n  
ph>s ica l  performance t o  study t h e i r  r e l a -  
t i o n  t o  exposure r a t e .  

cal  use fu lness  during extended manned- 
space missions ( e .  g . ,  o r b i t i n g  platforms 
and i n t e r p l a n e t a r y  expedi t ions)  i n  a 
p o t e n t i a l l y  h o s t i l e  environment. The po- 
t e n t i a l  hazards of space r ad ia t ion  (proton 
f l u x e s ,  heavy p r imar i e s ,  X-  and gamma- 
r a d i a t i o n s ,  s o l a r  a c t i v i t y )  have been 
p rev ious ly  reviewed by o the r s  ( r e f s .  4 ,  5 ,  
6 ,  and 7) .  In a d d i t i o n  to p o t e n t i a l l y  
h i g h - f l u x  space r a d i a t i o n ,  on-board power 
r e a c t o r s  w i l l  increase the environmental 
background and crew exposures on extended 
manned space missions.  While the types 
and i n t e n s i t i e s  of space r ad ia t ion  a re  wel l  
de f ined ,  j f no t  p red ic t ab le ,  the response 
o f  man t o  these  ion iz ing  events i s  not well  
known because of the absence of  experimen- 
t a l  obse rva t ions .  However, the general  
sequence of events involved i n  the rodia-  
t i o n  prodrome (nausea, vomiting, f a t igue )  
are w e l l  documented f o r  man ( r e f s .  6 ,  8 ,  9, 
and l o ) ,  but the majori ty  of quan t i t a t ive ly  
r e l a t e d  r a d i a t i o n -  induced changes have been 
s t u d i e d  i n  lower animals where psycholog- 
i ca l  t e s t i n g  was pr imari ly  involved ( r e f s .  
11 and 12) .  The e f f e c t s  of r ad ia t ion  on 
the  performance of r a t s  subjected to  s w i m  
t es t s ,  however, have shown t h a t  exposures 
of  300-1000 R depressed performance a b i l i t y  
i n  a dose - ra t e  dependent manner ( r e f .  13 ) .  
Thoma and Wald ( r e f .  14) reviewed the  c l i n -  
i ca l  s i g n s  and symptoms of  r ad ia t ion  

These observat ions could have some medi- 

----. - 

acc iden t  v i c t i m s  and r epor t  r h a t  postexpo- 
s u r e  f a t i g u e  may be evident  f o r  4 days t o  
s e v e r a l  months following exposures es t ima-  
t e d  t o  have been 240-600  rads t o  the t o t a l  
body. Fat igue was not  measured q u a n t i t a -  
t i v e l y  no r  produced by ob jec t ive  t e s t i n g ;  
each v i c t im  descr ibed h i s  own f e e l i n g  of 
malaise .  

performance a b i l i t y  a f t e r  r a d i a t i b n  expo- 
s u r e  has  been published by Zellmer ( r e f .  
1 5 ) .  Psychological  t e s t i n g  of p a t i e n t s  re- 
c e i v i n g  to t a l -body  i r r a d i a t i o n  therapy has  
been r epor t ed  by Payne (16) and demonstrates 
t h a t  no decrement occurs i n  man's a b i l i t y  
t o  perform w e l l - d i r e c t e d  t e s t s  (e.g. ,  USAF 
SAM r o t a r y  p u r s u i t  t e s t  and USAF SAM com- 
p l e x  coord ina t ion  t e s t )  a f t e r  exposures of 
1 5 - 5 0  R o f  X r ays  (0.9S/min). Likewise, 
t h e  same conclusions were reached a f t e r  ex-  
posures  of p a t i e n t s  t o  25-200 R given i n  
2 5  R f r a c t i o n s  a t  3.8 R/min. A l l  i nd iv id -  
u a l s  (ages 23-76 yr)  exposed were being 
t r e a t e d  f o r  malignancies ( r e f .  1 6 ) .  

Our s t u d i e s ,  on the o the r  hand, d e a l t  
with nond i rec t ed  t e s t s  (bicycle ergometry) 
f o r  a s s e s s i n g  performance a b i l i t i e s  during 
and a f t e r  r a d i a t i o n  exposure. 

A review of p e r t i n e n t  l i t e r a t u r e  on human 

While highly 
motivated ind iv idua l s  (e .g . ,  t r a i n e d  a s t r o -  
nau t s )  might be expected t o  demonstrate 
continued performance on we1 1 -d i r ec t ed  
d u t i e s  even i n  t h e  event of accident81 i n -  
c a p a c i t a t i n g  r a d i a t i o n  exposures, t h e i r  
a b i l i t y  t o  perform nondirected (general  
a c t i v i t i e s )  might be reduced. This is  one 
ques t ion  ou r  i n v e s t i g a t i o n  seeks t o  answer. 

- - ~ _ _  

MET EO DS 
Traces of pulmonary impedance were ob- 

t a i n e d  b e f o r e ,  during ( i n  the case of expo- 
s u r e  p r o t r a c t i o n )  , and a f t e r  t he rapeu t i c  
l e v e l s  o f  t o t a l -body  i r r a d i a t i o n  of leuke-  
mic p a t i e n t s  with '17Cs o r  "Co gamma rays.  
The r a d i a t i o n  f a c i l i t i e s  used have been 
p rev ious ly  descr ibed ( r e f s .  1 7 ,  18, 19,  and 
20).  B r i e f l y ,  f r a c t i o n a t e d  exposures of 
30 R/day were c a r r i e d  out i n  a '"CS 
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t o t a l - b o d y  i r r a d i a t o r  a t  a r a t e  o f  1 . 5  
R/min, wh i l e  p r o t r a c t e d  (30 R/day) and 
f r a c t i o n a t e d  (10 R/day) exposures  were 
a d m i n i s t e r e d  u t i l i z i n g  a “Co t o t a l - b o d y  
i r r a d i a t o r  a t  t h e  r a t e  of 1 .5  R / h r .  An 
e l e c t r o n i c  p h y s i o l o g i c  moni tor ing  system’ 
was used  t o  o b t a i n  t h e  pulmonary impedance 
traces. Three s u r f a c e  ( s k i n )  e l e c t r o d e s  
were a t t a c h e d  t o  t h e  s u b j e c t ,  one t o  each 
a n t e r i o r  l a t e r a l  a x i l l a r y  l i n e  on each 
s i d e  o f  t h e  s u b j e c t s  c h e s t  and over  t h e  
xyphoid s t e r n a l  p r o c e s s .  The impedance of 
a 100 pamp c u r r e n t  p a s s i n g  between t h e  
a x i l l a r y  e l e c t r o d e s  i s  measured s imul t an -  
e o u s l y  w i t h  t h e  c a r d i a c  c u r r e n t  changes 
(EKG). The xyphoid e l e c t r o d e  i s  t h e  
grounding  c i rcu i t .  T h i s  c o n f i g u r a t i o n  o f  
e lect  rode  s ha$ been des  c r i b e d  p r e v i  ous 1 y 
by o t h e r s  u s i n g  i t  t o  moni tor  t h e  phys io -  
l o g i c  s t a tus  of as t ronru ts  in space  f l i g h t  
o r  i n  s i m u l a t e d  t e s t s  ( r e f s .  2 1 ,  2 2 ,  23,  
24 ,  25, and 26) .  Impedance, pneumograph 
traces were a l s o  o b t a i n e d  on a normal v o l -  
u n t e e r  who i n g e s t e d  an emetic ( i p e c a c ) ;  on 
normal u n i r r a d i a t e d  v o l u n t $ e r s  and p a t i e n t s  
(undergoing t o t  a1 -body t h e r a p e u t i c  i r r a d  - 
i a t i o n )  a l l  o f  whom e x e r c i s e d  p e r i o d i c a l l y  
on a b i c y c l e  e rgometer .  The v o l t a g e  changes 
i n  pulmonary impedance were recorded  on 
s t r i p  c h a r t  and on ana log  t a p e  from which 
4-minute  d a t a  segments were s e l e c t e d ,  con-  
v e r t e d  i n t o  d i g i t a l  form and ana lyzed  using 
a n  IBM-1800 computer.  I n  o u r  system, i n  
i t s  p r e s e n t  s t a g e  o f  development,  d i g i t a l  
d a t a  p r o c e s s i n g  can be  done i n  r e a l  t ime 
OT i n  r e t r o s p e c t .  After d i g i t a l  conver-  
s i o n ,  t h e  d a t a  were p rocessed  wi th  a power 
spectral  a n a l y s i s  program which computed 
power spec t ra l  estimates and r e s p i r a t o r y  
v a r i a n c e s  t h a t  were graphed a u t o m a t i c a l l y .  

RESULTS 

S e l e c t e d  impedance pneumograph t r a c e s  
o b t a i n e d  from a p a t i e n t  r e c e i v i n g  30 R/20 

‘Beckman Type R dynograph, Beckman 
Ins t rumen t ,  Inc .  P a l o ,  A l t o ,  C a l i f o r n i a .  

h r  day a t  an exposure  r a t e  o f  1 . 5  R/hr a r e  
shown i n  Fig.  1. The t o t a l  exposure was 
250 R over  an 8-day p e r i o d .  These t r a c e s  
i l l u s t r a t e  t h a t  normal ,  r e g u l a r  brea th ing  
occur red  throughout  a l l  moni tor ing  pe r iods .  
The r e g u l a r i t y  of  t h e s e  impedance pneumo- 
graphs  i s  r e f l e c t e d  by low-power s p e c t r a  
and nonvarying f r e q u e n c i e s  as shown i n  Fig.  
2 .  During the  e n t i r e  exposure  t h e  p a t i e n t ,  
who had r ece ived  no p r e v i o u s  r a d i a t i o n  
t h e r a p y ,  f e l t  wel l  and d i d  n o t  develop 
nausea  o r  l o s s  of  a p p e t i t e .  I n  Fig.  3 t h e  
p r e -  and pos texposure  pulmonary impedance 
traces a r e  shown f o r  a p a t i e n t  who rece ived  
r a p i d l y - d e l i v e r e d  f r a c t i o n a t e d  exposures  of 
30 Rfday (1.5 R/min) on each of 5 consecu- 
t i v e  days f o r  a t o t a l  exposure  o f  150 R. 
The pulmonary impedance t r a c e s  became i n -  
c r e a s i n g l y  i r r e g u l a r  pos texpbsure  wi th  i n -  
c r e a s i n g  exposure accumula t ion  up through 
day 4 .  The e f f e c t  o f  t h e  l as t  f r a c t i o n a l  
dose (30 R) appea r s  t o  have been suppressed 
by 2 0  mg chlorpromazine admin i s t e red  p r i o r  
t o  exposure.  The changes i n  pulmonary i m -  
pedance a r e  more e a s i l y  v i s u a l i z e d  i n  the  
power s p e c t r a  computed from them (Fig.  4 ) .  

A l l  5 pos texposure  pulmonary impedance 
t r a c e s  were ob ta ined  w i t h i n  30 min a f t e r  
i r r a d i a t i o n .  S u b j e c t i v e  l e v e l s  of pos tex-  
posu re  g a s t r o i n t e s t i n a l  d i s t r e s s  exper ienc-  
ed  by t h e  p a t i e n t  a r e  shown i n  Table  1. 
These symptoms c o r r e l a t e  w e l l  w i th  the  
s t r i p  c h a r t  t r a c e s  and t h e  changes i n  t h e i r  
power s p e c t r a l  r e d u c t i o n s .  There i s  (Fig.  
4 )  a p r o g r e s s i v e  i n c r e a s e  i n  the  s h i f t  of 
pulmonary impedance waves t o  lower f requen-  
cy  and h ighe r  ampl i tude  and power a s  r a d i a -  
t i o n  exposure accumula tes .  The p a t i e n t  
r e p o r t e d  t h a t  recovery  from t h e  postexpo-  
s u r e  nausea,  r e f l e c t e d  by t h e s e  changes, 
occu r red  2 - 0  hours l a t e r .  The r e l a t i v e  
absence  o f  symptoms and  p a t h o l o g i c  pulmo- 
nary-impedance p a t t e r n s  and poh-er spec t r a ‘  
a l s o  c o r r e l a t e d ,  a s  s een  i n  F i g s .  3 and 4 ,  

f o r  day 5 .  The d a i l y  p r e t r e a t m e n t  pulmo- 
na ry  impedance t r a c e s  and t h e i r  pok’er 
s p e c t r a  a r e  remarkably uni form and normal, 
s u b s t a n t i a t i n g ,  a p p a r e n t l y ,  t h e  p a t i e n t ’ s  
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BEFORE TREATMENT 

DURING TREATMENT 

AFTER TREATMENT 

1 I MIN 1 

FiguTe 1. S t r i p  chart tracinls  o f  pu1monar)r inpedmce 
-corded br fon .  during (.id-treatment), m d  S f t B r  

treatment with 30 R daily 8 t  1 .5  Whr. 

Fi;ure 1.  Cra?hic representation of pu1monar)r impedance 

power spectra obtained before. during (n id - tEataent ) ,  
and a f t e r  treatment with $0 R d r i l y  for  8 days s t  1.5 
R/hr for e Total exposure of 1 S O  R. 
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DAY 5 
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Figwa 3 .  Strip chart tr.cin;s of pulmnary irpe&u 
followin; 150 I i n  I oqul &ilT fractions a t  m 
exposure rsfe of 1 . 5  Wmin. 

Figure 4 .  Graphic correlation of  sever i ty  of  nausea w i t h  
pulmonary impedance power spectra before and 15 minutes 
a f t e r  20-minute exposure t o  30 R (1.5 R/min on 5 
consecutive days. to ta l  exposure 150 R ) .  On the 5th 
day the patient was administered oral chlorprommrine 
( 2 0  re) therapy for radiation s ickness .  

241 
. _  



d 

C 

claim t h a t  symptoms of r a d i a t i o n  s i ckness  
were a b s e n t  a t  those times. 

TABLE I 

PATIENT EVALUATION OF GI DISTRESS THAT FOLLOWED 
TREATMENT WITH 30 R (1.S R/MIN)  DAILY FOR S DAYS 

Accumulated Exposure Described GI Distress 

P o s t  30 R 
" 60 R 
$1  go  R 
*' 120 R 
'' 1 5 0  R 

None 
Mild  
Moderate 
Severe 
Mild 

The comparison of dose r a t e  e f f e c t s  was 
enhanced by t h e  f a c t  t h a t  t he  p a t i e n t  who 
r ece ived  t h e  f r a c t i o n a t e d  r a d i a t i o n  t h e r -  
apy (see above) r e tu rned  f o r  a d d i t i o n a l  
r a d i a t i o n  t r ea tmen t  but t h e  exposure (150 
p) was p r o t r a c t e d  (1.S R/hr) over a 5-day 
p e r i o d .  Pulmonary impedance s t r i p  c h a r t  
t r a c e s  r eco rded  be fo re ,  during, and immed- 
i a t e l y  a f t e r  the t h e r a p e u t i c  i r r a d i a t i o n  
p e r i o d  i n d i c a t e  t h a t  r e s p i r a t o r y  a l t e r a -  
t i o n s  occur red  p r i o r  t o  and e a r l y  i n t o  
t r ea tmen t  and c o n s i s t e d  p r imar i ly  of high 
ampli tude (deep) b rea th ing  (Fig.  5). 
Power s p e c t r a  of pulmonary-impedance wave 
forms (Fig.  6 )  r e f l e c t  these f ind ings  and 
show t h a t  no s i g n i f i c a n t  pulmonary a l t e r a -  
t i o n s  occur red  throughout exposure a f t e r  
t h e  i n i t i a l  changes. No low-frequency 
components a r e  p re sen t  i n  the power s p e c t r a  
o b t a i n e d  i n  r e l a t i o n  t o  t h i s  dose p r o t r a c -  
t i o n ,  however, low frequency s h i f t s  d i d  
occur i n  t h i s  same p a t i e n t  when the  ex- 
posure (150 R) was f r a c t i o n a t e d  (see above) 
These f i n d i n g s  a r e  i n t e r p r e t e d  a s  being due 
t o  psycho log ica l ly  - induced nausea r e 1  a t e d  
t o  t h e  s e v e r e  nausea experienced p rev ious ly  
by t h i s  same p a t i e n t  when given f r a c t i o n a -  
t e d  i r r a d i a t i o n  therapy 6 months p r i o r .  
The f r a c t i o n a t e d  exposure ( 1 S O  R) which i n -  
duced nausea i n  t h i s  experiment is well  be- 

l . low t h e  300 r a d  dose ( s ing le  exposure) r e -  
I p o r t e d  by Lushbaugh, e t  a l .  ( r e f .  10) that 

r e s u l t e d  i n  a mean vomiting-onset time of 
1 4 4  f 6 6  min. Gerstner ( r e f .  9 )  has p r e -  
vious l y  i nd ica t ed  t h a t  nausea and vomiting , 
i f  p r e s e n t ,  w i l l  occur approximately 6 h r s  
a f t e r  doses below 600 rads. While t h i s  
p a r t i c u l a r  p a t i e n t  may have a low r a d i a -  
t ion-induced G I  d i s t r e s s  threshold,  the 
dose r a t e  inf luence on the human r a d i a t i o n  
prodrome i s  i l l u s t r a t e d .  

BEFORE TREATMENT 
+ 

. , , , ..,.. _ . . . . ,  P . : . !  

EARLY TREATMENT (6R) 

I -  

' ti.,': ; '  - * & MID - TREATMENT (75 R) 
. *  

LATE TREATMENT (130 R) 

m & v  POST TREATMENT 
. -  

, I  

Fiiure 5 .  Pulmonary impedulce traclnps fron patient  
exposed to 150 R (30 I d a i l y )  a t  1 . S  Whr.  
I n  parenthesis i n d l c ~ t e  mccuulmtad R a t  t ine of 
pulwnmry wnitormg. 

Figures 

I 

1 CYCLESlYlN 

Figure 6 .  sober spectra of pulmonar)r ~mpebnce wave 
forma obtmlncd m 1  specific int .rralr  before. d w i w .  
or i-edhtr aftmr exposure to Is0 n ( 3 0  W & y )  at  

1.5 Whr. 
I a t  tine of pulwamrr mm1t.ri.R. 

F I ~ I D S  in  psrrnths ir  iadicace sccumlat*d 

242 &. , - *  



I n  o r d e r  t o  compare r ad ia t i ' q  and  Pha r -  
maco log ica l ly  induced g a s t r o i  e s t i n a l  
distress, we o b t a i n e d  power s p e c t r a  of  
pulmonary impedance wave forms from a 
normal  male v o l u n t e e r ,  aged 2 2 ,  who was 

a d m i n i s t e r e d  a n  eme t i c  ( i p e c a c ) .  Power 
s p e c t r a  o f  t h e s e  pulmonary t r a c e s  a r e  shown 
i n  F i g .  7 and i l l u s t r a t e  s h i f t s  t o  h igh -  
p o s e r ,  low-frequency components a t  t hose  
times when t h e  s u b j e c t  expe r i enced  s e v e r e  
nausea  (17-20 min) and when emesis  occur red  
( 4 9 - 5 2  and 57-60  min, r e s p e c t i v e l y ) .  These 
d a t a  demonst ra te  s i m i l a r  r e s p i r a t o r y  phe-  
nomena o c c u r r e d  ( a s  measured by o u r  method 
o f  a n a l y s i s )  i n  o u r  expe r imen t s  when gas t ro -  
i n t e s t i n a l  d i s t r e s s  occur red  r e g a r d l e s s  .of 
i t s  means of  i n d u c t i o n .  The q u a n t i t y  of 
a n a l o g  d a t a  o b t a i n e d  i n  t h i s  exper iment  en-  
couraged  u s  to modify t h e  computer  program 
t o  a f f o r d  g r e a t e r  d a t a  r e d u c t i o n .  This  
m o d i f i c a t i o n  i s  based an t h e  f a c t  t h a t  t h e  
area under  a pulmonary impedance power 
spec t rum i s  t h e  t o t a l  v a r i a n c e  i n  terms of  
ampl i tude  and  f requency  of  r e s p i r a t i o n .  
T h i s  s i n g l e  number can  be computed and used 
a s  a one-d imens iona l  e x p r e s s i o n  of  t h e  
l e v e l  o f  r e s p i r a t o r y  e f f o r t s .  

When t h i s  number p l o t t e d  as i t  chan, 
w i t h  t ime,  a con t inL-as  g raph  is produced 
of  t h e  v a r i a n c e  i n  r e s p i r a t o r y  e f f o r t  
throughout  t h e  mon i to r ing  p e r i o d .  This  new 
method r e q u i r e s  o n e - h a l f  t h e  prev ious  corn- 
pu t ing  t ime ;  t h e  o u t p u t  c o n s i s t s  of  two i n -  
d i ces  (a  mean and t h e  v a r i a n c e  of  t h e  power 
spectrum) t h a t  can be used  wi thou t  graphing 
the  i n d i v i d u a l  power spectrum. I n  t h i s  case, 
t he  mean i s  t h e  a v e r a g e  t r a n s t h o r a c i c  v o l -  
t age  a s  measured by t h e  impedance pneumo- 
graph c o u p l e r ,  wh i l e  t h e  v a r i a n c e  i s  d i -  
r e c t l y  p r o p o r t i o n a l  t o  t h e  a r e a  under t h e  
power spectrum. 
pulmonary impedance wave form i s  n o t  
graphed i n  t h i s  new system u n l e s s  r eques t ed  
by t h e  i n v e s t i g a t o r  o r  c l i n i c i a n .  I n  a d d i -  
t i o n ,  t h i s  new method p r o v i d e s  s e p a r a t e  
a n a l y s i s  o f  each  of  4 c o n s e c u t i v e  minutes  
of .pulmonary impedance d a t a  i n s t e a d  of one 
combined a n a l y s i s  o f  4 minutes  o f  d a t a ,  An 
average  mean and average  v a r i a n c e  ( four  
1-minute  d a t a  p e r i o d s  / 4 )  a l s o  i s  provided.  
We have de f ined  t h e  minute-by-minute v a r i -  
ance a s  t h e  con t inuous  v a r i a n c e  and i t s  av-  
e rage  ove r  4 minutes  as t h e  average  varianae.  

The power spectrum of  the 

Data ob ta ined  from t h e  v o l u n t e e r  w i th  
pharmacologica l ly  induced GI d i s t r e s s  (see 
above) and ana lyzed  by t h e  new method a r e  
shown i n  Fig.  8. Inc reased  cont inuous 
v a r i a n c e  cor responds  e x a c t l y  t o  t h e  minute 
wi th  t h e  occurrence  o f  s eve re  nausea (18th 
min) and emesis  (50th and 59th min). These 
changes i n  r e s p i r a t o r y  f u n c t i o n  a r e  a l s o  
w e l l  p r o t r a y e d  by t h e  average  va r i ance  
which t ends  t o  smooth t h e  d a t a  wi thout  
l o s i n g  f i d e l i t y .  I n f e r e n c e s  drawn from 
d a t a  ana lyzed  by bo th  the o l d  and new 
methods would be t h e  same. - 

We a n t i c i p a t e d  t h i s  new method would 
have a u s e f u l  purpose i n  t h e  a n a l y s i s  of 
long- te rm pulmonary s t u d i e s  and have 

LCrCLEs/MINL a p p l i e d  it t o  pulmonary impedance d a t a  ob- 
t a i n e d  from p a t i e n t s  r e c e i v i n g  to t a l -body  
t h e r a p e u t i c  i r r a d i a t i o n ,  a l l  of whom exe r -  
c i sed  on a b i c y c l e  ergometer .  Figure 9 
i l l u s t r a t e s  t h e  pulmonary impedance v a r -  
i ance  obta ined  from a normal v o l u n t e e r  

243 



b e f o r e ,  d u r i n g ,  and a L c e r  e x e r c i s i n g  t o  
tolerance (1.8 min) a g a i n s t  a work l o a d  o f  
75 w a t t s .  S h i f t s  i n  bo th  con t inuous  and 
ave rage  v a r i a n c e  occur red  dur ing  t h e  i n i -  
t i a l  phases  o f  e x e r c i s e  a n d , i n c r e a s e d  t o  a 
maximum l a t e  i n  the  e x e r c i s e  p e r i o d .  P o s t -  
exe  rc i s  e v a r  i a n c e s  dec r  ea s e d p e r i o d i c  a 1 1 y 
r e t u r n i n g  t o  p r e e x e r c i s e  l e v e l s  a t  abou t  
35 minutes .  

I n  o r d e r  t o  de te rmine  t h e  e f fec t  o f  
t o t a l - b o d y  i r r a d i a t i o n  on performance dec- 
rement ,  pulmonary impedance d a t a  were ob- 
t a i n e d  from s e l e c t e d  p a t i e n t s  r e c e i v i n g  
p r o t r a c t e d  o r  f r a c t i o n a t e d  exposures  (1.5 
R/hr) and  who e x e r c i s e d  p e r i o d i c a l l y  b e -  
f o r e ,  d u r i n g ,  and a f t e r  exposure.  P a t i e n t s  
were s e l e c t e d  on t h e  b a s i s  of t h e i r  w i l l -  

i ngness  and a b i l i t y  t o  e x e r c i s e  urd t h a t  
t h e i r  d i s e a s e  was n o t  a c u t e l y  d e b i l i t a t i n g -  
NO a s p e c t s  of r a d i a t i o n - i n d u c e d  f a t i g u e  
were eve r  d i scussed  wi th  these  p a t i e n t s .  
Data from two p a t i e n t s  exposed to p r o t r a c -  
t e d  r a d i a t i o n  therapy  (30 R / Z O  h r  day) a t a  
r a t e  of 1 .5  R/hr a r e  shown i n  Figs .  10 and 
11. Only t h e  average  va r i ance  of the  

pulmonary impedance power s p e c t r a l  da ta  i s  
i l l u s t r a t e d .  Inc reased  r e s p i r a t o r y  demand 
dur ing  and immediately a f t e r  exe rc i se  was 
r e f l e c t e d  by changes i n  pulmonary impedance 
wave forms i n  both  p a t i e n t s  s t u d i e d  and 
c l o s e l y  resembled changes noted  i n  exe r -  
c i s i n g  v o l u n t e e r s .  Inc reased  power a t  
v a r i o u s  r e s p i r a t o r y  rates (genera l ly  >20 /  
min) ,  seen a s  a l a r g e  i n c r e a s e  i n  t o t a l  
v a r i a n c e ,  was a m p l i f i e d  a f t e r  t o t a l -body  
exposures  of 100-150 R.  A decrement i n  
performance a b i l i t y  was i n d i c a t e d  by a 
g r e a t e r  i nc rease  i n  r e s p i r a t o r y  va r i ance ,  
a f t e r  r a d i a t i o n ,  when measured a t  3 and 1 0  
days p o s t i r r a d i a t i o n  i n  one p a t i e n t  who 
r e c e i v e d  100 R (F ig .  l o ) ,  and a t  5 days i n  
a n o t h e r  p a t i e n t  who r ece ived  1 5 0  !I (Fig.  
1 1 ) .  

kadia t ion- induced  performance decrement 
was a l s o  s t u d i e d  i n  two p a t i e n t s  r ece iv ing  
f r a c t i o n a t e d  exposures  of  1 0  R d a i l y  a t  a 
r a t e  o f  1 .5  R.hr and  who exe rc i sed  on a 
b i c y c l e  ergometer.  The r e s u l t s  a r e  shown 
i n  F ig .  1 2 .  Sub jec t  A i s  t h e  same i n d i v i d -  
u a l  exposed (6 months e a r l i e r )  t o  100  R 
(30 R/day) a t  1 .5  R/hr and who demonstrated 
no decrement u n t i l  3 days  p o s t i r r a d i a t i o n .  
S u b j e c t  B r ece ived  a t o t a l  exposure of  140 
R (10  R/day) a t  1 .5  R/h* bu t  postexposure 
e x e r c i s e  was n o t  accomplished due t o  unex- 
p e c t e d  thrombophlebi t i s .  While no pos t ex -  
posure  performance decrement was noted,  
s l i g h t  i nc reases  i n  r e s p i r a t o r y  var iance  
d i d  occur  dur ing  exposure of both pa t i . en ts .  
The s ign f i cance  of t h e s e  changes i s  n o t  
understood a t  t h i s  t i m e .  

These da t a  demonstrate  t h a t  pulmonary 
impedance power s p e c t r a l  a n a l y s i s  i s  cap-  
a b l e  of d e t e c t i n g  and p r e d i c t i n g  t h e  onse t  
and s e v e r i t y  of r ad ia t ion - induced  g a s t r o i n -  
t e s t i n a l  d i r t r e s s .  The approach a l s o  s e m  
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a 62-year-old p a t i e n t  exorcisin: an a b i q c l e  c r g a e t e r  
before. durin;, and a f t e r  total-body erposure (100 I1 
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Figure  11. Pulmonary impedance v a r i r n c e s  obta ined  from 
a 65-year-old p a t i e n t  exe rc i s ing  on a b i c y c l e  ergometer 
be fo re ,  during, and a f t e r  t o t a l -body  exposure (150 R) 
a t  30 R/day (1.5 R/hr). 
uatts;  pedaling speed was 4 0  R P M .  
min f o r  each t e s t  per iod .  

The e x e r c i s e  work load  was 2s 
Exerc ise  lasted 5 

Figure 12. Treatment windows shoring pulmonary iwebnce 
rar i rnce obtained from two pa t i en t s  before ,  durln;. and 
a f t e r  total-body expo~ure t o  da i ly  "Co f r a C 1 i M l  Of 10 
R a t  1.5 Rlhr. Subject A (aged 6 1  yr) received a t o t a l  

exposure of 100 R; subject  8 ( w e d  70 yr) .  140 R. Each 
pa t i en t  exercised per iodical ly  on b i cyc le  er[mter  
before n d  during erposun.  Subject A exercised a f t e r  
exposure. The exercise work loads f o r  A and B were SO 
h a t t i .  60 R P W  and bo watts. 4 0  RPM. respect ively.  
Exercise l a s t ed  5 m m  during each test period.  



t o  i l l u s t r a t e  t he  dose - ra t e  inf luence on 
the  hmUm r a d i a t i o n  prodrome and r e f l e c t s  
t he  e f f e c t i v e n e s s  Of i t s  chemotherapeutic 
c o n t r o l .  In a d d i t i o n ,  i t  provides a f a c i l e  control led exercise c o n d i t i o n s .  per for -  

ment e f f e c t s  of t o t a l -body  i r r a d i a t i o n  i n  
man. The r e s u l t s  i n d i c a t e  t h e  n e c e s s i t y  f o r  
s i m i l a r  s t u d i e s  over more extended p o s t -  
i r r a d i a t i o n  time pe r iods  and a c o r r e l a t i o n  
of  t h e  d a t a  with biochemical changes. In 
experiments underway with u n i r r a d i a t e d  vo l -  
u n t e e r s  and with p a t i e n t s  who r ece ive  

This system f o r  q u a n t i t a t i n g  r e sp i r a to ry  
e f f o r t  can also be used t o  d e t e c t  alters- 
tions in one t a b i l i t y  to per fom under 

means O f  measuring the performance decre-  mance decrement due t o  va r ious  s t r e s s e s  i s  
d i f f i c u l t  t o  q u a n t i t a t e  because of a lack 
of objectivity in most tests and bias due 
to different  levels of motivation. 
tests t h e  end point of increased respira- 
tory variance and the method of measuring 
it is too obtuse for  the test subject to 
recognize and f a l s i f y .  Increased f a t i g a -  

our 

tota'-bodY i r r a d i a t i Q n  we a r e  a t tempting 
to 

b i l i t y  has been reported a f t e r  total-body 
i r r a d i a t i o n  but l i t t l e  is  known about doses these changes i n  t h e  pulmonary 

impedance pneumograph during c o n t r o l l e d  

l a c t i c  a c i d  dehydrogenase, plasma c r e a t i n e  

t i c  t r a n s  aminasa. 

required and the time f o r  i t s  occurrence. 

analysis we found whi l e  observing 4 i r r a d -  

could occur during prolonged f r ac t iona ted  
exposures t o  1 0  R d a i l y  and a f t e r  comple- 
t i o n  of continuous exposures t o  30 R/day 

exercise with levels of expired co2 plasma Using pulmonary impedance power spec t r a l  

phosphokinase L and plasma glutamic-oxalace- i a t e d  p a t i e n t s  t h a t  increased f a t i g a b i l i t y  

SUMMARY AND CONCLUSIONS 
Changes in r e s p i r a t o r y  var iance revealed f o r  5 days. 

detected by t h i s  means occurred a t  lower 
The performance decrement 

by power Of the pulmonary 
impedance pneumogram can be  used to detect 
and measure s t r e s s e s  d i r e c t l y  o r  i n d i r e c t l y  
a f f e c t i n g  human i e s p i r a t o r y  funct ion.  

When g a s t r o i n t e s t i n a l  d i s t r e s s  occurred 
du r ing  a s e r i e s  of 5 total-body exposures 
of 30 R a t  a r a t e  of 1.5 R/min, i t  was 
accompanied by t y p i c a l  s h i f t s  i n  pulmonary 
impedance power s p e c t r a .  These changes 
d i d  no t  occur a f t e r  p r o t r a c t e d  exposure of 
250 R (30 R d a i l y )  a t  1 .5  R/hr t h a t  f a i l e d  
t o  cause r a d i a t i o n  s ickness .  

t o t a l  doses than previously reported f o r  
r8di8tion-induced fatigue and at  lower 
exposure r a t e s  than those t h a t  cause gas- 
trointestinal distress.  
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Oak Ridge Assodated Universities 

INTRODUCTION 

Whatever the  merits o f  t h e  pros and cons of of victims of rad ia t ion  accidents and of pa t ien ts  

undergoing e l ec t ive  rad ia t ion  exposure in the  

therapy of t h e i r  disease.  Unfortunately, f o r  our 

purposes, t he re  have been feu rad ia t ion  accidents 

where men have been exposed t o  known amtmts of 

present  day debates concerning manned space explo- 

r a t ion ,  r e s u l t s  of c l i n i c a l  s tud ie s  of rad ia t ion  

e f f e c t s  i n  man hirnselE do not  support t he  conten- 

t i o n  t h a t  man i s  too rad iosens i t i ve  an animal f o r  

t h i s  task.  Man, o t h e r  animals, e l e c t r i c a l  rad ia t ion .  On t he  o ther  hand, i n  therapeutic ex- 

components, machines, etc. are a l l  rad iosens i t ive  

but have d i f f e r e n t  to le rance  leve ls  t h a t  can be 

measured by the  f a i l u r e  p r o b a b i l i t i e s  of variously 

performing systems. 

only remotely important b io log ica l ly  o r  operation- 

a l l y .  Evaluation of t h e  space rad ia t ion  hazards t o  

man depend equally upon the  accuracy of our physical 

knowledge of t he  l e v e l s  and kinds of rad ia t ion  tha t  

he may encounter and our b io log ica l  knowledge of 

human rad ia t ion  responses. Biologically,  our 

knowledge is q u a l i t a t i v e l y  good but not quantita- 

t i v e l y  accurate f o r  man. Most quan t i t a t ive  

radiobiologic es t imates  must be extrapolated from 

o r  w i t h  the  a id  o f  s tud ie s  i n  animals where 

rad ia t ion  exposures can be cont ro l led  experimen- 

t a l l y  and r ad ia t ion  e f f e c t s  quant i ta ted  by 

des t ruc t ive  techniques not applicable t o  c l i n i c a l  

s tud ies .  

f o r  pred ic t ion  of t he  kinds and leve ls  of human 

responses has been gauged by many c l i n i c a l  s tud ies  

posures, 81though the  dose is well known, the 

rad ia t ion  e f f ec t s  a re  of ten  coifused by the pre- 

ex i s t ing  disease process. 

These may be immediately o r  Never the  less, my associates2 and I have been 

d i r ec t ing  the  major p a r t  of our e f f o r t s  a t  the 

Medical Division i n  Oak Ridge toward defining hman 

rad iosens i t i v i ty  from such c l i n i c a l  s tud ies  of 

r ad ia t ion  e f f ec t s  ( re fs .  1 - 9 ) .  These s tudies  

were begun i n  1959 when our f i r s t  human total-body 

i r r a d i a t o r  was constructed f o r  radiotherapy of 

pa t i en t s  with uniform exposures t o  onnidirectional 

beams from an array of gamma ray emitting radioiso- 

tope sources. 

support of t he  AEC and with su?port from NASA 

commencing in 1864, w e  have expanded these Studies 

of human therapeutic and b io logic  e f f ec t s  of 

s ing le  rapidly delivered exposures with low dose 

Since then, w i t h  the  continuing 

The s u i t a b i l i t y  of these  animal models 

*Gould A. Andrews, R. P I .  k i s e l e y ,  C. Lowell 

Edwards, R. Tanida, F. Coswitz, Frank C O W S ,  

H. Vodopick, E. Balish, G. Kingdon, C. Litt lefield.  

R. Ricks, w. Beck, T. Stokes, p. Aaron, E. From, 

E. NcDow, A. h'ebb, A. Sipe, blrs. S u t l i f f ,  and 

support staFf.  

'The s tudies  Upon which t h i s  chapter is based have 
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and augranted by SASA s ince  1364. 
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* r a t e  exposure s tud ie s  of pro t rac ted  o r  rctionated 

radiation effects. Here we a r e  now using another 

f a c i l i t y  (Fig. 1) constructed so le ly  fo r  such ex- 

posures hhich i n  some instances have taken as long 

as ten days -- about the  time f o r  a round-trip 

lunar exploration. 

from 6oCo gamma rays i n  t h i s  low-exposure-rate 

total-body i r r a d i a t i o n  f a c i l i t y  (“LETBI“) accumu- 

l a t e s  with 1.5 R/hr exposures: the  same ra t e  t h a t  

skin dose from protons would have, according t o  

Dye ahd Wilkinson (ref.  lo ) ,  i n  the  worst week ever 

recorded f o r  solar f l a r e  a c t i v i t y  i n  space. As can 

be seen i n  Figure 2 .  derived from t h e i r  study, the  

i n t e s t i n a l  doses from the therapeutic and solar 

forms of i r r a d i a t i o n  and t h e i r  respective r a t e s  of 

accumulation are widely divergent. The r e l a t ive ly  

small accumulated i n t e s t i n a l  dose from s o l a r  

protons o f f e r s  l i t t l e  o r  no chance f o r  untoward 

physiologic effects occurring from such rad ia t ion  

exposures i n  space. 

Coincidentally, the skin dose 

We have broadened thes Arect therapeut ic  

observations where possible by re t rospec t ive  s tud ie s  

of c l i n i c a l  data obtained from other American and 

Canadian inves t iga tors  and rad io therapis t s  who 

kindly made these data available t o  t h i s  pro jec t .  

To obtain some bas is  for  r e l a t ing  these r e s u l t s  

obtained with photons t o  those tha t  might occur 

a f t e r  exposure t o  high LET par t i c l e s ,  we have been 

following c lose ly  the  continuing s tudies  of t he  

ABCC s t a f f  a t  Hiroshima on the e f f e c t s  of mixed 

f i s s i o n  neutron and gamma i r r ad ia t ion  t h a t  occurred 

i n  the  Japanese atom bombings (see later). 

This paper could end r igh t  here i f  the  

question t o  be answered f o r  determining permissible 

exposures i n  space was only: 

flux t h a t  %antt can ” to le ra te”  and function in, 

while l i v ing  under almost continuous exposure 

What is  the  photon 
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Figure 2. The rate of dose accumulations in the skin and 
intestinal tract of patients exposed to 1.5 R of 6oCo gannna 

rays/hr contrasted with those estimated for those organs of 
an hypothetical astronaut shielded by a space vehicle in the 
solar proton fluxes that occurred between 10 and 17 July 1959. 
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. .  
. c 'ondi i iuis?  We know t h a t  p a t i e n t s  r s  as well as 

so thers )  t t t o l e r a t e "  t o t a l  accumulated exposures of 

photons up t o  250 R [average [est imated]  bone mar- 

row doses  o f  150 rads)  and d a i l y  exposures a t  r a t e s  

of 28 t o  33 R a t  1.5 R/hr. "Tolerat ion" h e r e ,  o f  

course ,  is used by me a t  t h e  s u b j e c t i v e  l e v e l ;  only 

a rare p a t i e n t  under t h e s e  exposure condi t ions  has 

shown g a s t r o i n t e s t i n a l  d i s t r e s s  o r  complained o f  

being s i c k  o r  t i r e d .  

exposures of t h i s  magnitude cause t h e r a p e u t i c  

depress ions  i n  blood leukocyte  or p l a t e l e t  l e v e l s ;  

percentage-depressions t h a t  would n o t  b e  d e s i r a b l e  

f r o m  an occupat iona l  medicine p o i n t  o f  view. 

Recently, as r e p o r t e d  i n  another  paper  (ref. 11) i n  

t h i s  symposium, we  have demonstrated, us ing  physio- 

l o g i c  monitor ing,  t h a t ,  unbeknowst t o  t h e  p a t i e n t  . 

being i r r a d i a t e d  a t  t h e s e  " tolerancetv levels, he 

becomes e x e r c i s e - i n t o l e r a n t  o r  more e a s i l y  f a t i g a b l e  

Hematologically, however, 

is used by me as t h e  b: 

response, recovery from damage, and i g n o r a b l e  

damage remaining i n  the  t o t a l  body o r  a s p e c i f i c  

organ system f o r  var ious per iods  o f  time. 

example, t h e  one most commonly used l e v e l  o f  rad ia-  

t i o n  t o l e r a n c e  f o r  any animal s p e c i e s  i s  i t s  

radiat ion-induced l e t h a l i t y  expressed i n  terms of 

t h e  exposure (R) or dose ( rads)  t h a t  is expected t o  

g i c  summation of i n i t i a l  

For 

k i l l  50% of t h a t  kind of  animals w i t h i n  30 or more 

days (LD50/30; L"so/60) * 

THE HUMAN LETHAL DOSE PROBLEM 

There i s  world-wide wi l l ingness  t o  accept  t h e  

estimate t h a t  t h e  dose t h a t  w i l l  k i l l  t h e  u n a t t e n d d  

normal man with 50 percent  c e r t a i n t y  w i t h i n  60 days 

of exposure (LD ) is 450 R and t h a t  t h e  

mechanism of dea th  i s  damage t o  h i s  hematopoiet ic  

system and defense mechanisms a g a i n s t  i n f e c t i o n .  

The degree of acceptance of t h i s  450-R value is 

S0/60 

even though no Sy;nptom o f  t h e  prodromal r a d i a t i o n  

syndrome o r  G I  s i c k n e s s  occur .  Although we b e l i e v e  

we are d e f i n i n g  i n  t h e s e  r e t r o s p e c t i v e  and on-going 

s t u d i e s  a less- than-ten-day continuous i r r a d i a t i o n  

" tolerance" l e v e l  f o r  man, w e  a l s o  know t h a t  many a f t e r  World War I1 (ref. 13) .  I t  i s  t h e  obvious 

more human observa t ions  are needed b e f o r e  we can 

p r e d i c t  with c e r t a i n t y  how r a d i o s e n s i t i v i t y  of 

var ious  b i o l o g i c  systems change when exposures Occur 

s lowly o v e r  extremely l a r g e  time p e r i o d s  aqd t o  

r e l a t i v e l y  non-reparable  high LET r a d i a t i o n s .  

l a t e  b i o l o g i c  consequences of  i r r e g u l a r ,  numerous 

small exposures  t o  high,  as well as low, LET 

p a r t i c u l a r  

problem because t h e y  are the r e s t r i c t i v e  criteria 

on which Safe l e v e l s  Of occupat iona l  exposures must 

rest. 

s u r p r i s i n g l y  high i n  view of i t s  h i s t o r y  and i t s  

lack of v a l i d  support from repor ted  human d a t a  

(ref. 12). The importance of e s t a b l i s h i n g  t h i s  

number for man was recognized dur ing  and immediately 

poin t  of re ference  f o r  r e l a t i n g  the r a d i o s e n s i t i v i t y  

df man t o  t h a t  of  o t h e r  mammals whose r a d i a t i o n  

s e n s i t i v i t y  has  been well e s t a b l i s h e d  by y e a r s  of 

ex tens ive  research  - most commonly by determining 

p r e c i s e l y  t h e  L D ~ ~  and i t s  confidence limits for 

t h e  s p e c i e s  (ref. 14) .  This  number, which i s  re- 

producible  experimental ly  i n  l a b o r a t o r i e s  around 

t h e  world f o r  each spec ies ,  has  r i g h t l y  become the 

s i m p l i e s t  expression f o r  mammalian r a d i o s e n s i t i v i t y .  

Because of t h e  

t i o n ,  it has a l s o  become t h e  end p o i n t  most c o m n b '  

used i n  rad iobio logica l  s t u d i e s  of r e l a t i v e  effec- 

t i v e n e s s  of various kinds of ion iz ing  and nonioniz- 

i n g  r a d i a t i o n s  and var ious kinds of r a d i o p r o t e c t i v e  

The 

r a d i a t i c n s  remain our  most serious 

of its experimental  determina- 

The word "tolerance,"  of course,  h a s  many def- 

i n i t i o n s  and many inferences  t h a t  change i n  r e l a t i o n  

t o  t h e  b o d i l y  func t ions  be ing  considered. The term 
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a g e n t s  anti p o s t i r r a d i a t i o n  therapy .  

Just how t h i s  estimate of  450 R f o r  man's 

t o t a l - b o d y  r a d i a t i o n  t o l e r a n c e  Mas made has  never  

been revea led  p u b l i c a l l y .  

made ( r e f .  15) t h a t  Warren and Bowers based t h e i r  

estimate on l e t h a l i t y  d a t a  obta ined  by t h e  J o i n t  

Commission of t h e  Medical Departments o f  t h e  U. S. 

Army, Navy, and t h e  Manhattan Engineering District 

i n  Japan  during 1945. Most such accounts  must.be 

apocryphal  s i n c e  t h e r e  was a t e n f o l d  e r r o r  i n  t h e  

Hiroshima bomb-yield estimates t h a t  would have 

b i a s e d  t h i s  number upwards and made it impossible  

t o  r e c o n c i l e  with t h e  lower exposures  i n  Nagasaki. 

These c o r r e c t i o n s ,  c a l l e d  "T65 doses" ( r e f .  16) are 

t h e  ones now in w e  a t  ABCC i n  r e t r o s p e c t i v e  eva l -  

u a t i o n  of human responses i n  t h e s e  bombings. 

Attempts t o  increase  t h i s  es t imate  t o  600 R, 

The assumption has been 

50/60 i n  t h e  b e l i e f  t h a t  t h e  suggested human LO 

impl ied  a depth dose of  450 rads of photon energy, 

~~ 

.. ___-.- -.-e 

have been fought o f f  s u c c e s s f u l l y  by s e v e r a l  

i n v e s t i g a t o r s ,  no tab ly  by Cronkite and Bond (ref . .  

17) on t h e  b a s i s  o f  t h e i r  observat ions of t h e  

hematopoietic responses of t h e  Marshallese n a t i v e s ,  

inadver ten t ly  i r r a d i a t e d  by f a l l o u t  a f t e r  a Bik in i  

atom bomb test ( r e f .  18). 

The LDsO, by d e f i n i t i o n ,  forms t h e  b e s t  s i n g l e  

measurement of  t h e  upper or  acute  l e t h a l  boundary 

o f  total-body r a d i a t i o n  to le rance  (see Fig. 3). 

There have been s e v e r a l  a t tempts  t o  check the 450-R 

es t imate  from human case h i s t o r i e s  a f t e r  bo th  acci- 

d e n t a l  and i n t e n t i o n a l  r a d i a t i o n  exposuns .  

are tabula ted  i n  Table  1 t o  show how al l  s t u d i e s  

have produced values  lower than t h e  o r i g i n a l  esti- 

mate and seem t o  i n d i c a t e  t h a t  456 R i s  too high t o  

be considered an es t imate  of  midline depth-dose 

(absorbed r a d i a t i o n  energy) .  

cludes t h e  r e s u l t s  o f  two recent  a t t e q t s  t o  obta in  

These 

The t a b l e  a l s o  i n -  

Table  1 

EDUCATED GUESSES AND SOME CLINICAL AND STATISTICAL 

ESTIMATES OF H W V  TOTAL-BODY RADIATION TOLERANCE 

A. NORMAL t*%i 

1. Narren and Bowers (ref. 12) 
2 .  C r o n k i t e  and Bond (ref. 17) 
3. Langham (ref. 15) 
4. Jablon e t  a l .  (ref. 19) 

1. Math; e t  al. (ref. 20) 
2. Langham (ref. 15) 
3. Lushbaugh e t  al. ( r e f .  4) 

AND BURN TRALM 

1. Lushbaugh and Auxier ( r e f .  21) 

B. PATIENTS 

C. NORMAL blAii + BLAST 

*RBE f o r  f i s s ion  n e u t r o n  component = 5'. 

+RBE for f i s s i o n  n e u t r o n  component = 2. 

450 R 
350 rad 
430 R (285 rad)  
405 remC 

400 R 
380 R (250 rad)  
370 R (245 rad)  

260 r e d  
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Figure  3. Acute hemopoietic syndrome is defined graphically 

The p rob i t  regression 
Depth dose is shown i n  

by estimates of effect ive single doses f o r  radiation-induced 

anorexia and l e t h a l i t y  i n  patients. 

l ines  have shaded f iducial  limits. 
"epigastric" rads t o  indicate that  it is the f r ac t ion  of the 
free  f i e l d  of photon radiation absorbed in  the  midline, 

midplane of the upper abdomen. 
64 t o  68 percent of the exposure i n  an average-sized man. 

This reference dose i s  usually 
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estimates of the human LDs0 from the  Hiroshima- 

Nagasaki exposures t o  mixed f i s s i o n  neutrons and 

g a m  rad ia t ion  ( re fs .  2 1  and 19). Many la rge  

animal experiments using f i s s i o n  neutrons,  pa r t i c -  

u l a r l y  those of Alpen ( r e f .  22) and Bond ( r e f .  23) 

and co-workers have provided a s t rong  bas i s  f o r  

forming the  opinion t h a t  i n  Iflarge" animals l i k e  

man, dogs, swine, and cattle the  RBE o r  QF f o r  high 

LET rad ia t ion  is 1.0 f o r  acute hematopoietic death 

(ref.  15). In s tud ie s  of human dermal responses t o  

fast neutrons ( re fs .  24 and 25) ,  RBE values of from 

2 t o  4 are needed, as i n  lower animals, t o  equate 

neutron dose fo r  sk in  erythema with t h a t  of t h e  

reference (low LET) rad ia t ion .  A QF value of 3 f o r  

high LET rad ia t ion  (>3.5 keV/p) has. however, been 

suggested only f o r  damage t o  sk in ,  i n t e s t i n e s ,  and 

germinal epithelium (and not f o r  prodromal responses, 

ea r ly  hematologic responses, a s  wel l  as hemato- 

poietic death [ref. 151). 

t o  m e  t o  depreciate the well-known, experimentally- 

proven f a c t  t ha t  suble tha l  c e l l u l a r  i n ju ry  induced 

by high LET rad ia t ions  i s  i r r epa rab le  and as perma- 

nent a s  t h e  c e l l  i n  which it occurred. I t  would 

seem b io log ica l ly  more conservative,  pa r t i cu la r ly  

from a sa fe ty  point of view, t o  assume t h a t  i n  human 

t i s s u e s ,  including marrow, the  damage caused by a 

- dose of high LET rad ia t ion  would be poorly repaired 

as it is  in  s imi l a r  small animal t i s s u e s ,  and tha t  

hematopoietic as w e l l  as sk in  and i n t e s t i n a l  crypt 

stem-cells would s u f f e r  equally i n  respect t o  

ac tua l  from the same high LET rad ia t ion .  

The answer t o  t h i s  problem i s  s t i l l  disputable,  

This recommendation seems 

but t he  more recent observations i n  the Japanese 

lend weight t o  the o ther  s ide  of the  question for  

t h e  f i r s t  time. Lushbaugh and Auxier ( re f .  21) 

used d a t a  from an unpublished study of t he  e f f e c t s  

of various kinds of sh ie ld ing  upon surv iva l  in both 

c i t i e s  i n  r e l a t ion  t o  the  T-65 dose estimates of 

the f ree- f ie ld  fluxes a t  the 50 percent survival 

po in ts .  

using an RBE of 2. 

be low because it should r e f l e c t  the additive 

e f f e c t s  of heat and b l a s t  combined with radiation- 

induced damage. The more recent study by Jablon 

et  a l .  ( re f .  19) , r e l a t e s  the  estimated individ- 

ualized doses received by --lOO,OOO survivors i n  the 

two c i t i e s  with t h e i r  c l i n i c a l  h i s to ry  of ep i l a t ion  

and oropharyngeal hemorrhages. 

e p i t h e l i a l  and tons i l la r -adenoida l  ba r r i e r s  t o  

infec t ion  have not  been given much consideration i n  

recent discussions of the acute hematopoietic 

syndrome. 

point f o r  measurement. 

sore throa t  is a symptom complex known as agranulo- 

c y t i c  angina t h a t  stems from pharyngeal ulceration, 

b a c t e r i a l  invasion, granulocytopenia, and thrombo- 

cytopenia. 

measurable quantum of damage from total-body 

i r r ad ia t ion ,  any addi t ive  e f f e c t  of other forms of 

concomitant traum w a s  avoided i n  the ABCC study. 

As can be seen i n  Table 2,  t he  i soef fec t ive  expo- 

sures  a r e  only equal i n  rem when an RBE much greater 

than uni ty  is used for t h e  neutron component of the 

exposures. The i soe f fec t ive  exposure dose (EDSO) 

of 405 rem tha t  was found is  remarkably close t o  

the  or ig ina l  human LDSO estimate.  I t  i s  an even 

c lose r  estimate of t h e  exposure f i e l d  strength that 

would be required f o r  a mid-line human dose of 285 

t o  300 rads suggested as the  possible human LDso/6o 

by Langham (ref. 15) and Cronkite and Bond ( re f .  

17). The 310 ren ,  estimated as the isoeffcctive 

estimated dose for  e p i l a t i o n  i n  both c i t i e s  using 

an RBE of 4 f o r  neutrons,  is likewise remarkblY 

close t o  the widely accepted c l in i ca l  value of 30°R 

They obtained an LDSO estimate of 260 rem 

This  estimate was e q e c t e d  t o  

The human pharynged- 

Yet it is  an excellent objective end 

This pa infu l ,  hemorrhagic 

By using t h i s  system complex as  the 



Table 1 

Epilation 

Resultin; Estimatas of 
Nevrroa RBE Used Isoeffective Doses* 

N 

300 
SI* 
310 

- W - 
(rem1 . .  

1 I90 
b *SI0 
5 360 

1 200 375 
b 360 S O  
5 4 0 5  405- 

*&proximt.d from graphic data of AIU: Study  by J a b l a  e t  a1. 
(ref. 19). 

of X r ad ia t ion  as the  rad ia t ion  exposure causing 

e p i l a t i o n  i n  ran.  These correspondences seem t o  

demonstrate an i n t e rna l  consistency i n  the  da t a  and 

t h e i r  analyses t h a t  ind ica tes ,  t o  me a t  l e a s t ,  t h a t  

neutrons do have an RBE grea te r  than 1.0 f o r  acute 

hematologic, as well as  f o r  skin,  e f f e c t s  i n  man. 

I t  would seem d i f f i c u l t  t o  pass the  ABCC study o f f  

l i g h t l y  because it does not agree with la rge  animal 

observations.  We should not ignore MathC's obser- 

vation ( r e f .  20) t h a t  the  man who died a f t e r  

neutron exposure i n  the Yugoslavian rad ia t ion  acci-  

dent had much more extensive marrow des t ruc t ion  

than was t o  be expected on the bas i s  of h i s  estima- 

ted  dose of 430 rads. There seems t o  be less 

o f f i c i a l  reluctance t o  accept t he  use of a la rge  

RBE €or neutrons and other high LET rad ia t ion  when 

l a t e - e f f e c t  end points a re  considered. 

f rac t iona l -ce l l - surv iva l  s tud ies  demonstrate w e l l  

t he  r e l a t i v e  i r r e p a r a b i l i t y  of sublethal c e l l u l a r  

damage after high LET rad ia t ion  exposure and 

provide a f i rm  experimental bas i s  fo r  assuming a 

l a rge  QF f o r  such e f f e c t s  as genetic damage, 

leukemogenesis, and carcinogenesis a f t e r  s ing le  

exposures. 

Most 

When coupled with the  decrease i n  

I 3  1 : i q 1 2  

"damage 

s ys tems 

t i on  of 

furthex 

efficiency" t h a t  occurs i n  aost b io log ic  

with incieasing pro t rac t ion  o r  f r ac t iona -  

t he  same t o t a l  exposure, the  RBE increases  

Cref. 2 6 ) .  There i s  not much c l i n i c a l  in- 

fornation about high LET rad ia t ion  in  man o the r  than 

t h a t  about the well-known e f f e c t s  of a lpha -pa r t i c l e  

exposures i n  victims of radium poisoning and in 

uranium miners. The da ta  under study by ABCC pm- 

vides unquestionable ve r i f i ca t ion  f o r  t he  la rge  QF 

f o r  f i s s i o n  neutrons f o r  leukemogenesis and thyro id  

carcinogenesis ( re f .  27) a f t e r  s ing le  exposures. 

In Figure 3 the acute hematopoietic s y n d m w  

of i r r a d i a t e d  man is  defined as the  p robab i l i t y  of 

of response estimates i n  respect t o  total-body 

photon exposures. 

forms the  upper bound and t h a t  of acute GI d i s t r e s s  

of the prodromal syndrome forms the lower bound of 

the  envelope. 

s h i f t  when exposure i s  prolonged or f rac t iona ted  i s  

our continuing problem. 

Here, p robabi l i ty  of l e t h a l i t y  

How these dose-response r e l a t i o n s  

Retrospective s tud ies  of a large volume of 

c l i n i c a l  da ta  ex t rac ted  from hospi ta l  charts of 

2000 pa t i en t s  given therapeut ic  total-body i r r a d i a -  

t i o n  have given us dose-response r e l a t ions  f o r  t h e  

symptoms and signs of the prodromal syndrome. The 

s t a t i s t i c a l l y  determined s ing le  exposures t h a t  can 

be expected t o  produce these symptoms i n  50 percent 

of t he  pa t i en t s  so exposed are  shown i n  Table 3 

along with the  increased leve ls  of the exposure 

required f o r  the  same incidence when the  exposure 

geriod is lengthened. 

When total-body exposure occurs promptly i n  

less than one day, the  e f f ec t ive  dose f o r  50 percent 

incidence of these response (EDso) are: 

147 R; nausea, 210 R; vomiting, 277 R;  and d ia r rhea ,  

348 R. 

these responses i n  respect t o  dose ind ica t e s  t h a t  

anorexia, 

The log-normal frequency d i s t r ibu t ion  of 
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Tablc 3 

ACCWIJIATEO ESTI!IATEO EXPOSURES. FOR 

SO PERCEhT 1NCIOENCE OF PHYSIOLOGIC SYWTOS 

Exposure Length 
m d c r  of Patients) 

Anorexia 
Nausea 

Voriting 
Fatigue 
Diarrhea 

cl Day e6 Days >8 Days 
(504) ( 1 O i )  (1083) 

(W 
147 309 600? 

2 10 Y)7 7503 

217 74s .goo? 

225 4001 

Y 8  Boo 
~~ 

Widl ine  upper rbdodnrl dose (FLU = 0.66 Exposum R). 

? - Cussstimate; 2 0  t o  30 R/&y is ap7arenr threshold of dose rate. 

the exposures  r e q u i r e d  f o r  t h e i r  10-percent  incidence 

would b e  about  one-fourth of  t h a t  for a SO-percent 

i n c i d e n c e  (ref. 4 ) .  The p r o b a b i l i t y  dose-response 

c u r v e s  > r e d i c t i n g  t h e  popula t ion  inc idence  o f  t h e s e  

responses  a r e  s t e e p e s t  f o r  anorexia  and become 

p r o g r e s s i v e l y  less s t e e p  for nausea,  vomiting, and 

d i a r r h e a  i n  that  o r d e r .  This  fami ly- l ike  r e l a t i o n -  

s h i p  of t h e  p r o b a b i l i t y  curves f o r  t h e  occurrence 

of the e f f e c t s  from mild t o  severe  sugges ts  t h a t  

i n d i v i d u a l  v a r i a t i o n  i n  a b i l i t y  t o  r e p a i r  t h e  under- 

l y i n g  p h y s i o l o g i c  damage is p r o g r e s s i v e l y  g r e a t e r  

fo r  each s t e p  i n  s e v e r i t y .  If t r u e ,  t h i s  a n a l y s i s  

p r e d i c t s  t h a t  a r a d i o s e n s i t i v e  person  who shows, for  

example, nausea  a t  a low dose would be more l i k e l y  

t o  show o t h e r  symptoms and s i g n s  o f  g r e a t e r  damage 

per u n i t  o f  i r r a d i a t i o n  than a r a d i o r e s i s t a n t  

person  i n  whom nausea d id  not  occur  wi thout  a much 

g r e a t e r  exposure.  

damage t h r e s h o l d  o f  t h e  human spermatogonia type B 

of about  15 r a d s ,  t h e s e  g a s t r o i n t e s t i n a l  physiologic  

e f f e c t s  are t h e  most radioresponsive.  

t e x t  o f  space e x p l o r a t i o n ,  t h e s e  e a r l y  g a s t r o i n t e s -  

t i n a l  e f f e c t s  appear  t o  be  t h e  most l i k e l y  symptoms 

Except for  t h e  low-radiat ion-  

In  t h e  con- 

I 1 I .:I q '1 3 
1 3  

t o  occur  with small exposures and t h e r e f o r e  t o  be 

t h e  most l i k e l y  t o  reduce performance c a p a b i l i t i e s .  

T h e i r  occurrence would be improbable, however, 

when t h e  exposing r a d i a t i o n  f l u x  was less than 

20-30 R/day and t h e  r a d i a t i o n  was poor ly  pene t ra -  

t i n g ,  two condi t ions  t h a t ,  on the b a s i s  of previora  

space r a d i a t i o n  measurements, seem to have a h i g h  

probabi l i , ty .  

for  h igh  LET r a d i a t i o n  for product ion of these 

phys io logic  e f f e c t s .  Although one might guess that 

the q u a l i t y  f a c t o r  CQF) might be  greater than three, 

t h e  r e s u l t s  of s t u d i e s  on t h e  effect  of dose pro- 

t r a c t i o n  upon t h e  s ize  of t h e  effective exposure 

dose (shown in  Table  3) i n  1,085 p a t i e n t s  given 

small, d a i l y  total-body exposures, suggest  that  

between 20-30 R/day a r e  requi red  f o r  30 or  more 

days t o  cause these  symptoms; exposures of from 10 

t o  20 R/day produced nausea inf requent ly  even when 

t h e s e  exposures were de l ivered  r a p i d l y  a t  approxi- 

mately d a i l y  i n t e r v a l s  f o r  t h r e e  t o  f o u r  weeks; 

exposures of about 5 t o  6 R.day were phys io logica l ly  

symptomless. 

Nothing i s  known t o  suggest  an RBE 

Although a l l  o f  OUT s t a t i s t i c a l l y  v a l i d a t e d  

human information i n  t h i s  a rea  i.s derived f r o n  

exposures t o  photons, t h e r e  is no reason t o  b e l i e v e  

t h a t  f i s s i o n  neutrons de l ivered  i n  small d a i l y  doses 

for prolonged per iods t o  t h e  s e n s i t i v e  midabdoninal 

t r igger -zone  would produce damage t h a t  would ever 

summate i n  t h e  acute  onset  o f  g a s t r o i n t e s t i n a l  

d i s t r e s s .  

u l a r l y  i f  chronic  exposures are constrained by 

c u r r e n t  planning limits of 0.15 rem/day through 

r e a c t o r  s h i e l d s  ( r e f .  15) .  

This  opinion would seem correct, p a r t i c -  

Recent observat ions obtained during t h e  

physiologic  monitoring of p a t i e n t s  i n  our LETBI 

u n i t  during and a f t e r  low-exposure rate ( l e s s  t h v l  
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1.5 R/iay and low t o t a l  o a i l y  ex 

30 R/day) confirm t h e s e  a n a l y s e s  of  p a t i e n t s '  

char ted  h i s t o r i e s  t h a t  r e v e a l  t h e  absence o f  a c u t e  

GI d i s t r e s s  under t h e s e  c o n d i t i o n s  ( r e f .  11) .  They 

i n d i c a t e ,  however, t h a t  i n c r e a s e d  f a t i g a b i l i t y  can 

occur  with small d a i l y  exposures  o f  t h i s  magnitude. 

These s t u d i e s  a r e  s t i l l  too fragmentary t o  be  

considered a s t a t i s t i c a l l y  sound b a s i s  f o r  pred ic-  

t i n g  t h e  inc idence  o f  rad ia t ion- induced  f a t i g u e  a t  

low-exposure rates. So f a r ,  however, us ing  b i c y c l e  

ergometry, we have observed performance c a p a b i l i t y  

has  decreased a f te r  s i n g l e ,  prompt exposures (150 R) 

and after low-exposure ra te ,  f r a c t i o n a t e d ,  15 d a i l y  

exposures o f  10 R (150 R). 

based on pulmonary impedance pneumography, seem t o  

show t h a t  t h i s  form o f  performance decrement fol lows 

a cyc l ic - t ime course  with a p e r i o d i c i t y  depending 

on t h e  i n i t i a l  r a t e  of i n d u c t i o n  of r a d i a t i o n  damage. 

The long d u r a t i o n  o f  t h e  effect  after one exposure 

could conceivably be  enhanced by subsequent ,  

remotely-spaced exposures  b u t  w e  a r e  u n c e r t a i n  of 

t h i s .  This  effect could b e  a t h r e a t  t o  performance 

dur ing  long-durat ion space miss ions  i f  small rad ia-  

t i o n  exposures and muscular i n a c t i v i t y  worked 

t o g e t h e r  t o  reduce phys ica l  s t r e n g t h  and condi t ion ing  

EFFECT OF MULTIPLE EXPOSURES ON LETHALITY 

Lrc o f  less than  

These measurements, 

A l m o s t  no th ing  i s  known i n  t r u l y  q u a n t i t a t i v e  

t e r m  about t h e  e f f e c t  of p r o t r a c t i o n  o r  

f r a c t i o n a t i o n  of  human exposures  upon t h e  s i z e  of  

t h e  i s o e f f e c t i v e  lethal dose. 

Study Panel used an unpublished s tudy  of Focht, 

Nickson, and Langham i n  i t s  e v a l u a t i o n  of t h i s  

problem ( r e f .  15) t o  see if c l i n i c a l  d a t a  obta ined  

from t h e  medical records  of t h e  Heublein total-body 

i r r a d i a t i o n  u n i t ,  Memorial H o s p i t a l ,  could be  f i t t e d  

t o  a Strandqvis t - type  of  mathematical model. In 

The Space Radiat ion 

t h i s  r e t r o s p e c t i v e  s 

b a s i c  d i s e a s e  and o f  t h e  p r o t r a c t e d  low-dose-r8te 

r a d i a t i o n  i n  causing death could not  be determined. 

Whether OT not  a p a t i e n t  died dur ing  o r  wi th in  60 

days of  h i s  t reatment  was recorded only a s  yes  OT 

no quanta l  information and graphed i n  r e l a t i o n  t o  

t o t a l  accumulated e.xposure and d u r a t i o n  o f  exposure. 

The t h r e e  graphic  areas def ined  by exposure and 

time were de l inea ted  by t h e  inc idences  f o r  >90% 

death,  50% dea th ,  ~ 1 0 %  death.  

t h e s e  d a t a  t o  t h r e e  p a r a l l e l  l i n e s  f o r  t h e  90 ,  SO, 

and 10% p r o b a b i l i t i e s  o f  dea th  were then computed 

by Langham (unpublished) using a "Strandqvis t"  

(ref. 28) power f u n c t i o n  model: 

j t h e  r e l a t i v e  r o l e s  of the 

The b e s t  f i t  of 

I s o e f f e c t i v e  ( f r a c t i o n a t e d )  LDs0 = 345 to.26 

Where 345 is the assumed nominal s i n g l e  lethal 

dose i n  rads  (midl ine absorbed photon energy) 

f o r  a s i n g l e  p r o t r a c t e d  exposure t o  about 530 

R of  X r a d i a t i o n  over  one week; t is used f o r  

exposures longer  than 1 week's d u r a t i o n  and 

t h e  exponent o f  t is  t h e  power-function o r  

s l o p e  cons tan t  of t h e  log-log regress ion  l i n e .  

This model and its parameters  were graphed (Fig. 4) 

by t h e  au thor  t o  show how t h i s  model p r e d i c t s  these  

i s o e f f e c t i v e  l e t h a l  dosage l e v e l s  (90, 50 ,  and 10%) 

w i l l  increase  with i n c r e a s i n g  dura t ions  of  exposure 

up t o  a year .  The amount of r e p a i r  p r e d i c t e d  by 

t h i s  model f o r  photon i r r a d i a t i o n  i s  remarkable. 

I t  is  of i n t e r e s t  t h a t  t h e  power func t ion  (or  s lope 

*cons tan t )  der ived  from the b e s t  f i ts  was 0.26, a 

number remarkably similar t o  t h a t  factor f o r  normal 

sk in  damage and tumor cures  ( r e f .  28) and hemato- 

l o g i c  damage ( r e f .  29).  As shown i n  t h e  f i g u r e ,  

t h i s  model p r e d i c t s  50% s u r v i v a l  a t  18 rads/wk o r  

S3 r a d s  (marrow dose)/day/year. The s lope  o f  t h i s  

regress ion  l i n e  f o r  i n c r e a s e  i n  LDSO, a s  marrow 
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LASL MODEL OF HUMAN LETHALITY FOR FRACTIONATED 
EXPOSURES-AFTER FOCHT AND NICKSON 

20 1 

af ter  t h e  accident  (shown by t h e  a s t e r i s k  i n  Figure 

4 )  received h i s  d a i l y  exposures (984 t o  1,717 rem 

i n  106 days) during t h e  n i g h t  while  s leeping .  

wife  and his mother were i r r a d i a t e d  cont inuously 

day and n ight  as they worked about t h e  house where 

an unrecognized radiography 6oCo source was s t o r e d .  

The f o u r  deaths i n  t h i s  family of f i v e  were found 

at autopsy t o  be  from severe  hematopoiet ic  damage 

t h a t  l e d  t o  hemorrhage and i n f e c t i o n .  A l l  b u t  t h e  

surv ivor  acted as though they had a plague-l ike 

d isease .  

I5 - 
His 

e '- 
m a 

TIME (WEEKS) 

The surv ivor ,  however, had s u r p r i s i n g l y  

dose  i s  p r o t r a c t e d ,  would b e  s t e e p e r  i f  fatal  

d i s e a s e s  were not p r e s e n t  i n  t h e  s tudy  popula t ion .  

A r e c e n t  s tudy of c l i n i c a l  and a c c i d e n t  d a t a  i n d i -  

cates t h a t  t h i s  s l o p e  may b e  i n c r e a s e d  as much as 

2 or 3 times i f  t h e  exposed persons  have normal- 

h e a l t h  hematopoiet ic  systems ( r e f .  29). 

Low-dose-rate exposure a t  t h e  ra te  suggested 

by  t h e s e  conbined o b s e r v a t i o n s  (about 10 R/day i f  

t h e  Yuhas correc t ion  of 3 is accepted)  is ,  however, 

a p p a r e n t l y ' n o t  t o l e r a b l e  for man for a year .  

f ac t ,  t h e  events  i n  t h e  1964 Mexican acc ident  can 

be i n t e r p r e t e d  a s  demonstrat ing t h a t  i n  only 100 

days  o f  such i r r a d i a t i o n  an exposure c l o s e  t o  t h a t  

for l e t h a l i t y  w i l l  be  accumulated at -10 R/day 

(ref. 30). One of t h e  v i c t i m s  i n  t h i s  acc ident  

was l i t e r a l l y  i r r a d i a t e d  t o  dea th  i n  115 days,  

dur ing  which time she rece ived  an es t imated  2,000 

t o  3,000 rem of cobal t -60  gamma r a d i a t i o n  (15 t o  

25 R/day [see Table 41) .  

s u r v i v i n g  at t h e  time of t h i s  w r i t i n g  seven y e a r s  

I n  

Her husband, uho is s t i l l  

few symptoms and signs of i l l n e s s  in c o n t r a s t  t o  

t h e  severe  radiation-induced atrophy of h i s  bone 

m a r r o w  t h a t  w a s  subsequently demonstrated by marrow 

biopsy. What symptoms he had were c h i e f l y  refer- 

r a b l e  t o  h i s  low-grade anemia r a t h e r  than h i s  

severe  leukopenia. 
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In Figure 5 ,  two ways a re  s. . i n  which the  

V a w 

dose-responsc r e l a t ions  may s h i f t  when exposure is 

protracted.  There a re :  (a) a dccrcase i n  the 

slopes of t he  sh i f t ed  p robab i l i t y  l i nes  caused by 

grea te r  r epa i r  of r ad ia t ion  damage accumulated 

slowly (revealed as  a g rea t e r  var ia t ion  i n  the 

response r a t e s  of the  population);  and (b) a simple 

displacement of dose-response envelope without a 

change i n  t h e  slope of t h e  l i n e s  f o r  the probability 

of response. 

t o  be expected when exposure is t o  high LET radia- 

t i on  where c e l l u l a r  damage i s  nonreparable. 

Figure 6 ,  t h e  r e s u l t s  a r e  shown when the U S L  

study is used t o  pred ic t  t he  level of human 

l e t h a l i t y  f o r  t he  exposure r a t e s  of 6 ,  20, and 30 

rads/wk. This p robab i l i t y  estimate,  shown by the  

so l id  l i n e  superimposed on those of Figure 5 ,  

supports t h e  many observations made in  mice i r rad-  

i a t ed  a t  low-dose r a t e s  t h a t  the  hematopoietic 

This dose-response displacement i s  

In 

system has  a remarkable a b i l i t y  t o  recover from 

slowly de l ivered  photon i r r ad ia t ion .  Recently, 

Yuhas, e t  al. (ref.  29) obiained additional 

evidence supporting t h i s  remarkable reparabi l i ty  

b i b l e  Dose- Response Relationships in Mon 1 

of the  normal human hematopoietic system when i ts  

exposure is made in  small f r ac t ions .  He derived a 

mul t i f ac to r i a l  regression node1 fo r  human blood- 

c e l l  responses t o  multiple as  well as s ingle  

total-body therapeut ic  exposures using approximately 

2,000 c l i n i c a l  case h i s t o r i e s .  Individual char t s  

were c a r e f u l l y  se lec ted  t h a t  mt strict  c r i t e r i a  

f o r  numbers of blood examinations, dosimetry, 

p rec ise  diagnbses. and evidence tha t  the individual 

was not i n  the terminal s tage  of h i s  disease. The 

dose-response pa t te rns  of 123  s ing le  exposures and 

395 mult ip le  exposures were studied in  four diag- 

nos t i c  groups of pa t i en t s :  chronic myelogenous 

I U 
PROPOSED EFFECT CONJECTURED EFFECTS OF 
OF PROMPT DOSE DOSE PfiOTRACTlON 

lL 
0 
z 10 
0 

leukemia (CML) , chronic lymphocytic leukemia (CLL), 

lymphosarcoma (E), and nonleukemic pa t i en t s  with 

normal blood values. 

a t  t h e  nadir was found t o  be r e l a t ed  t o  a power 

function on t o t a l  exposure and the duration of the 

therapy i n  days: 

The percent of W B C  remaining 

% W B C  = K [loo] * [D]'bl - [TIbZ 

K = a constant, required €or extrapolation 

t o  the ordinate a t  zero dose because 

no e f f ec t  was seen below 25 R 

D = t o t a l  exposure i n  R 

bl = the  slope of k WBC on D 

T = the  time of pro t rac t ion  i n  days 

b2 = the  slope of % WBC on a given D or f 
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'Ihe s l o p e  of p e r c e n t  W B C  on exposure was found 

t o  b e  e s s e n t i a l l y  equal  t o  -1.0 i n  a l l  d i a g n o s t i c  

groups (Table 5 ) .  I n  persons with normal marrow, 

p e r c e n t  UBC on time (T) a t  a given exposure (Dj in -  

c r e a s e d  as t h e  0.63 power o f  t h e  number of days 

s e p a r a t i n g  t h e  first and last f r a c t i o n a l  exposures 

used. In  CML, CLL, and LS t h i s  exponent was found 

t o  b e  0.39, 0.23, and 0.22.  

T a l c  5 

SLOPE tWsTAKIs AND TESTS OF YHE S T A ~ W  

SIGNIFICMCE OF THE W M D E L  (REF. 29) 

Single Erporures b l c i p l e  LEPDwrai 
DIag~osCic bl Cornlacion COrnlJtiA ? 

Grow Coefficients b2 b t f i c i m t i  valw 

"Norml" 1.04 0.57 0.63 0 .5s rO.02s 
*.wo1 M L  0.999 

CLL 0.911 0 . m  O.SJ3 ~0.0001 

Ls 1.119 0.42 0.731 0.567 4.0005 

0.82 0.382 0.569 

HUMAN LElHALllY M E R  ONE YE*R OF FRACTIONATED DOSAGE 
(EX~FWOLATED FROM FOCHT-NICI(SON-IAffiWAM1 

PROMPT FRACTIONS 

belief t h a t  t h e  leukocytes  i n  CLL, for example, a n  

much more r a d i o s e n s i t i v e  than the c e l l s  comprising 

t h e  WBC i n  OIL o r  i n  t'normal" persons. 

apparent devia t ion  from c l i n i c a l  "fact ,I1 however, 

can be explained by t h e  s i g n i f i c a n t  d i f fe rences  

This 

- 6 RADSlrlr 
5 
If 

I I I I I I I I 
o t ~ o  400 .OO 700 1000 1200 HOO 1-0 1800 found i n  t h e  va lues  for  b2. The l a r g e r  t h i s  pos- 

TOTIL DOSE (RAD!3 AUIIUY -a1u 

i t i v e  s lope  constant  t h e  more e f f e c t i v e  t h e  length 

of exposure p r o t r a c t i o n  is i n  increas ing  percent  

s u r v i v a l ;  according t o  these va lues ,  i n  t h e  "nor- 

mal." p r o t e c t i o n  of  t h e  whi te  blood c e l l  l eve l  by 

dose p r o t r a c t i o n  is t h r e e  times t h a t  found i n  CLL 

and LS (see Fig.  7). I n  t h e  l a t t e r  groups, dose 

p r o t r a c t i o n  should n o t ,  according t o  t h i s  a n a l y s i s ,  

The va lues  for t h e  s l o p e  constants .shown i n  

Table  5 have b i o l o g i c a l  i m p l i c a t i o n s :  The nega- 

t i v i t y  o f  bl  i n d i c a t e s  t h a t  as dose i n c r e a s e s , t h e  

p e r c e n t  s u r v i v a l  of p e r i p h e r a l  WBC decreases .  The 

correspondence o f  t h i s  va lue  f o r  each group t o  1.0 

may i n d i c a t e  t h a t ,  i n  t h e  d i f f e r e n t  ce l lu la rsys tems 

involved  i n  t h e s e  d i s e a s e s ,  d i f f e r e n c e s  i n  rad io-  

s e n s i t i v i t y  a r e  n o t  s i g n i f i c a n t .  

s u r p r i s i n g  i n  view of t h e  widely he ld  c l i n i c a l  

This  r e s u l t  i s  

decrease t h e  e f f e c t i v e n e s s  of t h e  t o t a l  dose as 

much as i n  t h e  "normal" group and as, t o  a lesser 

e x t e n t ,  i t  w i l l  i n  t h e  CML group. 

t a t i o n s  implied by t h e  a n a l y t i c a l  r e s u l t s  agree 

well with most c l i n i c a l  observa t ions  and suggest ,  

i n  keeping with experimental  observat ions,  t h a t  

normal t i s s u e s  are spared  more than abnorrml ones 

by dose p r o t r a c t i o n .  This  concept is  i n  f a c t  the 

r a t i o n a l e  f o r  f r a c t i o n a t i o n  and pro t rac t ion  of 

These i n t e r p r e -  
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r a j i a t i o n  therapy of malignant t i s s u e s  a d a i d s t  

normal ones. These observcd d i f f e r e n c e s  i n  

p e r i p h e r a l  KBC surv iva l ,  a f t e r  t h e  same r a d i a t i o n  

exposure,  probably r e s u l t  more from d i f f e r e n t  

e f f i c i e n c i e s  of recovery mechanisms than from 

i n a t s l y  d i f f e r e n t  c e l l u l a r  r a d i o s e n s i t i v i t i e s  i n  

these d iseases  (ref. 29). 

I t  is commonly assumed t h a t  hematologic 

effects r e f l e c t e d  by changes i n  p e r i p h e r a l  blood 

counts c o r r e l a t e  q u a n t i t a t i v e l y  with l e t h a l i t y .  

7his c o r r e l a t i o n ,  however, has n o t  been demonstrrtted 

ei ther c l i n i c a l l y  o r  experimental ly .  

r e g r e s s i o n  model f o r  t h e  e f f e c t  o f  dose- ra te  upon 

hematologic  parameters, such as blood granulocyte  

l e y e l s ,  cannot be used with much assurance as t h e  

r e g r e s s i o n  model r e l a t i n g  dose- ra te  and l e t h a l i t y .  

The obverse is  a l so  t r u e .  Bateman ( r e f .  31) ,  how- 

e v e r ,  h a s  shown well, a t  least  i n  my opinion,  t h a t  

d o s e - r a t e  da ta  f o r  such end effects as human dermal 

responses ,  and l e t h a l i t y  of mouse, r a t ,  swine, and 

sheep  can be f i t  as a l i n e a r  f u n c t i o n  of t h e  r e c i p -  

rocal cube root  of dose rate.  

o b s e r v a t i o n  stems i n  l a r g e  p a r t  from t h e  way t h e  

S t r a n d q v i s t  model and i ts  numerous modif icat ions 

a l l  approximate the  power-function exponent of 

0 . 3 3 .  

where a dose- ra te  e f f e c t  i s  e a s i l y  demonstrable, 

Bateman showed t h a t :  

Therefore ,  a 

This empir ica l  

Applying t h e  model t o  t h e  d a t a  o f  o t h e r s  

where D 

exposure is a t  an i n f i n i t e l y  r a p i d  rate,  

the  i s o e f f e c t i v e  dose a t  some lesser r a t e  (R ). 

The s i t e  o f  k, t h e  s lope  cons tan t  f o r  dose- ra te  

effect as a funct ion of t h e  cube r o o t  o f  R, seems 

t o  b e  r e l a t e d  t o  the  s i z e  o f  t h e  s inglc-exposure 

i s  t h e  s i n g l e  dose requirement when 

E D ~ l  i s  

1 

EXPOSURE PER100 (DAYS1 

Figure 7.  Graph of  the rate  of blood cell rscoveq predicted by 

tho Y u h u  mrltifrctorirl dose - WBC responst d e l  based 011 

c l i n i c a l  data of total-body irradiated pat ients  with no marmu 
disease ("most norral") , chronic granulocytic leukemia (CGL), 
chronic lymphocytic leukenia (CLL) , and l ~ h o s a r c o m  (IS). 
The data have been nomal i ted  to re lat ive  i s o e f f e c t i v e  urn 
dose for two-day protraction for each set t o  compare the r e l a t i v e  
doubling timcs (straight arrous] in  terms of exposure duration: 

7 days. normal; 9 days. CGL; 22 days, CLL; and 42 days, LS. 

dose given a t  convent iona l ly  r a p i d  ( therapeut ic )  

rates. 

k i n e t i c s  o f  t h e  animal s p e c i e s  and the c e l l u l a r  

system involved. 

of l e t h a l i t y ,  k was 1.6 for  swine, a s p e c i e s  known 

t o  have renarkably e f f i c i e n t  total-body r e p a i r ,  

and 0.65 f o r  sheep, an animal model o f  slow, in-  

e f f i c i e n t  r a d i a t i o n  r e p a i r  k i n e t i c s .  Also, 

apparent ly  t h e  more r a d i o s e n s i t i v e  a b i o l o g i c  

system i s  ( i . e . ,  t h e  smal le r  t h e  dose is t h a t  is 

requi red  t o  be e f f e c t i v e )  t h e  less well it r e p a i r s  

t h e  e f f e c t s  of  t h i s  m a l l  dose;  t h u s  t h e  s i z c  of  k 

i s  v a r i a b l c  wi th in  t h e  sane s p e c i e s ,  3 s  it  depcnds 

on t h e  s p e c i f i c  recovery mechanisms and k i n e t i c s  

of t h e  damaged b i o l o g i c  system. 

The s i z e  of  k a l s o  expresses  t h e  recovery 

For example, i n  Batesan 's  s tudy  
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c 

The Bateman model was used t o  c o n s t r u c t  a 

nomogram f o r  human dose-rate  t o l e r a n c e  u s i n g  some 

o f  the b i o l o g i c  end p o i n t s  whose d e r i v a t i o n  and 

v a l i d i t y  have been discussed above. 

i s  shown i n  Fig. 8. 

based on animal observa t ions  when normal human 

o b s e r v a t i o n s  a r e  not  a v a i l a b l e .  The e x t r a p o l a t i o n s  

e x t e n d  beyond 100 days even though the observa t ions  

upon which t h e y  are based do not  extend this far. 

They are extended t o  a year  i n  t h e  f i g u r e  t o  cor- 

respond t o  t h e  temporal requirement o f  deep-space 

e x p l o r a t i o n .  

the models of S t r a n d q v i s t ,  Yuhas, and Casarett 

( r e f s .  32, 33) do not  f i t  t h i s  r e c i p r o c a l  o f  t h e  

cube r o o t  scale of dose rate beyond one t o  t h r e e  

m n t h s  a f te r  which they curve r a p i d l y  upward, away 

from t h e  l i n e s  shown i n  t h e  f i g u r e ,  i n d i c a t i n g  

a g a i n  perhaps tit??. s u r p r i s i n g l y  g r e a t  reparabili ty 

tha t  most t i s s u e s  have o f  acute  r a d i a t i o n  damage 

T h i s  nomogram 

Some of the-assumpt ions  are 

Ext rapola t ions  of c l i n i c a l  d a t a  using 

induced a t  extremely low dose r a t e s .  

c l u s i o n  is, however, too  o p t i m i s t i c  f o r  occupa- 

t i o n a l  r a d i a t i o n  p r o t e c t  ion and long-mi s s i o n  

p lanning  g u i d e l i n e s  s i n c e  it p r e d i c t s  t h a t  no d i s -  

c e r n i b l c  a c u t e  responses w i l l  occur i n  marrow, gut ,  

or s k i n  below r a t h e r  high dose- ra te  t h r e s h o l d s .  

In the absence o f  much o b j e c t i v e  c l i n i c a l  support  

for t h e  q u a n t i t a t i v e  r e l a t i o n s  implied by the 

nomogram, such r e p a r a b i l i t y  

men cannot be  assumed. Even so, t h e  e x t r a p o l a t i o n s  

f o r  t h e  d o s e - r a t e  r e s p m s e  r e l a t i o n  o f  i n f e r t i l i t y  

and s t e r i l i t y  , severe  hematologic e f f e c t s ,  and 

hematopoie t ic  death shown i n  t h e  f i g u r e  a r e  more 

c o n s e r v a t i v e  than those of tlic Yuhas model, for 

example, as shown i n  Figure 7,  t h a t  p r e d i c t  a 

n i n e f o l d  i n c r e a s e  i n  an i s o e f f e c t i v e  dose f o r  

hematologic  damage t o  normal human marrow i f  

exposure !.eIc fraction3:ed over  R 3-.?3nth : , ? r ind .  

Such a con- 

on t h e  p a r t  of all 

Unti l  we obta in  a d d i t i o n a l  evidence that 

normal human marrow can a c t u a l l y  r e p a i r  as rap id ly  

as t h i s ,  t h e  c l i n i c a l l y  conserva t ive  approach i s  t o  

accept  t h e  worst p r e d i c t i o n s  of t h e  d e l ;  t h e  

doubling times of 21 t o  42 days f o r  CLL and LS, 

which, i n t e r e s t i n g l y  enough, approximate t h e  r a t e  

t h a t  t h e  Bateman model p r e d i c t s  i n  t h e  nomogram 

(Fig. 8) by t h e  l i n e  for  "severe" hematologic 

response f o r  p a t i e n t s .  

In  t h e  dose-rate  nomogram the accumulated 

i s o e f f e c t i v e  exposures are shown i n  the f i g u r e  i n  

R of photons. The e n c i r c l e s  star, 9, however, along 

wi th  the l i n e  far "Late Effects,m* which has no slop, 

should be considered as dose i n  rem. The Late 

E f f e c t s  l i n e s  a r e  intended t o  d e f i n e  on t h e  nom- 

gram t h e  h e - r a t e  t o l e r a n c e  boundary or t h e  safe 

occupat ional  upper limits f o r  human t o l e r a n c e  t o  

low-dose-rate exposure i f  remote and la te  e f f e c t s ,  

r a t h e r  than pronpt effects, m u s t  b e  considered 

( r e f .  34).  The o t h e r  s t e e p e r  l i n e s  i n  t h e  nomo- 

graph i n d i c a t e  p o s s i b l e  d o s e - r a t e  e f f e c t  on t h e  

s i z e  of accumulated doses for such undes i rab le  

prompt e f f e c t s  as t h e  50 p e r c e n t  r i s k  o f  dea th  

wi th in  60 days. 

b i l i t y  of  ever  occurr ing  i n  space explora t ion .  b u t ,  

as we have ind ica ted ,  are t h e  k ind  on which *.e have 

t h e  most c l i n i c a l  information.  Huch more c l i n i c a l  

information, however, i s  needed before  t h e  c r e d i t -  

a b i l i t y  of any of these  l i n e s ,  t h e i r  s l o p e s ,  and 

dose- ra te  r e l a t i o n s  can be e s t a b l i s h e d  s t a t i s t i c a l l y .  

The nomogram does, however, support  the  opinion 

t h a t ,  except f o r  t h e  renote  p o s s i b i l i t y  of  S O C . ~  

unforeseen, uncontrol lably l a r g e  expostire, m n  is 

more than s u f f i c i e n t l y  r a d i o r e s i s t a n t  t o  aake t h e  

r i s k s  of an e a r l y  acute  r a d i a t i o n  e f f e c t  on one 

short space n i s s i o n  in tangib ly  small  i n  r c l a t i o n  

t o  tlic o:hi.r ccn-rnJi.?risn risk: i i i v o l \ ~ - d .  

Such exposures have a low proba- 



R/YEAR R/DAY WMlH 
DOSE - RATE SCALE = $& 

Figure 8. A nomogram p r e d i c t e d  by t h e  Bateman model o f  t h e  effect  
of one-day, one-month, three-month, and one-year-long exposures  

on t h e  size of accumulated exposure requi red  t o  produce c o n s t a n t  
l e v e l s  o f  s e v e r a l  k i n d s  o f  somatic damage; 60-day l e t h a l i t y ,  

severe  damage t o  normal marrow, assuming man and sheep a r e  e q u a l l y  
r a d i o s e n s i t i v e  l a r g e  animals. The smaller a s t e r i s k  a t  ~ 1 0 0 0  R on 
t h e  3-month i so t i r re  l i n e  locates t h e  Mexican r a d i a t i o n  a c c i d e n t  
surv ivor  ( see  t e x t ) .  %e l i n e s  f o r  severe marrow damage,are 
e x t r a p o l a t e d  from c l i n i c a l  d a t a  poin ts  ( s o l i d  c i r c l e s )  and 
computed p o i n t s  (open c i r c l e s )  t o  show damage t o  d iseased  marrow, 
temporary ( reparable)  c e s s a t i o n  of sperm product ion,  reduced male 
f e r t i l i t y  and l a t e  e f f e c t s  such as increased r a t e  o f  cancer  

induct ion.  
es t imate  for man and has a regress ion  l i n e  with a s l o p e  

The largest a s t e r i s k  represents  t h e  o r i g i n a l  LDso,ao 

cons tan t  k = 0.65 running through i t .  Constants (k) a r e  assuned 
of  0.24  for  t h e  recovery  c a p a b i l i t y  of d i seased  and 2 x 0.24 for 
for normal hematopoiet ic  systems. The l i n e s  f o r  s t e r i l i t y  and 

low f e r t i l i t y  are based on t h e  human d a t a  ( re f .  15 [ s o l i d  circles]) 
and canine data (small a s t e r i s k s )  on t h e  one-year i so t ime l i n e  of 
C a s a r e t t  and Hursh (refs. 32 and 33). The "Late Effec ts"  l i n e s  . 
a r e  e x t r a c t e d  from t h e  Space Science Board Report ( r e f .  34). 
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DOSIMETRY FOR RADIOBIOLOGICAL STUDIES OF THE H U M A N  HEMATOPOIETIC  SYSTEM^ 

W. L. Beck, T. R. Stokes, and C. C. Lushbaugh 

Oak Ridge Associated Universities p!-E c'- ' ' 

I N T R O D U C T I O N  

At present, physical measurements of 
radiation exposure field fluxes are con- 
siderably more accurate than retrospective 
biologic estimates of the radiation dose 
in any particular exposure incident. How- 
ever, vide individual variation in clini- 
cal response to radiation exposure often 
creates an apparent disagreement between 
physical and biological dose estimates. 
This disparity is largely caused by bio- 
logic variations in radiosensitivity and 
systemic repair but is also the result of 
individually different depth-dose distri- 
butions owing to body size differences or 
orientation geometry occurring during 
otherwise equal exposures. 

Medical appraisal of the range of human 
biological variation in hematologic re- 
sponses is needed, but has not been made 
because dosimetric information about the 

real depth doses to the bone marrov of in- 
dividual patients is not available. The 

vide spatial distribution of bone marrow 
in the human skeleton makes the determina- 
tion of the total averaged dose or any 
local bone marrow dose difficult and at 
present requires an empirical approach. 
This study was performed to devise a sya-  

tem for estimating individual bone marrow 
doses in therapeutic radiation exposures 
of leukemic patients. These measurements 
are needed to make dose-response correla- 
tions and to study the effect of dose pro- 

traction on peripheral blood cell levels. 
Such correlations are basic to medical 

'Research supported jointly by U.S. AEC 

and NASA. 
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management of irradiated persons since the 
bone marrow is one of man's most important 
radiosensitive tissues; lethality within 60 
days of acute exposures from 200 to about 
1000 R usually results from hematopoietic 
failure. Some studies (refs. 1 and 2) have 
shown that in selected patient populations 
the human LD50/60 may approach a low of 250 
rads average body-dose, but confidence in 
these estimates is poor. 

During extended space explorations there 
may be little risk of receiving such size- 
able doses acutely but there i s  a real 
chance of accumulating doses to the marrow 
chat may be biologically significant. True 
correlation and variation of human hemato- 
logic responses to total-body irradiation 
(TBI) are sorely needed to help in estab- 
lishing workable limits for these occupa- 
tional exposures during missions in outer 

space. While the studies we have made were 
primarily intended for clinical uses, the 

data obtained is applicable to some of the 
dosimetric and shielding problems of space 

medicine. 
In the Oak Ridge Associated Universities 

(ORAU) Medical Division program of thera- 
peutic T B I ,  three irradiators with differ- 
ent exposure rates are in use: the ORAU 
low-exposure-rate total-body irradiator 
(LETBI) and medium-exposure-rate total-body 

irradiator (HETBI), and the University of 
Tennessee-AEC Variable Dose Rate Irradia- 

tion Facility (VDRIF). Each of these irra- 
diators was specifically designed to pro- 
duce a uniform field of high-energy-gamma 
radiation for tothl-body exposures of large 
animals and man. 

I 



T H E  I R R A D I A T O R S  

The LETBI facility consists of a large 

outer room (Fig. 18) in which a smaller ex- 

posure room (Fig. 1A) is centrally p o s i -  

tioned. Eight cobalt-60 sources o f  16 
Curies each are located in the outer room 
and they irradiate the treatment room from 

all sides. This arrangement prov1des.a 
radiation field uniform to within ?lo% in 
the living volume ( 1 6 x 1 6 ~ 8  ft) occupied by 
the patient. Treatments given at an aver- 
age exposure rate of 1.5 Rfhr have ranged 
from 3 to 8 days duration to provide total 
protracted exposures up to 250 R. During 
exposure the patient l e  free to move about 
the exposure r o o m  while being irradiated 
for 18 to 22 hr per day. This facility is 
described in more detail by Andreva, et a1. 
(ref. 3). 

A model of the HETBI facility is shol 
in F i g .  2. The control room is connect1 
b y  a curved hallway to the 8 x 8 ~ 8  foot 

treatment room. Eight cesium-137 sourct 
of 500 Curies each, located in the walls 

irradiate the centrally suspended treats 
bed. The radiation field in the 2 ~ 2 x 6  i 
volume occupied by the patient on the be 
is uniform to within ?5% of the 1.5 B / m i  

exposure rate in the volume center. Exp 

sure times here range from a feu minutes 
a few hours for total exposures of 20 to 
350 R. A complete description of this f 
cility has been published by Brucer (ref 

4). 
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The floor plan of the third irradiator 

(VDRIF) used in this therapy program is 
shown in F i g  3. S i x  cobalt-60 sources of . 
7700 Curies each are arranged in a rectan- 
gular array with 20 f t  between adjacent 
sources. Exposures are done with the 
patient lying on his side on a hospital 
stretcher in the center of the source 
array. During patient therapy five sources 
are used to provide exposure over the 
stretcher at a rate of 40 Rfmin f5X. To 
minimize the radiation hazard to hospital 

attendants, who might be required to aid 
the patient in case of equipment failure, 

w e  do not use source No. 1, which is near- 
est the entrance to the exposure room. A 
more complete description of this irradia- 
tor is given by Check., et al. (ref. 5). 

The radiation characteristics and dimen- 
sions of these irradiators are summarized 
in Table 1. 

il 
I- 

I '..a 1.n m 1.3 M. 
IrYO 

U.S. 

THE PHANTOM 

An Alderson Rando phantom (ref. 6 )  was 

used as a patient analogue. This standard- 
man-sized phantom is constructed of isocpa- 
nate rubber, equivalent to tissue in inter- 
actions with ionizing radiation. A human 
skeleton and density-adjusted lungs are 
contained within the otherwise solid phan- 
tom. The phantom is sliced into trans- 
verse sections 2.5 cm thick with holsa of 

5 mm diameter arranged in a 3x3-cm grid to 
provide positions for thernolumineacent 
dosimeters (TLD). When not in u s e  as do- 
simeter sites, the holea are filled with 
removable plugs of tissue-equivalent 

material. 
Each of the 137 dosimeter sites located 

within the bone-marrow loci, identified 
from radiographs of the 34 transverse sec- 
tions of the phantom, contained an individ- 
ually calibrated TLD during periods of 
irradiation similar to the exposure of the 
patients. 
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DOSIMETERS 

Extruded lithium fluoride dosimeters2 
( 1 . 4 ~ 1 . 4 ~ 7  mm) were used to make all 

measurements within the phantom. These 
dosimeters are well suited for this appli- 
cation because of their small size, energy 
independence, approximately tissue equiva- 
lence, sensitivity, reusability, and ease 
of handling. They have a linear response 
from to lo3 rads and 8 slightly 

rupralinear response from lo3 to about 
5 ~ 1 0 ~  rads when radiation damage becomes a 
limiting factor. In our laboratory w e  
found the response of freshly calibrated 
dosimeters to be reproducible with a atand- 
ard deviation of the order of 1-2% when 
exposed under calibration conditions. Be- 
peated measurements in the name position in 
the phantom rarely disagree by more than 
5%. We have previously reported details 
for calibrating, annealing (processing for 
reuse), and analyzing these dosimeters 
(ref. 7). 

MARROW DOSE CALCULATIONS 

marrow had to be calculated by first dcter- 
mining the average dose €or a specific com- 
partment and then using its percentage of 
total marrow as a weighting factor. Table 

2 lists the average compartment dose and 
its range per 100 R of exposure from each 
of the three irradiators. Table 3 summa- 
rizes the average marrow dose calculations. 

mer Lid 69 S 7 5  66 58-13 78 10-12 
Girdle 

starma 75 S I ?  69 6S-71 ?I 7 c n  

15 m-u b2-72 63 &-76 68 Bib. 

70 63-73 59-en Vertebrae 50 b l - 7 5  65 

S a c r u  15 41-46 54 50-56 75 67-81 

52-71 72 6 3 7 7  Lmr Lid 52 6 6 2  59 
Girdle 

Since the active marrow is not uniformly 

distributed within the body in a simple, 
well-defined volume, it was necessary to 

know the spatial distribution of the marrow 
to determine average marrow dose. The dis- 
tribution of active marrow for normal 

TABU 3 

O ? A ~  ruupLy m r  U UWlm 1 

m r  - -1 - Lmi - 
hl-t 

Lorn. ml- &:tv. 1- W.I.’. Y.1‘hl.d. .\..XU. Y.l*t.d* b1.z.1. is:pc&* 
- m a r  *.nw DM ?YI01 Dr. I.CtOI Du ?uD. 

adults as estimated by Ellis (ref. 8) is bmd l3,l n 1074 n lnll ba 111 

expressed as the percent of the total cirdl. 

marrow compartment, e . g . ,  the ribs or skull. v,ll.ll- $0 lb11 b> iu m UI 

marrow compartments defined by Ellis was Ciru. 

not proportionate to the amount of marrow 1.C.u M.lt aam bl71 W W  

therein. For example, 19% of the 137 do- A * . m  

H U 2  b6 422 78 b99 a- b,& 

S0l.r 2.3 n 113 e L9) 77 m 
W. 7.9 b3 Ha u 317 7) S I  

amount located in a particular anatomical 

The distribution of the dosimeters in the ..e- U.9 U bl6 54 731 73 m u  
~ r r r u  1.1 n urn n un io? n 

Y . l * t d  D”.; H b4 71 
simeters were located in ribs which con- 

* ~ * r ~ t . c  rx to .  - -- b~ . L o u  ..=-. tained only about 8% of the total active * Awt.1. r 1 l h t . d  &sa - I rr1fiht.r facto- meal C.IU.I a~r1.e b- D.=w. 
f ~ o t d  mere L. ~ 8 . 1  he- 1.9: or e. ..- t. uo~rd L. e. ka -  of b b w n  
e n  .D u..-Y a U  b. d. marrow. Therefore, average total dose to 

LDosimeter available from Harshau Chemical 
Company, Cleveland, Ohio. 
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The compartment do8e e8 .ate6 in Table 
2 indicate that the marrow dome distribu- 
tion is different in each of these irradia- 
tors. The most unexpected remult is that 
the L E T B I  6 o C o  gamma irradiator produces a 
smaller marrow dose than the METBI 13'Cs 
gamma irradiator. The other irradiator 

(VDRIF) produces the largest marrow dose as 

would be expected on the basis of relative 
penetrability of the gamma rays involved. 
This apparent paradox between the LETBI and 
METBI doses can be explained only on the 
basis of the distance the radiation travels 
In the body to the deep-seated marrow sites 
In the V D R I P  about 80% of the radiation is 
incident at 90' to the long axis of the 
body and passes through the body's least 
thickness, the anterior-posterior diameter. 
This geometry provides the minimum radia- 
tion-path length to all marrow sites and 
therefore the largest average depth dose. 

rays are incident on the body's long axis 
at angles fron 7 8 - 9 0 "  and they penetrate 

the body at an angle of approximately 30' 
to i t s  larger lateral (side to side) diam- 
eter. The average length of radiation path 
I n  this geometry, somewhat greater than in 
the V D R I F ,  and the lower energy radiation 

explain the smaller marrow dose from the 
METBI exposures. However, other depth 
'dose studies (refs. 9 and 10) have shown a 
less than 5 X  difference in average marrow 
dose from 13'Cs and 6oCo gamma rays under 
equal exposure geometries. 

In the METBI facility the 13'Cs gamma 

In the L E T B I  the exposure geometry is 

complicated by the patient's freedom to 
move about the large exposure room. We 

have calculated the angle of incidence for 
two typical positions of the patient; when 
he is standing near the room center, the 
average angle of incidence is about 70'; 
lying on the bed, the average angle of 
incidence is only about 25'. If we make 
the assumption that the average angle of 
incidence is the average for these two posi- 
tions, or about 4 5 " ,  then by simple geome- 

try the langth o he radiation path is 40% 

greater in this geometry th8n It would be 
for radiation incident at 90'. Because of 
this geometry, the LETBI average marrow 

dose I s  the lowest of the three irradiators 
studied . 

The large dependence of average marrow 
dose on the angle of incidence of radiation 
is shown also by the study of Clifford (ref. 
11). who measured this average dose In a 
rotating phantom first exposed at 90' and 
then at several angles down to 15' with the 
long axis of the body. Radiation energies 
of 60, 100, 212, and 660 keV were used. 
HIS results indicate that average dose to 
the marrow is reduced by a factor of two 
for exposures at 15' compared with 90' for 
all radiation energies. I n  addition, ha 
also shows that marrow dose for 90. expo- 
sures varies by only about 210% over the 
energy range from 60 to 660 keV 8nd Is max- 

imum at about 100 keV. 
Since the LETBI and METBI facilities 

produce essentially omnidirectional fields, 
we can compare the marrow dose estimates in 
L E T B I  of 0 . 5 9  and METBI of 0.64 rads/R with 
that predicted from Clifford's measurements 
(integrated over the angular region of 0' 
to 90.) of 062 radsfl. This agreement i8 
surprisingly good considering that his 
estimates were based on measurements in 
only eight positions in his phantom and 
vere primarily intended for evaluation of 
potential hazards of radiations from atomic 
weapon. for civil defence planning. 

The International Commission on Radio- 
logical Protection (ICBP) (ref. 12) has de- 
fined the active marrow dose as the appro- 
priate radiation criterion for relating not 
only short-term hematopoietic effects but 
also certain late somatic biological 
effects to radiation exposures. To simpli- 
fy its calculations to estimate marrow dose, 
the ICRP determined that the active marrow 
is located at an average depth of 5 cm. T o  

test the validity of this simplification, 
we determined the average 5-cm dose to the 
phantom in each of the three irradiators. 
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The circuaforential 5-cm depth line was de- 
fined in each of the 3 4  phantom sections 
and divided by radii at every 30°. The 
depth dose at the intercepts of the radii 

and the 5-cm depth line was determined by 
interpolation of the depth-dose data ob- 
tained from dosi'meters located in sur- 

rounding griY positions. These were 

averaged for each section and then weighted 
by the mass of the section to obtain the 
overall average 5-cm depth dose. The com- 
parisons of these dose estimates with the 

average marrow doses are shown in Table 4. 

-1 bh 66 1.03 

mu? 72 73 1.01 

These data indicate that the 5-cm dose 
approximates the average marrow dose quite 
closely in the 1 3 7 C s  gamma-ray field 
(METBI) and the high-flux 6 o C o  gamma-ray 

field (VDRIF) where the incident radiation 
is principally at right angles to the sta- 
tionary body. The agreement, while ade- 
quate, is not as good for the low-exposure- 

rate cobalt irradiator (LETBI) where the 
incident radiation is from both above and 
below a standing patient and where the 
angles change as the patient sits down, 
reclines, or walks.about, changing his geo- 
metric relat$onship to each source. 

These results also suggest that a dosim- 
eter, capable of indicating simultaneously 
dose rate and total accumulated dose, lo- 
cated in the center of a 5-cm radius sphere 
of tissue-equivalent material could be used 
to approximate the astronaut's average 
marrow dose received during space flight. 

The dose-rate signal from this dosimeter 
could also be used to indicate when maxisum 
shieldihg from unidirectional exposures, 

such as solar flares, is needed and to fn- 

dicate what vehicle orientation provides 

the maximum shielding. 
This study also shows clearly that 

average dose t.0 the marrow is strongly de- 
pendent on the length of the radiation path 

in the body. It is therefore obvious that 
for equal exposure conditions, a very large 
person will receive a relatively smaller 
dose to the marrow than a very small person. 
To determine how large this variation 
due to body size will be, we are extending 
these studies to determine body self- 
shielding factors for a particulsr indivi- 
dual rather than the idealized 70-kg man. 
The exposure rate from a small radioactive 
80urce i8 first measured in air and then at 
the center point of phantoms of different 
sizes by a high-sensitivity whole-body 
counter containing an array of eight 5x4-in. 
sodium iodide crystals., The ratio of the 
counts from within the phantom to the 
counts in air can be used to indicate the 
body's self-shielding factor. The results 
of this study are still incomplete but the 
feasibility studies indicate that this ex- 
perimental approach has merit. From these 
studies we should obtain correction curves 
relating average marrow dose to self- 
shielding factor for each of our irradiator 
geometries and type of source. The aelf- 
shielding factor for each individual or 

patient could then be obtained by having 
him swallow a less than 1.0-microcurie 
radioactive source, then counting him in 
the whole-body counter when the source is 
located at the center of the patient's 

body. 

Accurate dosimetric information relevant 
to the biological effects under study are 
essential for improving the reliability of 
established human dose-response relations. 
This is particularly true when the effects 
considered are the changes in peripheral 
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blood-cell Ievels. These studies are 
licited to medical exposures because changes 
in the blood-cell levels are related to the 
preirradiation levels. F o r  these reasons, 
we are seeking to obtain truly adequate do- 
sinetry information from which we can de- 
duce dose-response relations which will aid 

in space mission planning, management of 
radiation accident victims, and will im- 
prove the usefulness of TBI therapy of 
disseminated diseases. 
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ADDITIONAL EXPLANATION FOR OPERATING COSTS 
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Oak Ridge O p e r a t i o n s  
F i e l d  O f f i c e  o r  Labora to ry  

RT 0 1  0 1  
Budget  A c t i v i t y  No. 

l a .  C o n t r a c t o r :  l b .  C o n t r a c t  No.: 

Oak Ridge Assoc ia t ed  U n i v e r s i t i e s  E-(40-1)-GEN-33 

2. P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

ERDA HEALTH AND MORTALITY STUDY 

4.  S t a r t i n g  Date of P r o j e c t :  5 .  Date Schedule  P repa red :  

August 1, 1977 (Phase- in)  May 12, 1976 

October  1, 1977 (Opera t ion )  

6 .  Method of  ReporFing: 7 .  Working Locat ion:  

Annually Oak Ridge, Tennessee 

8a.  Person i n  Charge: 

C .  C. Lushbaugh 

8b. P r i n c i p a l  I n v e s t i g a t o r ( s ) :  

E. Tompkins 
J. Godbold 
R. Ricks 

C. C. Lushbaugh 

9 .  Man Years: Ac t u a  1 E s t .  T h i s  E s t .  Next 
L a s t  Year E s t i m a t e d  F i s c a l  Y r .  F i s c a l  Y r .  

FY 1976 FY 1976A FY 1 9 7 7  FY 1978 

0 0 0.9 5.60 

10. Cos t s :  

ERDA Health and M o r t a l i t y  
Study $ 0  - $480 - - 
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2. Project Title: 3 .  Project No.: 
D. ERDA HEALTH AND MORTALITY STUDY 

11. Dates and Titles of Publications: 

Not applicable. (See Progress Report No. 12, "Study of the Lifetime Health 
and Mortality Experience of Employees of AEC Contractors," Contract No. CH 
AT (11 - 1)-3428. 

12. Objective and Scope: 

The objective of this program is to use modern epidemiologic technology as 
the means for monitoring large populations of workers in industries related 
to fuel and energy production to detect any harmful effects of these occupations 
as soon as possible so that health protection can be constantly improved. 

Project 1. ERDA Health and Mortality Study 

The objective of the Health and Mortality Study is to evaluate on a con- 
tinuing basis the disability and mortality experience of persons with a history 
of employment in selected installations associated with the nuclear industry. 
The primary purpose of the study is to determine if such employment histories 
are associated with an increase in age, sex specific mortality in general, 
or with an increase in age, sex specific mortality due to selected causes 
of death. Some determinant factors to be studied are: the adequacy of com- 
parison populations to predict the expected mortality experience of the 
defined study population; the type, level, and dose rate of radiation exposure 
of the study population; and the length of time elapsed from first employment 
in a nuclear industry to morbidity and mortality. 

Project 2. 
Related to Energy Production from Non-Nuclear Fuels 

Prospective Studies of Newly Emerging or Rapidly Expanding Industries 

The objective of  this program is to devise efficient, easily operated systems 
for industries needing to manage on an ongoing basis their occupational health 
and industrial hygiene records to provide an early-warning system for untoward 
effects. (Development af this prGject will not begin until late FY 78.) 

13. Relationship to Other Projects: 

This program during FY 76 and FY 77 up through July 31, 1977 is collaborative 
with the extramural program at the University of Pittsburgh; Study of the Life- 
time Health and Mortality Experience of Employees of AEC Contractors (CH AT 
(11-1)-3428). It is budgeted as part of the REAC/TS program through July 31, 1977. 
On August 1, 1977, through September 30, 1977, the management and direction of 
the ERDA Health and Mortality Study at Pittsburgh will be transferred to ORAU 
and the two staffs merged. 
will be collaborative with three BER programs: 
(1) Transuranium Registry; Hanford Environmental Health Foundation; 
(2) Analysis of Radionuclides in Human Tissues; Pacific Northwest Laboratory 

(3) Epidemiological Study of Plutonium Workers; Los Alamos Scientific Laboratory. 

Beginning E'Y 78 this reorganized epidemiologic study 

and Los Alamos Scientific Laboratory; 
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2. Project Title: 
D. ERDA HEALTH AND MORTALITY STUDY 

3. Project No.: 

13. Relationship to Other Projects: (continued) 

In addition, these programs and staff have collaborative interactions with 
ORNL staff in Health Physics, Statistics, Energy, and Biology Divisions. 

14. Progress and Accomplishments in FY 76: 

Our progress in epidemiologic studies is reported in the REAC/TS program 
under Follow-Up and Mortality Studies. 

15. 

16. 

Program Plans in FY 77: 

Our program plans for epidemiologic studies up t o  the August 1, 1977 
merger with the ERDA Health and Mortality Study are described in the 
REAC/TS sub-189 on Radiation-Accident Management. 

Program Plans for FY 7 7  (August - September 30): 

It is our understanding that the change in scientific direction and program 
management of the ERDA Health and Mortality Study (H &M) will be completed 
soon after August 1. 
in the preceding months will have been used by our epidemiologic staff to 
become acquainted with the Health and Mortality staff and their goals. 
Our staff will need to work with H 6 M scientific leadership (Dr. T. Mancuso), 
Chief Consultant in Statistics (Dr. B. Sanders), and Consultant Health Physicist 
(Mr. A1 Becher). The consultant services and advice of these men are 
necessary for a smooth transition and the completion of such ongoing 
projects as the acturial longevity study and the proportionate mortality 
studies. 
pletion of work in progress to await updated definitions of control populations 
for comparative purposes and concentration of our efforts on mortality-rate 
studies. Dr. Sanders' help will be required in establishing working relations 
with our present staff and the Social Security System for uninterrupted 
identification of deceased employees and our subsequently obtaining their 
death certificates. 
process will be transferred from UCN to ORAU. UCN will remain involved with the 
data-management portion of these studies under a subcontract arrangement. 

As described in the REAC/TS program 189 most of the time 

Use of these endpoints will then be held in abeyance after com- 

The fiscal problems presently involved in this collection 

Program Plans for FY 78: 

Project 1. ERDA Health and Mortality Study 

The identification of populations of workers at Hanford and at Oak Ridge will 
be completed and preliminary analyses using these data reviewed. Systems 
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2. Project Title: 
D .  ERDA HEALTH AND MORTALITY STUDY 

3 .  Project No.: 

16. Program Plans for FY 78: (continued) 

will be developed to permit the monitoring of the mortality experience of these 
populations on a continuing routine basis. 
addition of new employees; addition of new deaths by cause; updating of exposure 
data; and categorization of the study populations into cohorts accprding to age, 
sex, years of employment, year of first radiation exposure, years of survival, 
level and type of radiation exposure; and place of employment. 
population, or preferably different comparison populations to adequately predict 
the expected mortality experience of the Hanford and Oak Ridge workers will be 
defined. 
environmental characteristics to the worker population as possible. 
be developed to obtain the necessary information about comparison populations in 
a timely and continuing way at reasonable cost and have the resulting population 
of sufficient size to provide sensitivity in analysis. Several potential 
comparison populations will be evaluated. These will include: the U. S. 
population and the population of Tennessee; the population of a cluster of 
states around and including Tennessee for Oak Ridge and similarly the state 
of Washington for Hanford; siblings of employee; non-state, and other 
occupational groups including selected samples for social security files. The 
best candidate comparison populations will be selected and systems developed 
to obtain the necessary data on these populations. Currently all survival and 
death information is obtained through the social security administration. These 
procedures will be reviewed in depth toward developing more efficient methods of 
obtaining the necessary information in the future. 
currently under study will be evaluated to determine the statistical sensitivity 
available to detect changes in mortality patterns in this population. Sample- 
size requirements to provide meaningful analyses on various cohorts will be 
determined. 
acquisition, data analysis, and population expansion in subsequent years. 

The systems will provide for: 

A comparison 

The comparison populations will be as similar in socioeconomic and 
. Means will 

The size of the populations 

This information will be the basis of setting priorities on data 

Project 2 .  Prospective Studies of Newly Emerging or Rapidly Expanding Industries 
Related to Energy Production from Non-Nuclear Fuels 

The application of modern epidemiologic monitoring and nuclear medical techniques 
for earlier detection of disease must also be provided for fossil-fuel-related 
industry. 

U. S. funds for job-incurred illness! If these statistics were to apply today 
to nuclear industrial workers, the potential for nuclear-fuel-generated power- 
production would be at or near zero. A major problem of almost insurmountable 
proportions is the coal-mining industry's apparent acceptance of the occupational 
medical problems involved. Worse yet, the more sophisticated coal-power 
industries like those involved in oil production from coal liquefaction still 
fo l low the struthious principle that "head-in-sand can avoid fiscal and moral 
responsibility." It is our understanding that ERDA recognizes its biomedical 
mandate for developing better health protection standards for fossil and other 
non-nuclear sources of energy production. 
wide monitoring systems for measuring noxious chemicals need to be developed. 
In addition, however, the priceless medical epidemiologic experience of a 
laissez-faire industry being allowed to run wild by an indifferent public, 

While coal workers comprise only about 1% of all U. S. workers 
covered" by Workmen's Compensation, they receive more than 40% of all available 1 1  

We understand further that industry- 
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2. Projec t  T i t l e :  
D. ERDA HEALTH AND MORTALITY STUDY 

16. Program Plans f o r  FY 1978: (continued). 

should be recorded by modern s c i e n t i f i c  methods, so t h a t  l a t e r  generations may 
eva lua te  our r e l a t i v e  concerns f o r  nuclear and non-nuclear f u e l  production and 
t h e i r  consequences. Accordingly, industry-wide hea l th  management systems 
comprising the  most modem approaches of epidemiology and b i o s t a t i s t i c s  must 
be designed and made a v a i l a b l e  f o r  appl ica t ion  t o  these  ERDA cont rac tors  in-  
volved i n  research  and development of energy production. In  t h i s  pro jec t ,  as 
time permits,  such systems w i l l  be developed and t a i l o r e d  f o r  i n d u s t r i e s  with 
s p e c i f i c  tox icant  dangers. F i r s t  p r i o r i t y  will be given t o  the  needs of ERDA 
p i l o t  p l a n t s  now only i n  planning stages.  
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2. Project Title: 

A. ERDA HEALTH AND MORTALITY STUDIES 
Sub 189 (1) ERDA Health and M o r t a l i t y  Study 

11. Dates and T i t l e s  of Pub l i ca t ions :  

Not app l i cab le .  (See Progress  Report No. 12., "Study of the  Lifet ime Heal th  and 
Mor ta l i t y  Experience of Employees of ERDA Con t rac to r s " ,  Thomas F. Mancuso, 
Cont rac t  No. E (11-1) - 3428. 

12. Ob jec t ive  and Scope: 

The o b j e c t i v e  of t h i s  program is t o  use modern ep idemiologic  technology as t h e  
means f o r  monitor ing l a r g e  popula t ions  of workers i n  i n d u s t r i e s  r e l a t e d  t o  f u e l  
and energy product ion to  d e t e c t  any harmful e f f e c t s  of t h e s e  occupat ions as soon 
as p o s s i b l e  s o  t h a t  h e a l t h  p r o t e c t i o n  can be c o n s t a n t l y  improved. 

P r o j e c t  1. 

The o b j e c t i v e  o f  t h e  Heal th  and M o r t a l i t y  Study is t o  eva lua te  on a cont inuing  
b a s i s  t he  d i s a b i l i t y  and m o r t a l i t y  exper ience  of persons  wi th  a h i s t o r y  of employ- 
ment i n  s e l e c t e d  i n s t a l l a t i o n s  a s s o c i a t e d  wi th  t h e  n u c l e a r  indus t ry .  
purpose of t h e  s tudy  is t o  determine i f  such  employment h i s t o r i e s  are a s s o c i a t e d  
wi th  an i n c r e a s e  i n  age, s e x - s p e c i f i c  n o r t a l i t y  i n  gene ra l ,  or with an i n c r e a s e  
i n  age ,  s ex - spec i f i c  mor t a l i t y  due t o  s e l e c t e d  causes  of  death.  Some determinant  
f a c t o r s  t o  b e ' s t u d i e d  are: the  adequacy of comparison popula t ions  t o  p r e d i c t  t h e  
expected m o r t a l i t y  experience of t h e  def ined  s tudy  popula t ion ;  the  type,  l e v e l ,  
and dose  rate of r a d i a t i o n  exposure of t h e  s tudy  popu la t ion ;  the type and l e v e l  
of exposure t o  non-nuclear occupat iona l  t o x i c a n t s ;  and t h e  length of t i m e  e lapsed  
from f i r s t  employment i n  a nuc lea r  i n d u s t r y  t o  morbid i ty  and mor t a l i t y .  

ERDA Heal th  and M o r t a l i t y  Study 

The primary 

P r o j e c t  2. 
Related t o  Energy Production from Non-Nuclear Fue l s  

Prospec t ive  S tud ie s  of Newly Emerging or Rapidly Expanding I n d u s t r i e s  

The o b j e c t i v e  of t h i s  program is t o  dev i se  e f f i c i e n t ,  e a s i l y  operated s y s t e m s  for 
i n d u s t r i e s  needing t o  manage on an ongoing b a s i s  t h e i r  occupat ional  h e a l t h  and 
i n d u s t r i a l  hygiene records t o  provide an early-warning system f o r  untoward e f f e c t s  
The newly emerging coa l  conversion i n d u s t r y  w i l l  be  exposing workers t o  known 
carcinogens.  P lans  f o r  medical s u r v e i l l a n c e  of workers are being designed t o  
provide  e a r l y  d e t e c t i o n  of mal ignant  (or pre-malignant) changes toward s u c c e s s f u l  
medical  i n t e rven t ion .  P lans  f o r  i n d u s t r i a l  hygiene programs are being designed 
t o  minimize exposure of workers t o  carcinogens.  To measure t h e  success  of t h e s e  
programs, cont inuing  a n a l y s i s  of exposure and h e a l t h  d a t a  on an industry-wide 
b a s i s  w i l l  be necessary.  Data c o l l e c t i o n  p r o t o c o l s  and forms w i l l  be developed 
and f i e l d  t e s t e d ;  data-management sys t ems  w i l l  be designed;  and a n a l y s i s  proto-  
cols w i l l  be w r i t t e n  and t e s t e d .  (Development of t h i s  p r o j e c t  w i l l  no t  begin  
u n t i l  l a t e  FY 78.) 

13. Re la t ionsh ip  to Other P r o j e c t s :  

The ERDA Health and Mor ta l i ty  Study is c o l l a b o r a t i v e  w i t h  t h r e e  BER programs: 
(1) Transuranium Regis t ry;  Hanford Environmental Heal th  Foundation 
(2 )  Analysis  of Radionuclides i n  Human T i s s u e ;  P a c i f i c  Northwest Laboratory 

(3) Epidemiologic Study of Plutonium Workers; Los Alamos S c i e n t i f i c  Laboratory 
and Los Alomos S c i e n t i f i c  Laboratory 

I n  a d d i t i o n ,  t h e s e  programs and s t a f f  have c o l l a b o r a t i v e  i n t e r a c t i o n s  with ORNL 

I I I ti.0 f t, 
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2. P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

A. ERDA HEALTH AND MORTALITY STUDIES 
Sub 189 (1) ERDA Heal th  and M o r t a l i t y  Study 

13. Re la t ionsh ip  t o  Other P r o j e c t s :  (cont inued)  

s t a f f  i n  Medical and I n d u s t r i a l  Hygiene, i n  Heal th  Phys ics ,  S t a t i s t i c s ,  Energy, and 
Biology Div i s ions ,  and wi th  Medical and I n d u s t r i a l  Hygiene s t a f f  a t  ORGDP and o ther  
ERDA i n s  t a l  l a  t ions .  

14. Progres s  and Accomplishments i n  FY 77: 

The p r o f e s s i o n a l  s t a f f  of ep idemio log i s t s  and s t a t i s t i c i a n s  needed t o  conduct t h e  
ERDA Heal th  and Mor ta l i t y  s tudy  have been r e c r u i t e d  and t h e  s t a f f  has  become 
f a m i l i a r  w i th  e x i s t i n g  d a t a  banks. 
exposed t o  m e t a l l i c  n i c k e l  a t  ORGDP has been implemented, and a s tudy  of the  mor- 
t a l i t y  exper ience  of workers a t  t h e  Savannah River  P l a n t  h a s  been completed. The 
s p e c i a l  s e a r c h  f o r  miss ing  dea th  c e r t i f i c a t e s  f o r  workers i n  t h e  Oak Ridge popula- 
t i o n  who are known t o  have died has  continued, and 30 percen t  of t h e  "missing" 
c e r t i f i c a t e s  have been loca ted .  

A s tudy  of t h e  m o r t a l i t y  exper ience  of workers 

15. Program P lans  f o r  FY 78: 

P r o j e c t  1. ERDA Health and Mor ta l i t y  Study 

The i d e n t i f i c a t i o n  of popula t ions  of c u r r e n t  and former workers a t  Hanford, Oak 
Ridge, Mound, and Mall inckrodt  w i l l  be completed. 
p r e f e r a b l y  d i f f e r e n t  comparison popu la t ions .  t o  adequate ly  p r e d i c t  t he  expected 
m o r t a l i t y  exper ience  of t h e  Hanford and Oak Ridge workers w i l l  b e  def ined.  The 
comparison popula t ions  w i l l  be as similar i n  socioeconomic and environmental  
c h a r a c t e r i s  t i c s  t o  t h e  worker popula t ion  as poss ib l e .  
t o  o b t a i n  the  necessary  information about  comparison popu la t ions  i n  a t imely and 
con t inu ing  way a t  reasonable  c o s t  and have t h e  r e s u l t i n g  popu la t ion  of s u f f i c i e n t  
s i z e  t o  provide s e n s i t i v i t y  i n  a n a l y s i s .  Seve ra l  p o t e n t i a l  comparison popula- 
t i o n s  w i l l  be  eva lua ted .  These w i l l  inc lude :  the  U.S. popu la t ion  and t h e  popu- 
l a t i o n  of  Tennessee; t he  popula t ion  of a c l u s t e r  of s t a t e s  around and inc luding  
Tennessee f o r  Oak Ridge, and s i m i l a r l y  the  S t a t e  of Washington for Hanford; 
s i b l i n g s  of  employees, non-state  and o t h e r  occupa t iona l  groups,  i nc lud ing  sam- 
p l e s  from S o c i a l  Secur i ty  f i les .  The b e s t  candida te  Comparison popula t ions  w i l l  
b e  s e l e c t e d  and sys t ems  developed t o  o b t a i n  t h e  necessary  d a t a  on t hese  populat ions.  
C u r r e n t l y ,  a l l  s u r v i v a l  and dea th  informat ion  is  obta ined  through t h e  S o c i a l  
S e c u r i t y  Adminis t ra t ion  and S t a t e  Departments of Vital S t a t i s t i c s .  
cedures  w i l l  be reviewed i n  depth toward developing more e f f i c i e n t  methods of 
o b t a i n i n g  the  necessary  information i n  t h e  f u t u r e .  The s i z e  of  t h e  popula t ions  
c u r r e n t l y  under s t u d y  w i l l  be eva lua ted  t o  determine t h e  s t a t i s t i c a l  s e n s i t i v i t y  
a v a i l a b l e  t o  d e t e c t  changes i n  m o r t a l i t y  p a t t e r n s  i n  t h i s  popula t ion .  Sample-size 
requirements  t o  provide meaningful analyses on v a r i o u s  cohor t s  w i l l  be determined. 
T h i s  in format ion  w i l l  be  t h e  b a s i s  of s e t t i n g  p r i o r i t i e s  on d a t a  a c q u i s i t i o n ,  d a t a  
a n a l y s i s ,  and populat ion expansion i n  subsequent  yea r s .  Under a subcon t rac t  with 
Union Carbide Nuclear t o  provide d a t a  management suppor t  f o r  t h i s  s tudy ,  data-  
management s y s t e m s  w i l l  be developed and implemented t o  permit  t h e  monitoring 
of t h e  m o r t a l i t y  experience of  t hese  popu la t ions  on a cont inuing  r o u t i n e  b a s i s .  
The systems w i l l  provide fo r :  a d d i t i o n  of new employees; a d d i t i o n  of new dea ths  
by cause;  updat ing  of exposure d a t a ;  and c a t e g o r i z a t i o n  o f . t h e  s tudy  popula t ions  
i n t o  cohor t s  according t o  age,  s ex ,  years of employment, y e a r  of f i r s t  r a d i a t i o n  
exposure,  y e a r s  of s u r v i v a l ,  l e v e l  and type  of r a d i a t i o n  exposure,  and Place  of 
employment. 

A comparison popula t ion ,  of 

Means w i l l  be  developed 

These pro- 

S o c i a l  Secur i ty  records  w i l l  be screened f o r  d e a t h s  occurr ing  i n  
4 
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2. P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

A. ERDA HEALTH AND HORTAtIn STUDIES 
Sub 189 (1)  ERDA H e a l t h  and M o r t a l i t y  Study 

15. Program P l a n s  €or FY 78: ( c o n t i n u e d )  

1974-76 ,  and t h e  s e a r c h  f o r  d e a t h  c e r t i f i c a t e s  c o n t i n u e d  w i t h  p r i o r i t y  b e i n g  
g iven  t o  d e a t h s  of  w o r k e r s  h i r e d  b e f o r e  1950. A l l  d a t a  f i l e s  w i l l  b e  s c r e e n e d  
and t e s t e d  f o r  m i s i n f o r m a t i o n  and c o r r e c t i o n s  w i l l  b e  made as n e c e s s a r y .  
s t u d y  of m o r t a l i t y  of worke r s  exposed t o  metal l ic  n i c k e l  w i l l  b e  completed and 
s u b m i t t e d  f o r  p u b l i c a t i o n .  

The 

P r o j e c t  2 .  
R e l a t e d  t o  Energy P r o d u c t i o n  from Non-Nuclear F u e l s  

P r o s p e c t i v e  S t u d i e s  o f  Newly Emerging or  Rap id ly  Expanding I n d u s t r i e s  

I n  c o o p e r a t i o n  w i t h  t h e  m e d i c a l  s t a f f  a t  Oak Ridge N a t i o n a l  L a b o r a t o r y ,  forms 
f o r  c o l l e c t i o n  of  d a t a  on c l i n i c a l  f i n d i n g s  and m e d i c a l ,  o c c u p a t i o n a l ,  and 
Eamily h i s t o r i e s  f o r  c o a l - c o n v e r s i o n  worke r s  w i l l  be  d e s i g n e d .  
be designed t o  p r o v i d e  for e a s e  and accu racy  i n  comple t ion ,  coup led  w i t h  economy 
i n  conversion '  t o  a u t o m a t i c  d a t a  p r o c e s s i n g .  
d e f i n e  p o p u l a t i o n s  of worke r s  who have been employed i n  p i l o t  coa l - conve r s ion  
o p e r a t i o n s  i n  t h e  p a s t .  
exposed i n  t h e  p a s t  w i l l  b e g i n  as t i m e  p e r m i t s .  

The forms w i l l  

A s e a r c h  w i l l  be implemented t o  

P l a n n i n g  for e p i d e m i o l o g i c  i n v e s t i g a t i o n  of  worke r s  

P r o j e c t  1. ERDA H e a l t h  and M o r t a l i t y  Study -- -I_ 

The Eirst a n a l y s e s  o f  m o r t a l i t y  of  worke r s  in Oak Ridge employed before 1950 
w i l l  be  completed.  To e v a l u a t e  t h e  e f f e c t  o f  l a t e n c y ,  a n a l y s e s  p l a n s  w i l l  b e  
developed t o  p e r m i t  d e f i n i t i v e  i n v e s t i g a t i o n  of changes i n  m o r t a l i t y  p a t t e r n s  
w i t h  time. These a n a l y s e s  t e c h n i q u e s  w i l l  be  t e s t e d  on t h e  pre-1950 Oak Ridge 
c o h o r t  u s ing  cu t -o f f  d a t e s  o f  1965,  1970, and 1975. Any p o s s i b l e  h e a l t h  pro- 
blems sugges t ed  by t h e s e  a n a l y s e s  o r  t h e  s t u d y  of n i c k e l  worke r s  w i l l  b e  ex- 
amined i n  d e p t h  i n  t h e  v a r i o u s  sub -popu la t ions  toward d e v e l o p i n g  e t i o l o g i c  
hypo theses  t o  be t e s t e d  i n  o t h e r  p o p u l a t i o n s  i n c l u d e d  i n  t h e  H e a l t h  and Mor- 
t a l i t y  r o s t e r s .  

The p o s s i b i l i t i e s  f o r  e v a l u a t i n g  m o r b i d i t y  i n  the n u c l e a r  worke r s  w i l l  b e  
examined. 
i n d i c a t i o n  of m o r b i d i t y  h a s  been s u g g e s t e d .  

The u s e  o f  S o c i a l  S e c u r i t y  d i s a b i l i t y  payments t o  workers  as an 

The f i l e s  of worke r s  w i l l  be  m a i n t a i n e d  on a c u r r e n t  b a s i s  and s t r e a m l i n e d  
methods f o r  o b t a i n i n g  d e a t h  ce r t i f i ca t e s  w i l l  be implemented as they  are 
developed.  

- P r o j e c t  2. P r o s p e c t i v e  S t u d i e s  of Newly Emerging or Rap id ly  Expanding I n d u s t r i e s  
Re la t ed  t o  Energy P r o d u c t i o n  - from Non-Nuclear F u e l s  

The €orms and p r o t o c o l s  d e s i g n e d  for c o l l e c t i o n  of h e a l t h  d a t a  on coa l - conve r s ion  
w o r k e r s  w i l l  bc  f i e l d  t e s t e d  i n  s e l e c t e d  i n d u s t r i a l  h e a l t h  depa r tmen t s  (p robab ly  
I'RDA i n s t a 1 1 a t i o n s J  and redesigned as i n d i c a t e d .  Forms and p r o t o c o l s  for e a s y  
.ind e f f i c i e n t  c o l l e c t i o n  of exposure  d a t a  w i l l  be  d e s i g n e d  w i t h  t h e  c o o p e r a t i o n  
o f  t tic i i i d u s t r i n l  h y g i e n i s t s  a t  Oak Ridge N a t i o n a l  Labora to ry .  
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2. P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

A. ERDA HEALTH AND MORTALITY STUDIES 
Sub 189 (1) ERDA H e a l t h  and M o r t a l i t y  S tudy  

16. Program P l a n s  f o r  FY 79: ( c o n t i n u e d )  

The i d e n t i f  f e d  p o p u l a t i o n s  of  worke r s  i n  c o a l - c o n v e r s i o n  p i l o t  p l a n t s  of  t h e  
pas t  w i l l  be  s c r e e n e d  for m o r t a l i t y  e x p e r i e n c e .  H i s t o r i c a l  q u a l i t a t i v e  ex- 
p o s u r e  d a t a  w i l l  be  developed as f a r  as f e a s i b l e .  Any p o t e n t i a l  hea l th -p rob lem 
areas s u g g e s t e d  by t h e s e  d a t a  vi11 b e  i n c o r p o r a t e d  i n t o  t h e  h e a l t h - d a t a  and 
exposure -da ta  p r o t o c o l s .  

The p l a n n i n g  f o r  an indus t ry -wide  h e a l t h  s u r v e i l l a n c e  system w i l l  start.  The 
p l a n n i n g  w i l l  p r o v i d e  for data-management s y s t e m s ;  methods for o b t a i n i n g  c u r r e n t  
h e a l t h  and o c c u p a t i o n a l  e x p o s u r e  information on c u r r e n t  employees, r e t i r e d  em- 
p l o y e e s ,  c o n t i n u i n g  e p i d e m i o l o g i c  a n a l y s i s  of t h e  d a t a ;  and c o n t i n u a l  feedback 
t o  p a r t i c i p a t i n g  i n d u s t r i e s .  
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ADDITIONAL EXPLLUATION FOR OPERATING COSTS 

Oak Ridge O p e r ~ ~ t i o n s  --- ~ _ _ -  
F i e l d  O f f i c e  or Laboratory 

K 02 01 01 
Budget Ac t iv i ty  No. 

la .  Cont rac tor :  

Oak Ridge Assoc ia t ed  U n i v e r s i t i e s  

l b .  C o n t r a c t  No.: 

EY-76-C-05-0033 

2. P r o j e c t  T i t l e :  3: P r o j e c t  N o . :  

ERDA HEALTH AVD MORTALITY STUDIES 

( 2 )  Applied Human Toxicology (Non-Nuclear) 
, 

4 .  S t a r t i n g  Date of Project: 5 .  Date Schedule  Prepared:  

October 1, 1977 May 2,  1977 

6. Nettiod of Repor t ing :  7. Working Locat ion:  

Annually Oak Ridge, Tennessee 
~~ 

83. Person i n  Charge: 

C. C. Lushbaugh 

8b. P r i n c i p a l  I n v e s t i g a t o r ( s )  : 

E. Tompkins 
E. Frome 
J. Codbold 
C. C. Lushbaugh 
T o x i c o l o g i s t  

Actua l  Est. This Est. Next 
9. Man Years: Last Year F i s c a l  Year F i s c a l  Year 

FY 1977 F'Y 1978 F'Y 1979 - 

0 0 2.3 

10. costs: 

$0 = $150 - - 
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2 .  P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

A. ERDA HEALTH AND KIRTALLT~ STUDIES 
Sub 189 (2 )  Applied Human Toxicology (Non-Nuclear) 

11. Dates a n d  T i t l e s  of  Pub l i ca t ions :  

No t app li cab1 e. 

12. Ob jec t ive  and Scope: 

I t  is expected t h a t  ou r  ep idemiologic  s t u d i e s  i n  M 77 and FY 7 8  w i l l  i d e n t i f y  and 
d e f i n e  d e f i c i e n c i e s  i n  p r e s e n t  exposure  su rve i l l ance  systems t h a t  need c o r r e c t i o n .  
New exposure measurement systems w i l l  be  needed f o r  s p e c i f i c  chemicals and o t h e r  
agents  t o  gene ra t e  d a t a  t h a t  can be used t o  q u a n t i t a t e  low-level chronic  i n d u s t r i a l  
exposures .  
a b l e  f o r  a p p l i c a t i o n  t o  such problems as they arise. 

Toxicologic  knowledge and i n d u s t r i a l  hygiene technology must be  ava i l -  

Th i s  program w i l l  n o t  be i n s t i t u t e d  i n  FY 78 because t h i s  a c t i v i t y  w i l l  depend 
upon t h e  recru i tment  d u r i n g  the  y e a r  of a human-oriented t o x i c o l o g i s t  of  s e n i o r  
s t a f f  l e v e l  and an a s s o c i a t e d  c l i n i c a l  pa tho log i s t .  
t o  gene ra t e  t h e  d e t a i l e d  program p l a n s  for FY 79. 

Th i s  s t a f f  nucleus is needed 

13. Re la t ionsh ip  t o  Other  P r o j e c t s :  

Th i s  p r o j e c t  w i l l  be d i r e c t l y  r e l a t e d  t o  the  ERDA Health and M o r t a l i t y  Study. 

1 4 .  Progress  and Accomplishments i n  EY 77 :  

No t app l i cab  le. 

15. Program Plans  for FY 78: 

A t o x i c o l o g i s t  wi th  an i n t e r e s t  i n  i n d u s t r i a l  t ox ican t s  and exper ience  i n  i n d u s t r i a l  
hygiene w i l l  be r e c r u i t e d  a t  the  s e n i o r  s t a f f  l eve l .  A c l i n i c a l  p a t h o l o g i s t  w i l l  
a l s o  be r e c r u i t e d .  

16. Program Plans  f o r  FY 79: 

Our p r e s e n t  s t u d i e s  i n  t h e  b iochemis t ry  of s u r f a c t a n t  and iu cy togene t i c s  sugges t  
t h a t  t h e s e  b i o l o g i c a l  monitozs can be u s e f u l  as exposure-measurement tools in 
i n d u s t r i e s  involv ing  chemical exposures  of workers. These b ioassay  techniques 
w i l l  be f i e l d  t e s t e d  i n  s e v e r a l  non-nuclear energy-production p l a n t s  w i t h  d i f f e r e n t  
types  of  chemical exposures and d o s e r e s p o n s e  curves developed. 
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Schedule 189 - Page 35 
A. ERDA HEALTH AND MORlALITY STUDIES 

(1) 
(2 )  Applied Human Toxicology (Non-Nuclear) 

ERDA Health and Mortality Study 

MILESTONES 

FY 7 7  

414:  

FY 78 

1 / 4 :  

1/4: 

214: 

214:  

3 1 4 :  

3 1 4 :  

4 1 4 :  

414 :  

FY 79 

214 : 

2 1 4 :  

2 1 4 :  

314 : 

3 / 4 :  

3 1 4 :  

4/4: 

414: 

414 :  

Complete Savannah River Plant mortality study. 

Complete identification of ERDA Health and Mortality population. 

Complete death certificate acquisition plan. 

Complete ORGDP nickel worker study. 

Establish Health and Mortality data management system. 

Define appropriate Health and Mortality comparison population. 

Define populations employed in coal-conversion plants in the past. 

Evaluate Hanford mortality experience. 

Design non-nuclear medical surveillance forms. 

Determine feasibility of Health and Mortality morbidity surveillance. 

Establish procedures for continuing surveillance and reporting of 
mortality experience of workers. 

Define appropriate factors to determine chemical exposures of workers 
in coal conversion. 

Complete design of non-nuclear surveillance forms and field test. 

Complete mortality analysis of Oak Ridge workers. 

Field test surfactant as a lung burden dosimeter. 

Complete mortality study of past coal-conversion workers. 

Field test cytogenetics as a chemical exposure dosimeter. 

Present provisional dose response curve for surfactant. 

3 i f El022 



SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Oak Ridge Opera t ions  

F ie ld  O f f i c e  o r  Laboratory 
GK 01 02 01 1 

Budget A c t i v i t y  No. 

l a .  Cont rac tor  : l b .  Cont rac t  N o .  : 

Oak Ridge Associated Un ive r s i t i e s  EY-76-C-05-00 3 3 

2. P r o j e c t  T i t l e :  3. P r o j e c t  No.: 

HUMAN HEALTH EFFECTS FROM ENERGY GENERATORS 002493 
A. Health and M o r t a l i t y  S tud ie s  

4 .  S t a r t i n g  Date of P ro jec t :  5. Date Schedule Prepared: 

October 1, 1978 March 24, 1978 

6 .  Method of Reporting: 7 .  Working Locat ion:  
Annual 1 y Oak Ridge, Tennessee 

8a. Person i n  Charge: 8b. P r i n c i p a l  Inves t iga to r ( s ) :  

C. C. Lushbaugh 
E. Tompkins 

E .  Frome 
J. Godbold 
C .  C.  Lushbaugh 
(Epi d e m  i o  1 og is  t ) 
(Toxicologis  t) 

9. Man Years: Actual Est. This  E s t .  Next 
Last Year F i s c a l  Year F i s c a l  Year 

FY 1978 FY 1979 FY 1980 

9.90  12.10 12.10 



Page 2 
FY 1978 FY 1979 FY 1980 

loa .  Operating Obl iga t ions  [BA): 

Total  Ectimatcd EO. .................. 480 600 645 

Less: Beginning BA Balarkce.......... 136 180 194 

Add Ending BA Balance . . . . . . . . . . . . . . . .  180 194 207 

Tota l  BA/Obligations ............... 524 6 14 658 

lob. Operating Budget Outlay (BO): 

1. 
2. 
3 .  
4. 
5 .  
6 .  
7 .  
8. 
9. 
10. 
11. 
12.  
1 3 .  

Direc t  S a l a r i e s  
Fr inge .Benefi ts  
Consul tant  Fees 
Trave 1 
Trans  & Corn 
Materials 
Sundries  
Technical Serv ices  
Computer Costs 
Hosp. & Medical Costs  
Bldg. Operating Costs 
Division Dis t r ibu ted  Expense 
ORAU Adminis t ra t ive  Expense 

To ta l  BO 

$101 
18 
25 
6 
9 
14 
0 

10 
136 

0 
13 
80 
68 - 

$480 - 

$130 
24 
10 
6 
10 
11 
1 
10 
205 
0 
13 
10 1 
79 - 

$600 - - 

$137 
26 
10 
8 

11 
14 
1 
12 
220 
0 
14 
10 8 
84 

$645 -- - 

1Oc. Cap i t a l  Equipment Ob l iga t ions  (BA) 
$5 

Miscellaneous $ 2  $ 3  
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2. Project Title: 3. Project No.: 
A. HEALTH AND MORTALITY STUDIES 00249 3 

11. Dates and Titles of  Publications: fl 
(See Final Report No. 13, August 1, 1976 - July 31, 1977, Study of the lifethe 
health and mortality experience of employees of ERDA contractors, Thomas F. 
Mancuso, Contract No. EY-76-S-02-3438). 

Armstrong, R. D. and Frome, E. L. A special purpose linear programing atgo- 
rith for  obtaining teast absolute vaZue estimators in a linear model with 
dwrony variables. Communications in Statistics (In press). 

Frome, E. L. and Armstrong, R. D. A robust procedure for estimating the 
trend-cycle component of an economic t h e  series. 
on Computer Science and Statistics (In press). 

Richter, C .  B., Humason, G .  L. and Godbold, J. H., Jr. Endwnic pewnocystis 
carinii in a marmoset colony. J. Comparative Path. (In press). 

Proc. Tenth Annual Symposium 

U 
1 
1 
R 
I 
II 
111 
R 

Armstrong, R. D. and Frome, E. L. 
data analysis. 
Statistical Association and the Institute of Mathematical Statistics, Madison, 
Wisconsin, 1977. 

Robust sst6nation of spline f b c t h  in 
Presented at the Joint Central Regional Meeting, American 

Armstrong, R. D. and Frome, E. L. A comparison of two algorithms fo r  absolute 
deviation curve fitting. J. Am. Stat. Assoc. 71: 328-330, 1976. 

Armstrong, R. D. and Frome, E. L. The caZcuZation of least absotute value esti- 
mators for  tuo-way tables. In Proc. Stat. Computing Section, Am. Stat. ASSOC., 
Boston, Massachusetts, pp. 101-106, 1976. 

Armstrong, R. D. and Frome, E. L. A branch and bound sotution of a restricted 
least squares problem. Technometrics 18: 447-450, 1976. 

Charnes, A., Frome, E. L. and Yu, P. L. 
squares mrd m m i m w n  likelihood estimation in the exponential family. 
Stat. Assoc. 71: 169-172, 1976. 

The equivalence of generalized least 
J. Am. 

Frome, E. L. and Yakatan, G. J. 
bioavailability data. 
Massachusetts, p. 19, 1976, Abstract. 

Fitting the one compartment open model to 
In Ninth International Biometric Conference, Boston 

Godbold, James H., Jr. 
the data. Dissertation, Johns Hopkins University, Baltimore, MD, 1976. 

SZnall savple t intervals for  comparisons suggested by 

c 

c 12. Objective and Scope: 

*-* c This program uses modern epidemiological and statistical methods to monitor the 
tlsz, occupational exposures and health experience of populations of workers with his- 
h’ tories of employment in industries related to fuel and energy production. These 
m surveillance systems provide early warning of possible harmful effects associated 

with the work environment of these industries so health protection of the workers 
can be constantly improved. 

L 
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2 .  Project Title: 3 .  Project No.: 

A. HEALTH AM> MORTALITY STUDIES 002493 

12. Objective and Scope: (continued) 

Project a. Mortality Studies of Nuclear Workers (Formerly ERDA Health and 
Mortality Study) 

The mortality study of workers in selected installations associated with the 
nuclear industry is designed to provide, on a continuing basis, an evaluation 
of the mortality experience of workers with a history of employment in the 
plants under study. 
is associated with an increase in age, sex-specific mortality in general, or with 
an increase in age, sex-specific mortality due to specific causes of death. 
Some determinant factors studied are: The adequacy of comparison populations to 
predict the expected mortality experience of the defined study population; the , 

type, level, and dose rate of radiation exposure of the study population; the 
type and level of exposure of the population to non-nuclear industrial toxi- 
cants; and the length of time elapsed from first employment in a nuclear in 
dustry to mortality. 

This study determines if employment in these installations 

Project b. Studies of Health Effects in Workers Employed in Newly Emerging or 
Rapidly Expanding Industries Related to Energy Production from Non-Nuclear Fuels 

The newly emerging coal conversion industry is exposing workers to known carcino- 
gens. Plans for medical surveillance of workers are being designed t o  provide 
early detection of malignant (or pre-malignant) changes t o  enable successful 
medical intervention. Systems are needed to evaluate the effectiveness of cur- 
rent preventive measures. These systems depend upon continuing analyses of ex- 
posure and health data on a U.S. industry-wide basis. An evaluation of the 
mortality experience of workers with a history of past exposure to the toxicants 
formed in coal conversion processes will be made. Concurrently, an efficient, 
easily operated system for managing on an ongoing basis, occupational health and 
industrial hygiene records will be devised. Data-collection protocols and forms 
will be developed and field tested; data-management systems will be designed; and 
analysis protocols will be written and tested. (Development of this project will 
begin late in EY 78. 

Project c. Applied Human Toxicology (Non-Nuclear) 

New exposure-measurement systems are needed to quantitate individual exposures 
and low-level chronic industrial exposures of workers to specific chemicals or 
mixtures of several chemicals. As the epidemiology studies identify deficiencies 
in present exposure surveillance systems, new measurement systems will be de- 
veloped. 
other programs, they will be field tested in populations with different types of 
chemical exposures. 
dose-response curves will be developed. 

In addition, as possibly useful biological monitors are developed in 

For those biological monitors which are promising, 
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2 .  Project Title: 3. Project No.: 
A .  HEALTH AND MORTALITY STUDIES 00249 3 

13. Relationship to Other Projects: 

The Health and Mortality Studies are collaborative with four BER programs: 
(1) Health and Mortality Study of Hanford Workers - Hanford Environmental 

Health Foundation and Biology Division, Pacific Northwest Laboratory 
( 2 )  Transuranium Registry; Hanford Environmental Health Foundation 
( 3 )  Analysis of Radionuclides in Human Tissue; Los Alamos Scientific Laboratory 
In addition, these programs and staff have collaborative interactions with ORNL 
staff in Medical and Industrial Hygiene, and in the Health Physics, Statistics, 
Energy, and Biology Divisions, and with Medical and Industrial Hygiene staff at 
ORGDP and other DOE installations. 

14. Progress and-Accomplishments in N 78: 

A study of mortality in workers exposed to elemental nickel at Oak Ridge Gaseous 
Diffusion Plant has been completed. 
workers exposed to nickel was compared with mortality in a sample of ORGDP em- 
ployees with no exposure to nickel. 
tory cancer in workers exposed to elemental nickel. 

The mortality due to respiratory cancer in 

There is no evidence of increased respira- 

Operational procedures have been developed and a manual written which defines 
and describes all interactions with Social Security Administration for the iden- 
tification of deceased workers and with state health departments for the acqui- 
sition of death certificates for these workers. 
death-certificate retrieval are currently being tested using deaths identified 
in the Mortality Study of Nuclear Workers. 
bases for the operation of the DOE Central Office for Death Certificate Retrieval 
in FY 79. 

The procedures for 

These procedures will become the 

The responsibility for the conduct of the ERDA Health and Mortality Study (now 
called the Mortality Studies of Nuclear Workers) was transferred to ORAU in 
August, 1977. 
for this study uncovered an unacceptable error rate in the computerized data 
files (as high as 10 per cent for some variables). 
program is underway to make the collected data useable for future analyses. 
currently, data collection and editing procedures are being developed which will 
preclude incorporation of erroneous data into the computerized data files in the 
future. 

Initial exploratory use of the computer files containing the data 

A massive data "clean-up" 
Con- 

The biostatistical and data-management expertise of this program has provided 
support in these two disciplines for the other occupational medicine programs in 
the Medical and Health Sciences Division. 

A toxicologist with a broad interest in industrial toxicants and experience in 
industrial hazards is being recruited at the senior staff level. 

15. Program Plans for FY 79: 

Project a .  Mortality Studies of Nuclear Workers 

The existing computer files containing data on workers in the two Oak Ridge pro- 
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2 .  Project Title: 3. Project No.: 

A .  HEALTH ANTI MORTALITY STUDIES 00249 3 

15. Program Plans for FY 79: (continued 

duction plants, Oak Ridge National Laboratory, Mound Laboratory, and the Fernal 
Plant of National Lead of Ohio will be validated. The validation will include 
verification of "correctness" of data, as well as completeness of employee ros- 
ters for the listed sites. 

Potential populations to be used as controls in these studies will be evaluated 
and a control population(s) selected. 
Ohio, Southeastern U.S., and selected occupational groups will be evaluated for 
timely availability of data as well as applicability of the data to the program. 

The populations of the U . S . ,  Tennessee, 

Procedures for the continuing surveillance and reporting of the mortality ex- 
perience of these workers on a routine basis will be established. 
ment systems t o  provide for editing and updating of files as well as atatistfcal 
analyses will be developed and tested. 
devised to evaluate the effect of latency. 
permit definitive investigation of changes in mortality patterns with time. 

Data manage- 

Statistical analysis techniques w i l l  be 
Analyses plans vi11 be developed to 

The first analyses of mortality of workers in Oak Ridge employed before 1950 will 
be initiated. 

In cooperation with REECO, the roster of civilians involved in operations at the 
Nevada and Pacific Test Sites will be made as complete as possible, Social Se- 
curity numbers sought, and the first Social Security Administration search for 
deceased individuals started. 

Project b .  
Rapidly Expanding Industries Related to Energy Production from Non-Nuclear Fuels 

Studies of Health Effects in Workers Employed in Newly Emerging or 

Populations previously employed in coal-conversion-type activities will be identi- 
fied, and a study of their mortality experience will be initiated. 
increased risk of skin cancer is an accepted occupational hazard in the industry, 
mortality from causes which might also be associated with these occupations will 
be delineated. Historical qualitative exposure data will be developed as far as 
feasible, to relate to observed mortality. 

Although an 

In cooperation with the medical staff at Oak Ridge National Laboratory, forms 
for the collection of data on clinical findings and medical, occupational, and 
family histories for coal-conversion workers will be designed. 
designed to provide for ease and accuracy in completion, coupled with economy in 
conversion to automatic data processing. 
protocols in selected industrial health departments (probably DOE installations) 
will be initiated and the forms redesigned as indicated. 
easy and efficient collection of exposure data will be designed with the cooper- 
ation of the industrial hygienists at Oak Ridge National Laboratory. 

The forms will be 

The field testing of these forms and 

Forms and protocols for 

Project c . Applied Human Toxicology (Non-Nuclear) 

The newly acquired toxicologist will start developing a program toward the identi- 
fication of potentially hazardous exposures in selected work,places. 
nition of appropriate factors to determine exposure of workers to various chemi- 
cals associated with coal conversion will have the first priority. 

The defi- 
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2 .  Project Title: 3 .  Project No.: 
00 249 3 A. HEALTH AND MORTALITY STUDIES 

16. Program Plans for FY 80: 

Project a. Mortality Studies of Nuclear Workers 

The analyses of mortality of workers who were hired in Oak Ridge before 1950 will 
be completed. The analyses techniques to evaluate latency will be tested on the 
pre-1950 Oak Ridge cohort using cut-off dates of 1965, 1970, and 1975. Any pos- 
sible health problems suggested by these analyses will be examined in depth in 
the various sub-populations included in the Mortality Study rosters. 

The first analyses of mortality of workers in Oak Ridge who were hired after 1950 
and of employees of National Lead and of Mound Laboratory will be initiated. The 
data for Mallinkrodt will be evaluated for suitability for analysis. 
ment of procedures and protocols for the continuing surveillance and reporting of 
the mortality experience of workers with a history of employment in selected 
nuclear installations will be completed and ready for implementation in FY 81. 
Current death information for all employees will be obtained from the Social 
Security Administration and the search for death certificates initiated. 

Develop- 

The efforts to identify civilians present at Nevada and Pacific Test Sites will 
continue as necessary in cooperation with REECO. 

Project b .  
Rapidly Expanding Industries Related to Energy Production from non-Nuclear Fuels 

Studies of Health Effects in Workers Employed in Newly Emerging or 

The preliminary analyses of the mortality of workers in coal-conversion-like 
industries will be complet'ed. 
the study of these employees will be incorporated into the health-data and 
exposure-data protocols for the industry-wide surveillance system. 

Any potential health-problem areas suggested by 

The planning for an industry-wide health surveillance system will start. 
planning will provide f o r  data-management systems: Methods for obtaining cur- 
rent health and occupational-exposure information on current employees and re- 
tired employees, continuing epidemiologic analysis of the data, and continual 
feedback to participating industries. The forms and protocols for collection 
of exposure data In coal-conversion plants will be field tested. 

The 

Project C. Applied Human Toxicology (Non-Nuclear) 

Present studies in the biochemistry of surfactant and cytogenetics suggest that 
these biological monitors can be useful as exposure-measurement tools in in- 
dustries involving chemical exposures of workers. These bioassay techniques 
will be field tested in several non-nuclear energy-production plants with dif- 
ferent types of chemical exposures. If these biological monitors can detect 
chemical exposure, specific chemical exposures in selected workers will be de- 
fined and the development of dose-response curves initiated. 



SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Oak Ridge Operat ions 

F ie ld  Off ice  o r  Laboratory 

GK 01 02 01 1 
Budget A c t i v i t y  No. 

l a .  Contractor :  lb. Contract  No.: 

Oak Ridge Associated U n i v e r s i t i e s  EX- 7 6-C-05-00 3 3 

2.  P r o j e c t  T i t l e :  3. P r o j e c t  No.: 
HUMAN HWTH'EFFECTS FROM ENERGY GENERATORS 
B. DOElCentral Of f i ce  f o r  Death C e r t i f i c a t e  Retrieval 

4. S t a r t i n g  Date of P ro jec t :  5 .  Date Schedule Prepared: 

October 1, 1978 March 24, 1978 

6 .  Method of Reporting: 7. Working Location: 

Annua 11 y Oak Ridge, Tennessee 

8a. Person i n  Charge: 8b. P r i n c i p a l  I n v e s t i g a t o r :  

C .  C .  Lushbaugh E. Tompkins 
E. Frome 
J .  Godbold 
C. C. Lushbaugh 
R. Ricks 

9 .  Man Years: 
Actual E s t .  This  E s t .  Next 

Last Year F i s c a l  Year F i s c a l  Year 
FY 1978 FY 1979 FY 1980 

0 1.30 2.70 
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FY 1978 FY 1979 FY 1980 
, 

10~. O p e r a t i n g  Oblizations (W.) : 

Total E s t i m t e d  B O . .  ................. 0 35 155 

Less: Beginning RA Balance . . . .  ...... 0 0 47 

Add Ending I IA Balance ................ 0 47 54 

Total BA/Obligations ............... 0 82 162 

- -- 
lob. Operating Budget Outlay (BO) : 

1. 
2 .  
3. 
4. 
5 .  
6 .  
7. 
8. 
9. 

1 3 .  
11. 
1 2 .  
13.  

Direct Salar ies  .................... $ 0 
Fringe. B e n e f i t s . . . . . . . . .  ........... 0 
Consultant Fees........ ............ 0 
Travel. ............................ 0 
Trans & Corn ....................... 0 
Materials .......................... 0 
Sundries ........................... 0 
Teciifiical Services . .  ............... 0 
Computer Costs. .................... 0 
I I O L ; ~  &"Medical C o s t s  ............... 0 
Uldg. Operating Costs .............. 0 
Division D i s t r i b u t e d  Expense ....... 0 ...... 0 

__. ORAU Administrative Expense.. 

Total BO $ 0  --- -- 

$ 19 
4 
0 
4 
1 

72 
0 
1 
0 
0 
0 

25 
29 

$155 
-4 

I I I 4 0 3  I 
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2. Project Title: 3 .  Project No.: 
B. D'l)E/CENTKAL OFFICE FOR DEATH CERTIFICATE RETRIEVAL 

11. Dates and Titles of Publications: 

Not applicable. 

12. Objective and Scope: 

This office provides the nation-wide focus for interactions of all DOE epidemiology 
programs with the Social Security Administration to determine "alive-or-dead" 
status of individuals enrolled in various DOE/BER/Epidemiologic research studies. 
When such an individual is found to be deceased, the death certificate is located, 
a copy obtained from the appropriate State Health Department and transmitted to 
the requesting investigative group. 

13. Relationship to Other Projects: 

This office functions in support of epidemiology programs throughout DOE. 
programs, at present, are located at Hanford Environmental Health Foundation, 
Pacific Northwest Laboratory, Los Alamos Scientific Laboratory, and Oak Ridge 
Associated Universities. 

Major 

14. Progress and Accomplishments in FY 78: 

Not applicable. 
the operation of this office has been developed and tested). 

(As part of the ERDA Health and Mortality Studies, the system for 

15. Program Plans for FY 7 9 :  

As requested by Manager, Human Health Studies Programs, DOE, this office will sub- 
mit to Social Security Administration rosters of names obtained from Research Pro- 
gram Manager to be screened for alive-or-dead status. When informed that an in- 
dividual is dead, the office will try to determine the place of death and then to 
obtain a copy of the death certificate which will be provided to the appropriate 
research study office. Working on a state-by-state basis, attempts will be made 
to develop the most efficient search techniques feasible consistent with the 
specific applicable laws and the file systems of the state Vital Statistics De- 
partments. 

The stated budget covers the retrieval of death certificates for Rocky Flats 
worker population and the worker populations of Hanford and Oak Ridge. The first 
alive-or-dead Social Security Administration screen of civilians involved in test 
operations at Nevada and in the Pacific will be initiated. 

16. Program Plans for FY 80 

Efforts to improve efficiency of death certificate search techniques will continue. 

Death certificates will be obtained for the civilian test-site population and re- 
trieval continued on Oak Ridge, Hanford, and Rocky Flats populations. The Oak 
Ridge population will be rescreened through Social Security Administration. 
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Epidemiologic s t u d i e s  are be ing  conducted on populat ions of DOE (or DOE Contrac tor )  
workers  whose occupat ions i n v o l v e  exposure t o  i n t e r n a l  and external r a d i a t i o n ,  a long  
w i t h  o t h e r  agents .  
c e s s i n g  p l a n t s  i n  Tennessee (Oak Ridge) and seve ra l  o ther  states,  s t a r t i n g  wi th  
about  60,000 workers a t  t h e  Y-12 f a c i l i t y  i n  Oak Ridge ( i n  ope ra t ion  from 1943 t o  
t h e  p r e s e n t ) .  These s t u d i e s  are aimed a t  a s ses s ing  t h e  long-term h e a l t h  e f f e c t s  
of exposure t o  e x t e r n a l  r a d i a t i o n  and i n h a l a t i o n  of uranium. S t a t i s t i c a l  methods 
a r e  be ing  assessed o r  developed and inc lude  examining the  e f f e c t s  of confounding 
f a c t o r s  (e .g . ,  demographic v a r i a b l e s ,  smoking, and exposure t o  o t h e r  t o x i c  agen t s ) .  
S t a t i s t i c s  appropr ia te  f o r  a n a l y s e s  involv ing  mul t ip l e  c o n t r o l  groups ( i n t e r n a l  
and e x t e r n a l )  are  being developed. 

Current work concerns t h e  m o r t a l i t y  of workers a t  uranium pro- 

S p e c i a l  groups of workers exposed t o  toxic agents  (such a s  mercury, beryl l ium, and 
n i c k e l )  are  s tudied  t o  assess confounding f a c t o r s  i n  s t u d i e s  of r a d i a t i o n  e f f e c t s ,  
but t h e  r e s u l t s  a r e  a l s o  r e l e v a n t  t o  non-nuclear energy techniques.  
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.. %upporting Services 

Complete preliminary mortality of 
of Tennessee-Eastman workers with 
1973 SSA death search. 
Complete mortality study of TEC 
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January-J3ne 1979 

June-December, 1979 

, 

I PROPOSED SCHEDULE 
25 MILESTONE SCHEDULE 

workers with SSA death search of , 
1979. I 
Complete preliminary analysis of 
Y-12 (UCCND) mortality workers. 
Validate exposure data and complete 
mortality Y-12 study. 
Complete mortality study of early 
workers at uranium processing plants 
(Mallinckrodt, NLO). 
Complete mortality study of other 
Oak Ridge nuclear workers (X-lO,K-25) 
Complete mortality study of UCCND 
welders. 
Feasibility studies on workers ex- 
posed to mercury and beryllium. 
Obtain medium-sized computer, make 
computer operational, and interface 
with UCCND Computer Science Division 
Complete rosters and data bases 
at Bettis and KAPL sites for com- 
plete mortality studies. 
Complete up-dated analysis of 
mortality among TEC and Y-12 workers 
with 1981 SSA death search results. 

1 I 1 4 0 3 4  

June-October, 1979 

June,l979-January,l980 

June,1979-June,1980 

June, 1979-Sept.,1980 

January,1979-Nov.1979 

Feb.,l979-March, 1980 

Dec., 1979-March 1980 

April, 1979-Apri ,1980 

June, 1981-Jan,1982 

2 

130 1 1,114 
I 157 

AUTHORIZED SCHEDULE 
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19b. Publications: 

Armstrong, R. D., Frome, E. L . ,  and Kung, D. S .  A revised simplex c',-orithm for  
the absolute deviation curve f i t t i n g  problem. Commun. Statist. 1979 (to appear). 

DuFrain, R. J., Littlefield, L. G., Joiner, E. E., and Frome, E. L. ;man cyto- 
genetic dosimetry: 
from americium-241. Health Physics, 1979 (to appear). 

A dose response relationship f o r  alpha particle radiation 

Armstrong, R. D. and Frome, E. L. Least absolute tralue estimates for one- and 
two-way tables.  Naval Research Logistics Quarterly, 1979 (in press). 

Frome, E. L. and DuFrain, R. D. 
t i on  induced chromosome aberrations. Biometrics 34, 731, 1978, Abstract 2766. 

The analysis o f  dose-response cumes for  radia- 

Armstrong, R. D. and Frome, E. L. A remark on algorithm AS108. Appl. Statist, 
1979 (in press). 

Armstrong, R. D. and Frome, E. L. 
fo r  obtaining least  absolute value estimators i n  a linear model with dwmg 
v d a b l e s .  Commun. Statist.-Simula, Computa B6(4), 383-398, 1977. 

A special purpose linear progrmlzg  algorithm 

Polednak, A. P. 
and incidence m t e s  by  time a f t e r  exposui*e. J. Natl. Cancer Inst. 6 0 ,  77-82, 1978. 
(Work performed at Argonne National Laboratory, Chicago). 

Bone cancer m n g  female radium d ia l  workers. Latency periods 

Polednak, A. P. 
Differential  white blood c e l l  count. Environ. Res. 15, 151-161, 1978. (work per- 
formed at Argonne National Laboratory, Chicago). 

Long-term e f f e c t s  of radium exposure i n  female dial -mrkers: 

Polednak, A. P., Stehney, A. F., and Rowland, R. E. Mortality among women f i r s t  
employed before 1930 in the U. S. radium dial-painting industry. A group ascer- 
tained from employment l i s t s .  Am. J. Epidemiol. 107, 179-195, 1978 (Work perfonned 
at Argonne National Laboratory, Chicago). 

I E 1 4 0 3 5  
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19b. Publications (continued) 

Polednak, A. P. Long-term e f f e c t s  of  radium exposwe i n  female dial workers: 
Liver disease and Ziver function, Environ. Res. (in press). (Work performed 
at Argonne National Laboratory, Chicago). 

Dupree, E. A. 
mellitus. Thesis, The Johns Hopkins University, Baltimore, Maryland, 1978. 

The rote  of r i s k  factors  i n  the complications of diabetes 

Godbold, J. H., Jr.  and Tompkins, E. A. 
occupationally exposed t o  metall ic nickel a t  the Oak Ridge Caseous DiffusXon 
P h t .  J. Occup. Med. (in press). 

A long-term mortality study of workers 

Hansard, M. S. Automatic encoding of natural language medical problems. Ph.D. 
dissertation, 1978, Georgia Institute of Technology, Atlanta, Georgia. 

19c. Purpose : 

The purpose of the task is to evaluate the long-term health effects of occupa- 
tional exposure to low levels of ionizing radiation. The objectives are to 
perform mortality studies of specific populations of DOE/DOE-contractor employees 
occupationally exposed to radiation and to various chemicals or toxic agents and 
to analyze and interpret these data. This will lead to a significant increase 
in the scientific evidence for evaluating the health effects of occupational ex- 
posures to low levels of ionizing radiation through studies of several occupational 
groups. The results of these studies can be interpreted in the light of the 
findings of other (limited) evidence from similar studies on occupational groups 
and the extensive data on Japanese atomic-bomb survivors. 
jectives, consideration of the effects of concomitant exposures to chemicals anc 
other toxic agents will be evaluated. 
the possible confounding effect of these other exposures in the analysis of 
radiation-exposure effects and to contribute to knowledge regarding the health 
effects of substances which may also be relevant t o  other energy technologies. 

In meeting these ob- 

The latter work is needed both t o  assess 

19f. Technical Progress : 

FY 78-79 

In FY 78, the feasibility of conducting a mortality study of workers employed at 
the Oak Ridge Y-12 facility during the period 1943-47 (Tennessee Eastman Company) 

4 
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19f. Technical Progress (continued) 

FY 78-79 

was established. The Tennessee Eastman population is comprised of about 
40,000 persons who worked during the 1943-47 period in the uranium-processing 
facility at Y-12. It offers the advantage of long follow-up from employment-- 
i.e., 31 to 35 years, to 1978 which is the cut-off year for determination of 
vital status’by the latest Social Security Administration search. 

Also, exposures to uranium dust was potentially high. 
posure (film badge) data do not exist, but uranium urinalysis results were 
located (in late FY 78) on a sample of long-term workers. 
conducted to locate information on the operation of the facility, including 
air-sampling data descriptions of the operation of electromagnetic-separation 
process, and information on work areas and job descriptions. 
nation records, including an extensive de-employment examination form and 
chest radiographs were made available to ORAU late in FY 78, along with the 
original hard-copy payroll records. Data obtained from payroll records, in- 
cluding gork histories, have been computerized and are in the process of being 
edited and verified. 

External radiation ex- 

A search is being 

Medical exami- 

Data from medical recordings, including use of tobacco and past diseases and 
hospitalizations,are being evaluated and may be computerized in FY 79. 

A complete roster of Tennessee-Eastman employees was sent to Social Security 
Administration (SSA) in January, 1979. The results of this search will be 
available in several months when states are to be searched for death certi- 
ficates. Preliminary analyses are scheduled for completion June 1, 1979 using 
results of a late 1973 SSA search. At present, copies of death certificates, 
on file for over 92.5% of the approximately 7,000 deaths identified in the 1973 
SSA search, are being verified and the search for missing certi€icates is con- 
t inuing . 
Along with the study of Tennessee-Eastman workers at Y-12, a study was initiated 
(in early Fy 79) of persons employed at Y-12 after Union Carbide took over 
operations in 1947. This population has a shorter period of follow-up relative 
to the Tennessee-Eastman group, but data on individual exposure to radiation and 
other substances are more extensive. Film-badge and uranium-urinalysis data 
from about 1950 are available on Union Carbide computers, and data-analysis 
files for mortality studies are being prepared from them. The completeness and 
validity of these data on external- and internal-radiation exposure with respect 
to time and specific individuals is scheduled to be ascertained in FY 79. Data- 
analysis files containing these data, along with work-history data, are being 
prepared using K-25 computer facilities. In addition to these data on individual 

5 



FIELD TASK PROPOSAL/AGREEMENT 
DETAIL ATTACHMENTS 

Bin Number Task No. 1 Rev.  No. Date Prepared 
0 4 -01 - 7 9 

C o n t r a c t o r  Number 
2493 __-_ 

19f. Technical Progress (continued) 

FY 78-79 

exposures to radiation, air-sampling data (uranium) by location are being 
studied to determine environmental levels and to estimate individual exporures 
during time periods when individual monitoring was done. 

The first (prelimtnary) analysis of mortality among Y-12 (Union Carbide) 
workers is to be completed by June 1979, based on the results of the 1973 
Social Security Administration (SSA) search for deaths. 

FY 80-81 

A more extensive mortality study will be completed in FY 80, which should in- 
clude validated radiation-exposure data and deaths reported by the SSA in the 
1979 search for deaths. At the request of, and by agreement with, Union 
Carbide Nuclear Division, a study of a l l  Carbide employees who ever worked 
as welders has been initiated. The preliminary roster includes about 1345 
persons, most+of whom worked at the K-25 facility. The availability of industrial 
hygiene data o i ~  substances to whish welders may be exposed (various gases, toxic 
metal fumes, and metallic dusts) was explored in FY 79. A roster of these 
welders was sent to the Social Security Administration in January 1979 for 
identification of deceased persons. This mortality study is scheduled to be 
completed in November 1979, FY 80. Mercury and its compounds are still widely 
used in industry, and mercury is also released through combustion of fossil 
fuels. The long-term effects of human exposure to mercury (especially inorganic 
mercury) have not been studied extensively, while the effects of large doses 
of mercury compounds have been known for some time (due to previous pharmacolo- 
gical uses). An as yet undetermined number of Oak Ridge workers (probably a 
few thousand) have worked with inorganic mercury. The use of mercury began 
at Y-12 under Tennessee Eastman's operation when vacuum gauges were cleaned 
with large amounts of mercury. Mercury (Hg- urinalysis data are available 
on (at least) a small group of these early workers (1944-1945). The total 
number of workers potentially exposed to mercury at Y-12 (Tennessee Eastman, 
1943-1947) will be determined in FY 79. After Union Carbide took over opera- 
tions of Y-12, between one and two thousand workers reportedly worked with 
mercury between 1957 and 1966. Some 28,000 records (many persons having multiple 
samples) of urinary mercury determinations have been computerized, and we are 
obtaining access to these data. At K-25, a few hundred workers have reportedly 
been exposed to mercury since 1948. Mortality studies of these workers are 
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19f. Technical Progress (continued) 

FY 80-81 

planned for FY 80-81, using procedures outlined for the study of nuclear 
workers at Oak Ridge, of which the mercury workers are a subgroup. 

For adequate scientific evaluation of the possible effects of external and 
internal radiation exposure, the role of various "confounding" factors must 
be determined and taken into account in analyses of mortality from specific 
causes. Statistical methods developed by various investigators are being 
evaluated, and possible alternative methods (or the application of other 
existing statistical methods) were studied in FY 79. (This work was con- 
ducted by Dr. E. Frome, with consultants from Emory University, University 
of North Carolina.) Necessary computer support for these activities, and 
for all data analyses involved in the studies mentioned above, is being 
examined by Dr. M. Hansard in consultation with outside computer scientists 
at the University of Tennessce and elsewhere. 

A 200 megabyte disk drive for on-line data storage was purchased and installed 
at the Computer Sciences Division of Union Carbide. This development helped 
support immediate computer needs for FY 79. In FY 80 our long-term computer 
needs will include a medium-sized computer dedicated to real-time processing 
and accessing the large masses of data of the Health and Mortality Study. 
Presently (FY 79) data inputJinto the Health and Mortality files at the Com- 
puter Science Division is largely by key punch; data retrieval, data reduction 
(as into tables) data editing and corrections are by batch processing obtained 
by purchase requests to the Computer Science Division, Union Carbide Nuclear 
Division). Therefore the present system is too slow and cumbersome to obtain 
the acceleration of data processing and analysis needed in this project. A 
device in the size range of a DEC VAX 11/780 and accessories (less than 
$400,000) will be installed to overcome these difficulties. Proposal writing 
to substantiate this need was under way in early FY 79. 

Staff statisticians, computer scientists, and epidemiologists will have begun 
to develop a health surveillance data model. This model will be used to 
establish the availability of various types of data for each DOE population 
and to formulate data acquisition, conversion, management, and analysis plans. 

The more extensive rnrtality analyses of Y-12 (Tennessee-Eastman) and Y-12 
(Union Carbide) workers will be completed in early 1980. Mortality studies of 

7 
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19f. Technical Progress (continued) 

FY 80-81 

other Oak Ridge workers (at X-10 and K-25) should be completed in FY 80 and 
FY 81. Mortality studies of workers at several early (World War 11) uranium- 
processing plants, in addition to the Y-12 (Tennessee-Eastman) facility, should 
also be completed in FY 80 and 81; this work is being conducted by E. A. Dupree, 
Associate Epidemiologist. 

Since many members of the early occupational cohorts (Tennessee-Eastman) are 
reaching age groups with high mortality rates, continued follow-up is necessary 
to fully evaluate the long-term effects of radiation exposure. Thus, the roster 
of Tennessee-Eastman workers will be resubmitted to the Social Security Adminis- 
tration in late FY 80 or early FY 81. 

Pilot studies planned to evaluate the completeness of ascertainment of deaths 
by the Social Security Administration will include complete searches of state 
indexes of death for all names on rosters of the Health and Mortality Study 
(e.g., Y-12 workers) and possibly more direct follow-up by contact through 
former employers. We have been in contact w i t h  Dr. James Stebbings, Jr., at 
the Los  Alamos Scientific Laboratory, and with Dr. Sidney Marks, Hanford En- 
vironmental Research Foundation, regarding this important problem, and 
collaboration with these investigators is most helpful. 

Further investigations planned of  workers exposed to various chemicals will 
include a study of beryllium workers to be completed by FY 1981. 

8 
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gators, by development of more systematic search procedures, and by more extensive 
use of computers. & _  

l a .  CONTRACTOR TASK M A N A G E R  



(lLI\) ' l - f  m--a) TACK REQUIREMENTS FOR OPERATING 'EQUIPMENT 
C U S S  AND OBLIGAfIOh 

C O N T I A C T O I  M M C  

. . . . . . .  
22 EOuiPMEHT (rn Thowon&) 

b. L Q U I ~ C N T  COSTS. . . . . . . . .  
8.  LQUIPUCNT ObLlCATIOWS- - - - 

23 OTHER COSTS (cprcrfy) 

*Direct Salaries 6 Ben. 
86upporting Services 
+laterials & Other Direct 
a h d i r e c t  Expenses 

I l o  

0 

44 
30 
55 
26 

48 
29 
51 
27 

J 4-01-79 
FY i g ~ n  

PRESIOENT'S I REVISED 

1. 

51 
31 
57 
28 

0 

I 
PROPOSED SCHEDULE 

Jan., 1979-May, 1979 

Feb., 1979-Jan., 1980 

March, 1979-Jan.,1980 

June,l979-Dec., 1979 

Nov., 1979-May, 1980 

June, 1980-Dec. ,1980 

N o v . ,  1980-May, 1981' 

CONTRACTOR NUM.Ll 

30 34 

FY 1981 
AUTHOUIZED 1 

I 1.0- 
3.00 1 4.00 

1 

I 
1 180 

55 
33 
62 
30 

---P- I 

~~ 

AUTH 0 R I2 E 0 SCH ED U L E  

2 



FIELD TASK PROPOSAL/ACREEMENT 
DETAIL ATTACHMENTS 

Sin Number T a s k  No. Rev.  No. Date Prepared Contrac tor  Nti inbcr  

19c. Purpose 

The DOE/Death Certificate Retrieval Office (DCRO) is organized to provide a 
central office for facilitating mortality studies of DOE workers supported by 
DOE. The DCRO provides DOE/Human Health and Assessments Divisions a single 
liason between the Social Security Administration (SSA) and all DOE mortality 
studies. Semiannually, SSA identifies deceased persons from rosters supplied 
by DCRO. 
place (state) of death, in obtaining and verifying copies of death certifi- 
cates, and in coding the underlying cause of death. 
avoid unnecessary duplication of these efforts by DOE-supported epidemiologic 
follow-up studies. 

DCRO provides assistance to DOE participants in ascertaining the 

The system is intended to 

19f. Progress EY 1978 

The Death Certificate Retrieval Office began operation by searching the states 
for death certificates of Hanford employees previously identified as dead by 
Social Security searches. A roster of employees (Rocky Flats, Los Alamos, and 
Eaneberry test site) was sent to Social Security in June, 1978, and deceased 
persons identified. Copies of death certificates have been obtained for most 
of these decedents. An in-house, five-day course in modern death-certificate 
nosology was given by Reba Dent (formerly at NCHS) for DCRO staff. Efforts 
were begun to obtain indexes of deaths from State Vital Statistics Offices. 
Thus far, DCRO has indexes for 15 states on hand; several others have agreed 
to supply an index; while about 20 states have replied negatively to our re- 
quest. 

FY 1979 

In January, 1979, a computer tape containing approximately 100,000 names of 
DOE employees was sent to the Social Security Administration (SSA) for ascer- 
tainment of deaths reported to the SSA system. The population included Oak 
Ridge (Tennessee Eastman Co. and Y-12 plants), Hanford, and Los Alamos workers 
and a small group of workers being studied at Argonne National Laboratory. 
After deceased persons have been identified by SSA, DCRO will begin to obtain 
copies of death certificates from State Vital Statistics Offices. Various 
state indexes of deaths available to DCRO will be used in this process. 

3 
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19f. FY 1979 (continued) 

The next submission to SSA, scheduled for June, 1979, includes Oak Ridge 
(K-25, X-lo), Mallinckrodt and National Lead employees, and other groups 
as determined by other DOE participants using DCRO services. 

Efforts to obtain indexes of deaths from State Vital Statistics Offices 
continued. 

Steps were underway to systematize and computerize the process of certifying 
death certificates as much as possible. 

Planned Progress F'Y 1980, 1981 

Future submissions to SSA will include resubmissions by DOE participants 
(Hanford, Los Alamos, Oak Ridge) for more recent determinations of deaths 
in order to prepare mortality studies with the most recent follow up of DOE 
employees. The DCRO will continue to obtain copies of death certificates 
for deceased persons in all of these populations. 
planned with DOE participants using DCRO services to provide the most ef- 
ficient means of accomplishing the ultimate goal of DCRO which is to facili- 
tate epidemiologic studies of DOE workers. 

Close cooperation is 

The problem will be addressed of ascertaining completeness of reporting of 
deaths through the Social Security Administration (SSA) searches alone. 
rangements to be made with the SSA for cooperative efforts will enable so- 
lution of this important problem. The efficiency of the entire operation 
of DCRO will be enhanced by increased use of computers €or storage of all 
information, including causes of death obtained from the death certificate. 

Ar- 
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F! EL0 TASK PROFQSAL/AGR E EMENT 

Dr. C. C. Lushbaugh 

FTS: 626-3090 

1 A. Polednak, Ph.D., Epidemiologist 
D. Robie, B.S. - Data Processing 

Support Manager 

This program provides the technical support necessary for developing the data bases 
for DOE Health and Mortality Studies including all former as well as present DOE 
laboratories, plants and DOE-contractor sites (% 101 sites). Specialists trained in 
data collection, data validation, quality control, and data processing obtain per- 
sonnel and occupational data for past and current employees of DOE/DOE contractors 
at sites where employment and radiation exposure data are not now part of  the DOE 
Health and Mortality studies. Using modern data management practices, this staff 
prepares the data for computerization, vital status searches, biostatistical and 
epidemiologic analyses. Trained staff work as three to four man teams in the field 
at various sites where, with local cooperation, they microfilm raw data, if not ob- 
tainable in machine readible computerized formats. These copies are tt.en returned 
to a centralized data-processing facility where along with experts in health physics, 
industrial hygiene and work history profiles, the data are abstracted and encoded in 
uniform formats f o r  computerization. Quality control of data collection, validation 
of radiation and other exposure data, as well as sampling f o r  completeness, editing 
for  error detection and consistency is directed by the epidemiologists, statisticians 
and computer scientists o f  DOE Health and Mortality S t u d y  Program. 
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FY 1979  RESIDENT'S 1 REVISED 

. . . . . . . . . . . .  fin Thobuandrj 
a. T O T A L  COSTS 
D. TOTAL OILICAT~ONS . . . . . . .  

2f. EOUIPMENT (in Thowon&) 

200 1 325 
298 0 366 

I I 
a. tQUIOULFlT COSTS. - * - - - - - 
D. LOUIPUENT O I C I G A T I O ~ S .  - - - 

23. OTMOR COSTS (rpecify) 

.Direct Salaries 6 Ben. 
D6upporting Services 
+laterials 6 Other Direct 
aEnd i rec t Ex pen se s 

0 

172 
37 60 
25 39 
33 54 

O !  

105 

I 

PROPOSED SCHEOULE 
?s MILESTONE SCHEDULE 

Recruit, train and equip data 
collection team ( 3  persons). 

Complete analysis of data avail- 
ability at individual DOE sites. 

Begin phased data collection at 
selected sites (possibly Bettis 
and KAPL). 

I 

1 
I 

Complete feasibility study of I 
possible uniform DOE-wide record 
keeping system. 

Complete training and equipping 
second field collection team. 

Centralized data processing facility 
and staff fully operational (4 
collection and processing teams). 

Continual system of data processing 
and preparation of DOE site data 
bases for epidemiology analyses in 
place. 

2 

May 1 9 j 9  

October 1979 

October 1979 

May 1980 

October 1980 

June 1981 

October 1981 

A U T  HOA t Z EO I FY 1981 
I 

12.40 1 15.65 

i 462 
47 1 

l o  
262 

83 
41 
76 

~- 

AUTHORIZED SCHEDULE 



FIELD TASK PROPOSAL/ACBZEMEST 
DETAIL ATTACH?EF.NTS 

Task No. Bin Number 
~ _ _  -- 

Rev. No. Date Prepared Contr.ictor Number 
0 4-01-79 

19b. Publications: 

New program activity. 

19c. Purpose: 

Modern epidemiologic studies must have data bases that are carefully collected, 
rigidly controlled and as uniform and error-free as possible so as to avoid 
biasing hypothesis testing and other epidemiologic analyses. 
relations are sought by epidemiologic methods between such late effects as 
various cancers and low (occupational), chronic exposures t o  radiation and 
other industrial toxicants, extremely large study populations are needed to 
obtain biostatistical significance and reliability. To meet these needs, an 
as large as possible number of DOE workers under study much be achieved and 
the data for their work history files must be collected and managed under 
strict quality control for uniformity and completeness. This program provides 
the technical support to meet these goals. Specialists trained in data col-  
lection, data validation, quality control, and data processing obtain personnel 
and occupational data for past and current employees of DOE/DOE contractors at 
sites where employment and radiation exposure data are needed for the DOE 
Health and Mortality studies. 

Also as causal 

19f. Technical Progress: 

FY 7a 

Program under study but not in place. 

FY 79 

An expert in business management, organization, task identification, assign- 
ments and performance evaluation of research associates, assistants, tech- 
nicians and clerks was successfully recruited for day-to-day leadership o f  
this program under the long-range guidance of our stafE epidemiologist. Or- 
ganization, recruitment and training was begun. 

Visits to study raw data collection methods, training and operations werc 
made to the Epidemiologic departments O E  Johns Hopkins University, University 
of North Carolina (UNC), and the Occupational Health Studies Croup of UNC 
where the so-called "Rubber Workers Studies" are conducted. 
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FIELD TASK PROPOSAL/AGREEMENT 
DETAIL A?’ThCtt?fENTS 

19f. Technical Progress (continued) 

FY 79 

A detailed analysis started as soon as possible in FY 79 was carried out to 
(1) contact personnel and record departments and other sources of epidemiologic 
data at all DOE sites, (2) survey the various methods used for record keeping 
there and determine status and the existence of all specific kinds of records 
needed, (3) assess the potential difficulties of data collection by off-site 
teams vs on-site permanent record clerks, and ( 4 )  from this detailed analysis 
of data availability, commonality of record keeping systems was determined 
and any needed changes to obtain universality of record keeping within all 
DOE establishments were identified. Costs  of changes vs. basic data re- 
quirements will be evaluated and minimum recommendations formulated and passed 
forward for evaluation by DOE headquarters and field operational staffs, any 
overview committees then in place and program consultants. 

A team consisting of three to four record clerks or data collection technicians 
was recruited, trained, equipped and organized as rapidly as possible to enable 
early field trial of data collection of, first, terminated employees; and then, 
current employees of two sites not previously involved in Health and Mortality 
studies. These sites chosen for feasibility study of this approach were identi- 
fied because of long employment - 3,000 persons/yr/30 yrs. 
The experience obtained from this feasibility study will be used in training 
the second team to alternate with the first team in the field. The plan is 
for the team to work at the centralized data processing facility to develop 
skills in transposing filmed raw data to standardized formats for computeri- 
zation of the basic data of the employees of the plant visited while team B 
collects more data. Procedures will be developed to enable constant surveil- 
lance of the process, individual performance (accuracy and dependability) and 
rate of progress. Any missing data identified in this process will be re- 
searched in the field by the site-responsible team. It is currently planned 
that each team will initially have working with them at least one epidemiologic 
(pre-master) student in training (University of North Carolina) and one post- 
M.P.H. graduate student (University of North Carolina, Medical College of 
Georgia, Harvard, or other universities). 
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B i n  Number 

FIELD TASK PROPOSAL/ACREEMENT 
DETAIL ATTACH?fENTS 

Task No. Rev. No. Date P r d p a r t d  n t r a c t o r  h’tmbcr 
0 4 -01- 7 9 NEW 

19f. Technical Progress (continued) 

Planned Progress in M 80 and 81: 

An overview committee (UNC) will be fully operational by the start of N 80. 
All principal employees of the Study will have made several site visits to 
the University of North Carolina and cooperation firmly established. 

Complete analysis of data availability at all DOE sites will have been com- 
pleted. 
completed (possibly at Bettis and KAPL) followed by an in-depth study of the 
problems and methodology. Refinement of the management and retrieval methods 
will be accomplished. 

The first phases of the data collection program will have been 

A fixed schedule will be established f o r  data collection at all present and 
former DOE sites, realizing that retrieval methods will vary considerably at 
the various sites and at the disbanded sites. 
established with specialized methods where needed. 
be coordinated with ORO, other field offices and DUE epidemiologic c e n t e r s .  

General guidelines will be 
Retrieval procedures will 

Contractural agreements, review of Privacy Act, FOIA, state and federal regu- 
lations will be documented, 
Offices and contractor sites will be established. 
bility of data will vary considerably at the different sites. It is anticipated 
that regional archives will be considered as a source of some data. 

Liaison with principal parties at Operations 
Availability and accessi- 

Data Collection Manager 

He will visit, review and incorporate, where appropriate, collection methodology 
of other similar systems (Le., SEER-Atlanta, N C I  and National Death Index 
OEfice, Bethesda, National Cancer Registry). Site visits will be made. 

Standardized retrieval processes for roster, medical, exposure, area/site 
monitoring, toxic substance and mortality data will be firmly established 
in early FY 80. 

Constant monitoring of committee meetings of the subgroup of the Interagency 
Task Force on the Health Effects of Ionizing Radiation, the American Medical 
Record Association (AMRA), the Model State Vital Statistics Act and the 
Privacy Act Commission will be maintained by the Data Collection Manager. 
Each of these has a tremendous impact on epidemiology studies. 
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Bin Number Task No. Rev. No. Date  Prepared Contractor SLirnbcr 
0 4-01-79 NEW 

19f. Technical Progress (continued) 

FY 80-81 (Data Collection Manager) 

Due to the unique problems involved with retrieval of data from disbanded DOE 
sites, one of the collection teams will be specially trained for this purpose. 

An in-depth demographic study of all sites will be incorporated into the study. 
Selected area retired employees will be interviewed for archival data. 
munity and environmental analysis, worker distribution patterns, density of 
populations and vital statistics by counties will be documented since this is 

Com- 

,+ essential. 

Since it is anticipated that difficulties will occur in regard to accessibility 
of state and county data at some sites, the Data Collection Manager o r  repre- 
sentative will be established and contact made as needed with various state 
health and vital statistics departments. 

Liaison with National and Regional Social Security Administration Offices will 
be established through the Death Certificate Retrieval Office. Problems will 
be constantly monitored. 

Nosological protocols will be firmly established and a preliminary trial 
program will be in operation. 

The feasibility of a possible uniform DOE-wide record-keeping system will be 
made. 

By mid-FY 80, the data from 50% of the active sites and 25% of the disbanded 
sites will have been reviewed. Collection teams will be working concurrently 
at several sites. 

An overview to DOE management will provide a broad summary of accomplishments, 
milestones achieved, as well as projections and objectives of planned activities. 
Included will be an extensive Quality Control evaluation to ensure that errors 
are kept below a specified figure. 

The design and timetable for a Central Data Processing Facility will be 
established. 

Complete training and equipping of a l l  of the collection teams will be com- 
pleted by late FY 80. 
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I 

Contractor Name 

19f. Technical Progress (continued) 

FY 80-81 

Continuous monitoring of input will be maintained by the Data Collection Manager. 

The in-house committee to be established in early FY 80 will be continuously 
evaluating record-keeping and data collection techniques for future studies. 
A formal recommendation will be made by mid-FY 81. 

A completely automated information system will be in full operation by EY 81. 
The Centralized Data Processing Facility with staff will be fully operational 
( 4  collection and processing teams). The main function of this facility 
then will be to maintain the flow of raw data and process it for the data 
files. Editing and verification will be automated to insure computerized 
input into consistent data. A strong security program for storage of critical 
data will be in place. 

The Epidemiology teams which will have begun analyses of the data on a site- 
by-site basis will establish the priorities for special projects such as 
further data collection and data validation needed at sites where these 
studies have identified possible causal association of interest. 

I i I l i . 05  I 
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20. won*  P ~ C K A C L  O E S C R ~ ~ I O N  (Apprwcn. anndptm nmrflt in 200 wet or l es t :  

The purpose of this program is to determine epidemiologically (from work-history 
files which include demographic, radiation and chemical exposures, medical his- 
tories, and death certificates) whether or not atomic workers of AEC/DOE plant 
sites and research and development laboratories have experienced an increased 
incidence of and mortality from cancer and any other late effects. This program 
is carried out by four closely related task groups: Health and Mortality Study 
Group (Epidemiology); DOE/Death Certificate Retrieval Office; DOE/Data Processing' 
Support Facility; and DOE/SSA Data Searches. Immediate scientific objectives in- 
clude specific epidemiologic studies of the workers' health experience at the Oak 
Ridge plant sites (Y-12, X-10, K-25, Paducah and Portsmouth) and other workers in- 
volved in the uranium fuel cycle at DOE/contractor sites operated by klaliinckrodt, 
Monsanto, National Lead, DuPont, and Westinghouse corporations. Subsets of workers 
at these sites considered at risk from specific toxicants such as mercury, nickel, 
beryllium, etc. will be studied to assess the confounding influences of such ex- 
posure upon low-dose-rate occupational radiation exposure. In addition, an 
epidemiologic/medical study is being conducted of persons employed at 75 present or 
former DOE plant sites and civilians employed at 8 U. S. Navy submarine yards who 
have had "administrative" overexposures of more than 5 rem in any one year of em- 
ployment. 

The long-range goal of this program is to establish a National Roster of Radiation 
Workers as a gigantic data base that can be used to evaluate allegations of untoward 
injuries from occupations related to energy generation. 

' 21.  ~ O I Z  WORU PACUAGC MAWAGLU. 

r3*1*1 
- 

t Eurarunr 

1 4 .  Z U i G h A  r €0 *~LLOaur\ol t E d 5  GpblClAL 

I 
I 

2:. C ~ - T = I A C -  nonu p n c u a c c  U N ~ A C E ~ :  

I S U r m t u ~ l  !D*f#I I 

- 
23. AsSiS7i.r~ r S r c a t T n u *  0.4 C - I C N L ~  

- 

- 1- 



t .......................... I 
1 

..................... 
& TOTAL CPEIATINC COSTS. 
0 .  T O T d L  OPERATING OsLIGdTICNS. 

c TOTAL EQtJiPMLhT C O S T S .  .......................... 
d. T O T I L  EOUIOMENT 0 8 L I G A T I O N I  ..................... 

11. MILiST0;dE SC i rEOULf  1 PRCPCSEC) COLLARS 

FY 82 
PROPOSED AUTHORIZE3  



/. 1 

J. C o N T  n A G T O n  f U l <  MANAG&* fh-4. km :;Ai 

C. C. Lushbaugh 
FTS: 626-3090 

U& OICAIITMENT c p  ENERGY 

FlELD TASX P3OPOSALIAGREZ?AEltT 
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C. C. Lushbaugh 

B. Dupree 
M. Hansard 
E. Frome 

I 
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Oak Ridge Associated Universities 

Oak Ridg6, Tennessee 37830 
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16. b e l  flus task mcludr 
any mrnrjcmcni 
Y m f C I  :!fotts? 

2 YES 
(x1 NO 

I 
11. TA)A o u i a i m t o m  (Approoca. rri i t ion to wore pacaagr.  in LOU W O ~ C I  or Itu) 
Epidemiologic studies are being conducted on populations of W E  (or DOE contractor) 
workers whose occupations involve potential exposure to internal and/or external radi- 
ation. These workers also have the potential of being exposured to uranium, uranium 
dust, and such toxic metals as lead, cadmium, and nickel, etc., in nuclear fuel produc- 
tion and enrichment and in the processing of radioactive material related to military 
applications. The principal aim of these studies is to assess long-term health effects 

"of occupational exposure to low-level ionizing radiation and additive effects by con- 
foundlng chemical stresses. Current studies concern mortality experience of workers at 
sites in Oak Ridge (Y-12 Tennessee Eastman Corporation, Y-12 Union Carbide, X-10, and 
K-25 plants), other current DOE facilities (Paducah, Portsmouth), disbanded Nanhattan 
Engineering District (MED) sites (Nallinckrodt, Einde, Columbia University, Xiddlesex) , 
and other selected sites (National Lead of Ohio, Mound, Savannah River, Argonne Sational 
Laboratory, Brookhaven National Laboratory, Idaho Test Site, and Nevada Test Site). In 
special cases where small populations of unique workers appear to suffer from a disease 
of interest (e.g. lung cancer, melanoma, etc) case control studies are done. 

Statistical methods and data-management techniques are being developed through methodology 
research for improving the power of epidemiologic analysis of low-level stresses to large 
numbers of people. This biostatistical research also provides record-linkage algorithms 
and statistical data-editing procedures to facilitate handling problems generic to using 
large complex data sets in longitudinal cohort studies. 

The long-range goal OF this project is to be able to merge all occupational, rosters, 
radiation exposure records and other pertinent data from all MED/AEC/ERDA/DOE sites since 
1942 into a National Atomic Energy Worker Roster to provide as many as possible person 
year rems for radiation r i s k  assessment and a basis fo r  a continuous health and safety 

s u r y p y  f o r k e r e  
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F e a s i b i l i t y  s t u d i e s  on e v a l u a t i o n  of 1 
i n t e r n a l  r a d i a t i o n  exposures:  Y-12 I x- LO 
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I 1::: I I 14.0 

I 88 
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Dec. 1980 
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June  1980 
Aug. 1980 
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Nov., 1980 
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Sept .  1982 
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Sept .  1980 

A p r i l  1981 
Dec. 1981 
Jan.  1981 
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Bin Number 

FIELD TASK PROPOSAL/AGREEMENT 
DETAIL ATTACHMENTS 

Task No. Rev. No Date Prepared Contractor !'umber 
G 3-24-80 00 2493 

The program, consisting of the Comprehensive Epidemiology Study (RPIS 2493, the Death 
Certificate Retrieval Office ( M I S  3 0 3 4 ) ,  the Data Processing Support Facility (RPIS 
3401). and the DOEISocial Security Administration Data Searches, is housed in Oak 
Ridge in the "ORAU Tyrone Road Building." Of the 12,000 sq. ft. in this building, 
2,300 sq. ft. were remodeled into office space and work areas in FY 79 and another 
3,300 sq. ft. in FY 80. The anticipated FY 80 and 81 delivery of PSQ records reserved 
since 1965 for the.use of the so-called "Xancuso Study" at the 40 o r  more DOE plant 
sites requires our development of 3,000 sq. ft. of additional secured storage space. 
In addition, the acquisition and installation of electronic data processing equipment 
in FY 80 and FY 81 to enable us t o  interface with the Computer Science Division CPUs 
at ORUL through a remote j o b  entry station require an additional 2,000 sq. ft. for 
equipment and operators. On completion of this renovation in FY 80 and FY 81, this 
building will house a staff of 35 to 40 full- and part-time OIWU staff, university 
and student collaborators (UNC). Our group also uses temporary trailer offices and 
work facilities provided to the Epideniology departrent staff at the University o f  
North Carolina, Chapel Hill campus. 
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FIELD TASK PROPOSAL/AGRE€FENT 
DETAIL ATTACHMENTS 

Contractor Name 

B l n  Numhcr I Task No.] Rev. N O ~  Date Prepared I Contractor Number --- Oak Ridge A-ssociated Universities -_ -- 
- i I 0 1  3-24-80 I 00 2493 
Enter  headinKs in accordance with Item 19. 

19b. Publications 

FY 79 

Armstrong, R. D. and Frome, E. L. A remark on algorithm ASIOB. Appl. Stat. 27: 378, 
1978. 

- Armstrong, R. D. and Frome, E. L. Least absolute value estimators f o r  one-way and 
. two-way tables. Nav. Res. Logistics Quart. 26: 79-96, 1979. Work performed at the 

University of Texas, Austin. 

Amstrong, R. D., Frome, E. L., and Kung, D. S. A revised simplex algorithm f o r  the 
absolute deviation curve f i t t i n g  problem. Comun. Stat. 8B: 175-190, 1979. Work per- 
formed at the University of Texas, Austin. 

Armstrong, R. D., Frome, E. L., and Sklar, N. C. Linear progrmmirg i n  exploratopj 
duta analysis. 

Beck, W. L. and Holly, F. E. 
1921,. In The Medical Basis for Radiation Accident Preparedness. Proceedings of a 
Symposium held in Oak Ridge, October 18-20, 1979, Elsevier/North-Holland, New York. 
In press. 

Submitted to American Statistician. 

Dosimetry studies f o r  an i r h s t r i a l  radiography accidenz 

Duffy, D., Beck, W. L., Gleason, G. I., and Wiggins, P. F. Evaluation of h s h e t r j  
f i l m  by neutron act ivat ion and r-rag fZuorescence. J. Nucl. Sci. and Tech. 16: 89-94,  
1979. 

Dupree, E. A. and Meyer, M. B. Role of r i s k  factors in the complications o f  diabetes 
melli tus.  Am. J. Epidemiol. Work perforrced at the Johns Hopkins University. In press. 

Frome, E. L. and Hudson, D. R.' A jackknife procedure for  estimating standardized 
mortality ratios.  Proceedings of the Statistical Computing Section of the American 
Statistical Association, 1979, Washington, D. C. In press. 

Frome, E. L. and Yakatan, G. J. S t a t i s t i c a l  estimation of the pharmacokinetic parmeters 
in the om-compartment open model. 
University of Texas, Austin. In press. 

Communications in Statist. Work performed at the 

Godbold, J. H. ,  Jr. and Tompkins. E. A. 
t ionally exposed to  metall ic nickel a t  the Oak Ridge Caseous Diffusion PZant. 
Med. 21: 799-806, 1979. 

A long-term mortality study o f  workers occltpa- 
J. OCCUQ. 

Polednak, A. P. 
Hum. Biol. 50: 301-311, 1978. Work performed at Argonne Natfonal Laboratory, Argonne, 
I11 ino is. 

Age changes i n  d i f ferent ia l  leukocyte count among female adUlt8. 
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DETAIL ATTACHMENTS 

Bln Numhcr Task No. Rev. No Date Prepared Contractor Number 
0 3-24-80 00 2493 

19b. Publications (continued) 

Polednak, A. P. 
J. Environ. Pathol. Toxicol. Work performed at Argonne National Laboratory, Argonne, 
Illinois. In press. 

F e r t i l i t y  amor? women exposed t o  i n t e r n 1  and externat radiation. 

Polednak, A. P. Long-term e f f e c t s  of radium exposure i n  femcle dial workrs :  l i v e r  
disease and l iver  function. Environ. Res. 18: 454-465, 1979. Work performed at 
Argonne National Laboratory, Argonne, Illinois. 

Polednak, A. P. Long-range studies of slrczniwn workzrs ard the Oak Ridge radiation- 
worker population. In The Medical Basis for  Radiation Accident Preparedness. 
Proceedings of a Symposium held in Oak Ridge, October 18-20, 1979, ElsevierINorth- 
Holland, New York. In press. 

Polednak, A.  P., ed. The Longevity of Athletes. Springfield, Kllinois: Charles 
C Thomas, 1979. Work performed at Argonne National Laboratory, Argonne, Illinois. 

Polednak, A. P. Thyroid tumors cntd thyroid function i n  wmen exposed to .)nternczl and 
asternut rcdiation. J. Environ. Pathol. and Toxicol.' Work performed at Argonne 
National Laboratory, Argonne, Illinois. In press. 

Polednak, A.  P. and Farnham, J. E. O..;tzor?esq and autorcdiopqAy o f  l o y  bones and 
skeletons of uomen exposed to xdic; t<on at 23-13 years of age. 
Work performed at Argonne National Laboratory, hrgonne, Illinois. I n  press. 

Am. J. Phys. Anthropol. 

Polednak, A. P. and Frome, E. L. Mortality mong men employed betueen 1943 and 1947 
a t  a uraniwn-processing plant. Submitted to J. Occup. Med. 

Polednak, A. P. and Frome, E. L. Mortality among nen err?ployed bstueen I343 and 1947 
a t  a mniun-processing plant. 
Catlinburg, TN, October 23-26, 1979. In press. 

In Proceedings of the 1979 W E  Statistical Symposium, 

Polednak, A. P. and Janerich, D. T. Sicklz  c e l l  t r a i t ,  b i r t h  chaz-acteristics, and CMII- 
plicat ions o fpregmncy:  a case-control study. Hum. Biol. Work performed at 
Argonne National Laboratory, Argonne, Illinois. In press. 

Rundo, J., Polednak. A .  P., Brues, A. M., Lucas, H. F., J r . ,  Patten, B. C., Rowland, 
R. E., and Stehney, A. F. A study of raa'ioactivity and health s t t z tw  oJ' I b m c r  thorium 
Uorkers: PreLimirxry ReporBt. Environ. Res. 18: 94-100, 1979. Work performed at 
Argonne National Laboratory, Argonne, Illinois. 
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Uln Nurnhc.r 1 Task No. 1 Rev. N O ~  Dace Prepared 1 Contractor Number 
-- Oak Ridge Assoc ia ted  Universities -- --- 

____.--- 1 I 0 1  3-24-80 I 00 2493 
1Cnrc.r hrad ings in accordance ui th Ttem 19. 

19b. Publications (cont inued)  

FY 80 

Frome, E. L. 
Submitted t o  A p p l i e d  Statistics. 

Fisher's exact vcr5mce test for the poisson distribution. 

Frome, E. L. and Khare, M. 
epidcrnioZogica2 results.  Health Phys ic s .  In press. 

Comexts on Brodsky's s h t i s t i c a l  methods fo r  evaluating 

Hansard, M. S. L'I:T.C'; m ?  apt&mtoLogy:  a case s t -udy .  Submitted to Computers and 
Biomedical Research. 
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Task No.  Rev. No Ds 
0 

19c. Purpose 

The purpose of this project is to evaluate the long-term health effects of occupational 
exposure to ionizing radiation. 
specific populations of DOE/WE contractor employees occupationally exposed t o  radiation 
and to various chemicals or toxic agents and to analyze and to interpret these data. 

evaluating the health effects of occupational exposures to low levels of ionizing 
radiation. The results of these studies can be interpreted in the light of the findings 
of limited evidence from similar studies on occupational groups and the extensive data 
on Japanese atomic bomb survivors. In meeting these objectives, consideration of the 
effects of concomitant exposures to chemicals and other toxic agents will be evaluated. 
The latter work is needed both t o  assess the possible confounding effect of these other 
exposures in the analysis of radiation-exposure effects and to contribute to knowledge 
regarding the health effects of potentially toxic substances which may also be relevant 
t o  other energy technologies. 

The objectives are to perform mortality studiee on 

.These result8 will lead to a significant increase in the scientific evidence for 

19f. Technical Progress 

EPIDEMIOLOGIC STUDIES 

1. Y- 12 Plant (Tennessee- Eas tman Corporation, Oak Ridge)  

In FY 79 an analysis of mortality in workers employed at the Y-12 plant while it was 
operated by TEC during the period 1943-1947 was couipleted. 
38,000 workers were female, the analysis focused on white male workers only because the 
SSA method used to ascertain deaths is not efficient for women because of their multiple 
names changed due t o  marriage. This analysis was principally concerned with the 4,008 
white males employed for more than one year in the plant where uranium isotopes were 
separated by an electromagnetic process. Hany of these men worked in areas where levels 
of uranium dust were quite high in comparison to today's standards. 
of 18,869 white males was studied first. Copies of death certificates were obtained for 
over 95 percent of males declared dead in 1974 by the Social Security Administration. 
Using mortality rates for U. S. white nales, the standard mortality rates (SMRs) for 
various causes were generally less than one. After corrections for unascertained deaths 
and missing death certificates, the S?fR for lung cancer was 1.22. SMRs f o r  various 
causes, including lung cancer,did not tend to be higher i n  8 , 3 4 5  workers employed in 
areas where uranium dust was present or in 4,008 of these 8 , 3 4 5  workers employed for 
one year OK longer at the plant. Logistic regression analysis techniques have been 
developed and used in these analyses. A n  increased number (of possible signlficance) 
of lung cancer deaths was found in a group of chemical workers hired at age greater than 
or equal to 45 years. 

Although 47 percent of the 

The entire cohort 
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2.  Y - 1 2  Plant (Union Carbide, Oak Ridge) 

A preliminary analysis of mortality among white males who were hired at Y-12  betueen 
1947 and 1969 and who uere monitored for external radiation exposure was completed. 
This group comprised 4,988 out of about 11,000 employees. Observed deaths prior to 
1974 were not significantly greater than expected for all or various selected causes. 
The SMR for all cancers, lung cancer, bone cancer, and leukemia uere less than 1.00. 
The SMR for brain cancer was high in value but not statistically significant (95  percent 
confidence interval; 0.79, 4.04). Cumulative occupational external radiation doses 
were low for this cohort. 
from about 1950 to present are now Computerized. Oak Ridge Associated Universities 
(ORALi) obtained access to film badge data during FY 7 9  and anticipates access to uranium 
urinalysis data during FY 80. 
through FY 80. Only 10 workers were ever exposed to greater than 5 rem in any one year. 
Preliminary data on cumulative occupational radiation (penetrating) exposure among white 
males, who worked only at Y-12 Carbide and no other Oak Ridge facility, have shown that 
among 6,550 white males monitored, only 2,030 have a career dose equivalent of 1 rem, 
and only 198 have a career total in excess of 5 rem. Although individual exposures 
were low, population exposures (person-rem) can be calculated in order to prcvide data 
relevant t o  assessment of risk of radiation-induced cancer. Various potential confounding 
factors have been identified and taken into account in these analyses. 

Film badge and uranium urinalysis data for Y-12 employees 

Checks on completeness and validity of these data continue 

The entire employee roster for Y-12 was resubmitted to SSA for identification of deaths 
in December 1979. A search f o r  death certificates on individuals for vhom no death 
certificates are on hand will be completed in FY 1980. 

3. Oak Ridge National Luboratory Illnion Carbide) 

This facility (X-10) in operation since 1943 has been Involved in the production of 
radioisotopes and in research on the recovery of uranium and plutonium from fission 
products. 
exposure was greatest at X-10. 

Of the Oak Ridge facilities under study, the potential for external radiation 

An attempt to create a preliminary data analysis file was begun with data on about 
20,000 workers. Film badge and i n  vivo exposure data were released to ORAU during 
1.Y 1979-1980. 

The  cntLrc cniployee  roster was resubmitted t o  SSA fo r  death search in December 1979. 

4 .  Cczk Ridge Caseous LXffi4sion Plant (Union Carbide) 

About 40,000 persons have been employed at the Oak Ridge Gaseous Diffusion Plant (K-25) 
uhich began operation in 1945 and has been in continuous operation t o  the present. Many 
of these workers uere monitored for external and internal radiation. The film badge 
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19f. Technical  P r o g r e s s  ( con t inued)  

d a t a  were made a v a i l a b l e  t o  ORAU d u r i n g  FY 79. 
t r a t i o n s  and sampling € o r  uranium a l p h a  a c t i v i t y  on s u r f a c e s  have been examined (Schu l t z  
and Recher, 1963) f o r  e s t i m a t i n g  p o t e n t i a l  employee exposures  ( a s  r e f l e c t e d  by u r i n a r y  
e x c r e t i o n  r a t e )  u s i n g  t h e  s u r f a c e  contamination l e v e l s .  Work-history d a t a ,  s p e c i f i c a l l y  
j o b  c l a s s i f i c a t i o n  and department  codes,  a r e  a l s o  used i n  e s t i m a t i n g  exposure.  Ex te rna l  
r a d i a t i o n  exposure is n o t  b e l i e v e d  t o  be a major hazard a t  t h i s  f a c i l i t y  s i n c e  only one 
worker r e p o r t e d l y  r e c e i v e d  g r e a t e r  than 5 rem whole-body exposure du r ing  any year  of 
employment. 
values over  s p e c i f i e d  t i m e  p e r i o d s  of employment and maximum and minimum v a l u e s ) ,  a long 
wi th  work-his tory and uranium-air-concentration d a t a .  I n h a l a t i o n  of UF6 i s  a p o t e n t i a l  
hazard t o  t h e  lung and kidney s i n c e  UF6 is  regarded as a r e l a t i v e l y  ' ' solublet t  uranium 
compound; t h e r e f o r e ,  d i s e a s e s  of t h e s e  organs are of p a r t i c u l a r  i n t e r e s t  i n  m o r t a l i t y  
s t u d i e s .  

A i r  sampling f o r  uranium a i r  concen- 

Exposure groups are de f ined  by use of d a t a  on uranium u r i n a l y s i s  (average 

P re l imina ry  work l e a d i n g  t o  a n a l y s e s  of m o r t a l i t y  w i l l  be  ongoing through FY 80. 
most  r e c e n t l y  completed s e a r c h  for decedents w a s  conducted by SSA i n  l a t e  1974. 
r o s t e r  of K-25 employees was s e n t  t o  SSA In December 1979, f o r  i d e n t i f i c a t i o n  of post-  
1973 d e a t h s .  

The 
Another 

a. Study of N icke l  Workers 

A n  i n i t i a l  updated a n a l y s i s  of n i c k e l  workers was c o s p l e t e d  based on a 1974 dea th  
search.  (JOM 2 1 ,  799-806, 1979).  

b. Study of Welders a t  Union Carbide 's  Oak Ridge Fac i l i t i es  

A m o r t a l i t y  s t u d y  was conducted on 1,060 employees of Union Carbide,  Nuclear 
D iv i s ion ,  whose work h i s t o r y  i n d i c a t e s  tnat they were welders  a t  11-10, Y-12, 
a n d l o r  K-25. The r e p o r t  i s  i n  progress.  

Mall inckrodt  Chemical Xorks (YCW) was t h e  ear l ies t  and one of t h e  l a r g e s t  ursnium- 
processing f ac i l i t i e s  i n  t h e  U. S. 
Uranium Div i s ion  employed abou t  3,700 workers a t  two sites l o c a t e d  i n  S t .  Louis and 
Weldon S p r i n g s ,  Missouri .  
r a d i a t i o n .  

During its o p e r a t i o n  from 1943 through 1966, X I J ' S  

Workers were monitored f o r  i n t e r n a l  and external exposure t o  

Prel iminary a n a l y s i s  of t h i s  populat ion is under way.  
c o l l e c t e d  and computerized prior t o  ORAU's involvement i n  t h i s  p r o j e c t ,  w a s  checked 
€o r  completeness and v a l i d i c y  using source documents on hand i n  Oak Ridge. 
work h i s t o r y ,  f i l m  badge, uranium u r i n a l y s i s  and b r e a t h  radon d a t a .  
film badge d a t a  were found t o  be inadequate,  and they are being re-entered on to  t h e  
computer from source  documents. An a n a l y s i s  of m o r t a l i t y ,  w i t h  r e s p e c t  t o  e x t e r n a l  

During FY 1979 information 

Th i s  included 
The computerized 
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r a d i a t i o n  exposure and based on t h e  r e s u l t s  of a 1976 SSA dea th  s e a r c h ,  i s  scheduled 
t o  be completed by June 1980. Death c e r t i f i c a t e s  were obtained f o r  over  95 percent  
of t h e  i n d i v i d u a l s  dec la red  dead i n  t h i s  1976 search.  

Uranium d u s t  exposures a t  t h i s  f a c i l i t y  were o f t e n  much higher  th . in  t h e  mnxirnrrm p e r -  
m i s s i b l e  concen t r a t ion  according t o  e x t e n s i v e  d u s t  s t u d i e s .  Study of t h e  f e a s i b i l i t y  
of c o r r e l a t i n g  t h i s  a i r -sampling d a t a  w i t h  work-history and i n t e r n a l - r a d i a t i o n  
monitor ing d a t a  on ' i n d i v i d u a l  employees i n  o r d e r  to  i n v e s t i g a t e  m o r t a l i t y  was begun 
i n  PI 1980. 

The e n t i r e  employee r o s t e r  w a s  r e submi t t ed  t o  SSA f o r  dea th  s e a r c h  i n  December 1979. 
Search f o r  d e a t h  cer t i f icates  on workers who have d i ed  s i n c e  1975 ( t h e  time of t h e  
l as t  SSX dea th  sea rch  f o r  t h i s  popu la t ion )  i s  scheduled f o r  N 1980. 

6. Other S i t e s  l F s a s i b i Z i t y )  W e r  S h & j  

P r i o r  t o  s t a r t i n g  a n  in-depth m o r t a l i t y  s t u d y  on a given occupa t iona l  popu la t ion ,  i t  
is necessary t o  determine i f  inEormation r e q u i r e d  t o  address  t h e  s tudy  hypo thes i s  is 
a v a i l a b l e  f o r  t h i s  populat ion.  The d e c i s i o n  w i l l  be based on in fo rma t ion  c o l l e c t e d  by 
t h e  DOE Data Processing Support  F a c i l i t y .  This information i n c l u d e s  s i z e  of t h e  popu- 
l a t i o n ,  eva lua t ion  of the types  of r e c o r d s  kept  on employees, t h e  completeness of 
information on each record type ,  and t h e  e f f o r t  required t o  t ransform t h i s  information 
i n t o  a format s u i t a b l e  f o r  ep idemio log ica l  a n a l y s i s .  The mission of each s i t e  a s  i t  
r e l a t e s  t o  t h e  W.S mission of conduct ing epidemiologic s t u d i e s  on DOE workers involved 
i n  a l l  a s p e c t s  of t h e  uranium f u e l  c y c l e s  must also be considered when choosing s i tes  
f o r  f e a s i b i l i t y  s t u d i e s .  

S i t e s  were chosen f o r  f e a s i b i l i t y  s t u d i e s  du r ing  FY 1980 fo r  t h e  Eollowing reasons:  

a. Information was a l r eady  a v a i l a b l e  t o  HXS when OXiU took over t h e  p r o j e c t .  This 
Inc ludes  NLO, Mound, Linde, Middlesex, Columbia Universi ty ,  and Paducah. 

b. 
a l l o w s  HMS t o  p r a c t i c e  one of t h e  t e n e t s  of epidemiology; namely, t o  i n v e s t i g a t e  t h e  
cons i s t ency  of r e su l t s  of s t u d i e s  on d i f f e r e n t  populat ions with similar exposures 
analyzed by i d e n t i c a l  methods. NLO and Hound have missions similar t o  K - 2 5 ,  Paducah, 
Portsmouth, MCW, and Y-12, r e s p e c t i v e l y .  

The sites h a v e ' s i m i l a r  mi s s ions  t o  those  a l r eady  under s tudy  by t h e  UMS. Th i s  

C .  The sites were a c t i v e  d u r i n g  t h e  ea r ly  days of t he  nuclear  era and a r e  no longer  
i n  ope ra t ion .  Th i s  provides  f o r  a long m o r t a l i t y  follow-up on a c l o s e d  worker populat ion 
whose r a d i a t i o n  exposures were more l i k e l y  t o  have been g r e a t e r  than workers of  r e c e n t  
t i m e s  when exposure c o n t r o l s  are more str ict .  
i n  f e d e r a l  r eco rds  c e n t e r s ,  access t o  them may be easier than access t o  r eco rds  a t  
c u r r e n t  s i tes .  These s i t e s  i nc lude  Middlesex, Linde, and Columbia Un ive r s i ty .  

Since most of t h e s e  r e c o r d s  are  s t o r e d  

-10- 



FIELD TASK PROPOSAL/ACREEMENT 
DETAIL ATTACHMENTS 

-___ - - ---- 
C 'J - 2 4 - 80 1 00 2493 - 

e. A special study of persons who were occupationally exposed at any time during their 
AEC/ERDA/DOE or prime contractor employment to 5 rem or more in any one year was begun. 
All sites were "visited" through DOE field organization personnel and demographic and 
exposure data collected and collated. During N 1979 and 80, data on about 2,300 such 
employees were obtaitied but the roster is still incomplete (random bits of information 
for 24% remain to be found). 

In FY 1979 the Division of Naval Reactors (DNR) agreed to participate in this study and 
early in M 1980 supplied names of 1,128 individuals from 12 sites. 

In addition to the dates of the years in which these "administrative overexposures" 
occurred, the entire career accumulated exposures were obtained f o r  all these workers 
( -3,500).  
site workers in late 1979. Preliminary data processing for an SSA search f o r  DNX 
decedents was begun in early EY 1980. 

7 .  

A n  SSA search was begun to determine vital s t a t u s  on the R 6 D and production 

Integration of Uni:*ersi,'? of .'Jorth Ccrolirrr Collcboration in Epidemiologic AmlySe8 

A major accomplishment of this year was the completion of a plan to strengthen our 
analytical capabilities through participation with a university epidemiologic staff. 
The selection criteria of 1) history of completion of major epidemiologic studies con- 
cerning occupational and environmental health problems, 2) availability of a professorial 
and professional research staff able to devote time to such studies now, and 3) a national 
reputation €or  vigorous participation in scientific debate of the issues our studies 
address; a l l ,  led us to choose the School of Public Health, University of North Carolina 
to collaborate with us. 
for professional services was completed. 
was activated, monthly steering committee meetings held and collaborative studies gotten 
under way. 

During M 1979 a dosimetry assessment and research team wae assembled contalning three 
professional health physicists (one from ORAU and two from the University of North 
Carolina), two University of North Carolina (UNC) physics students, one postdoctoral 
student, and one master's student. 

In early M 1980 staff assignments and an ORAU/UNC subcontract 
A Research Planning Group merging both staffs 

I 

A techniciadclerk assists in collection and vali- 
8 dation of doshetry data. 

The doshetry research program has been divided into two major areas--external dosimetry 
and internal dosimetry. 
interpret reference materials including sample data, quality assurance reports, and 
other tcchnical reports in order to assess the completeness and accuracy of the 
inonttoring data. A "llosfmctry hsscbssrnent Fact Sheet" has been develupcd t o  Lnsure unl-  
f o r m l t y  :urd cornpIt-tt*nN*sL\ 111 t trt .  stcnlv 01' C.:IC.II sfte's monitor Lng prugrfain. Extc-rrwl 
doshetry assessment studies are in progress- for three populations (?lCW, Y-12, and X-LO) .  

For external dosimetry, the major task is to collect and 

1 
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Dcr tu-Management Sy s t ems 

Computcr methodology has been developed as a support function for LMS. As an off-shoot 
of this development, some computer science research topics such as management of large, 

acquisition of adequate computer resources, which include equipment, personnel, and soft- 
ware systems. Remote computer terninals have been installed so that HXS software 
specialists can readily communicate with the computer resources at the Computer Sciences 
Division of Union Carbide. The integration of computer specialists into HMS has promoted 
development of software systems which meet the specialized needs of these epidemiologic 
studies. 

. research-oriented data sets have been pursued, Efforts have been directed toward the 

A complete data-management plan  is being developed, and initial emphasis has been placed 
on data editing, error correction, data security, and documentation. Partial editing 
of work-history data has been performed on the K-25, X-10, Y-12, TEC, and NLO cohorts: 
however, additional editing remains t o  be done. A closed-loop error-correction system 
has been initiated and applied to the TEC work-history data. Other nanual and automatic 
procedures have been established to secure the U% data and protect the privacy of indi- 
viduals under study. Pseudo-identifiers have been assigned to the K-25, X-10, Y-12, 
Paducah, TEC, and NLO populations. Docmentation has been stressed f o r  both computerizsd 
data and source documents. 
developed to document the location of data, the storage medium, access methods, and the 
individual fields within each file. 

A magnetic tape and disk file Inventory system has been 

The overall goal of data management has been to integrate all data under one encompassing 
scheme so that systems developed for one population can readily be applied to others 
without reprogramming. To this end, a data-storage plan has evolved which balances 
usable resources, epidemiologic data-retrieval needs, and intrinsic data structure. Under 
this plan, the analysis of the TEC population has been carried to completion. Indications 
are that underlying data-management principles are workable, but only the major aspects 
of a complete system has been developed thus far. 

Methods of Stcr t i s tdcaZ A ~ ~ t 9 8 i 8  

Description of a general data structure for statistical analysis has been developed, and 
specifications for creating master data-analysis files were completed in FY 1980. A 
master data-analysis file for each population will be created after record linkage has 
taken place and will not contain personal identifiers. 
procedures will then be used to create data analysis files appropriate to particular 
statistical procedures that are being considered. 
Monson analytic method have been completed. Procedures for generating multidimensional 
contingency tables have been developed and a computer program for logistic regression 

Data transformation and selection 

Methods for computing SMR's using the 

a i 1 l i .Ob5  - 12- 
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1 9 f .  Technical  P rogres s  (cont inued)  

a n a l y s i s  is under development. A l o g i s t i c a l  r e g r e s s i o n  model i s  one approach t h a t  I s  
b e i n g  developed t o  d e a l  w i th  confounding f a c t o r s  t h a t  m u s t  be considered when evalua-  
ting t h e  p o s s i b l e  effects  of i n t e r n a l  and e x t e r n a l  r a d i a t i o n  exposure.  Several  
s t a t i s t i c a l  packages are c u r r e n t l y  be ing  used f o r  s t a t i s t i ca l  d a t a  a n a l y s i s .  These 
i n c l u d e  SAS, TPL, and t h e  BMDP series. I n t e r f a c e s  between t h e s e  systems t h a t  a l low 
o p t i m a l  u se  of a l l  a v a i l a b l e  s t a t i s t i c a l  so f tware  have been developed through cooperat ive 
e f f o r t s  w i t h  the  s t a t i s t i c i a n s  a t  Computer Sc iences  Div i s ion  a t  ORNL. 

Planned Progress  PI 80 and FY 81 

EPIDEMIOLUGIC STUDIES 

1. Y-12  P h t  (Tennessee- Eastmcn Corporation, O a k  8iG-e) 

Continued follow-up of  t h i s  cohor t  is  planned t o  e v a l u a t e  t h e  long-term h e a l t h  e f f e c t s  
of exposure t o  uranium. A second a n a l y s i s  of t h e  TEC,white male cohor t  using mor- 
t a l i t y  d a t a  from t h e  1979 SSA s e a r c h  is i n  progress .  The f e a s i b i l i t y  of s tudying 
female workers a t  TEC w i l l  be  i n v e s t i g a t e d  du r ing  FY 1980. The l a r g e  number of females 
employed by TEC p rcp ides  a r a r e  o p p o r t u n i t y  t o  consider  s tudy  of a female worker popu- 
l a t i o n .  Uranium u r i n a l y s i s  d a t a  on female workers are being e d i t e d  and v e r i f i e d .  The 
l e v e l s  of exposure w i l l  be examined t o  see i f  they d i f f e r  from t h e  l e v e l s  i n  male 
workers.  The f e a s i b i l i t y  of f u r t h e r  s t u d y  w i l l  be based on these d i f f e r e n c e s  and on 
t h e  r e s u l t s  of t h e  1979 SSA sea rch .  
is scheduled f o r  completion by November 1980. 

An updated a n a l y s i s  of m o r t a l i t y  on male employees 

The r a d i a t i o n  dose assignment €or all Y-12 workers w i l l  be completed i n  FY 1981. 
founding hazardous exposures t o  inetals  and o t h e r  t o x i c  subs t ances  w i l l  then be i d e n t i f i e d  
and employees c h a r a c t e r i z e d  as t o  t h e  complexity and d u r a t i o n  of t h e s e  exposures.  With 
t h e s e  d a t a  i n  hand, a d e f i n i t i v e  epidemiologic  s tudy will be designed,  a p p r o p r i a t e  blo- 
s t a t i s t i c a l  ana lyses  and t e s t i n g  procedures  w i l l  be chosen. 
permit more ex tens ive  m o r t u l l t y  a n n l y s e s  us ing  Y - 1 2  d e a t h s  r e p o r t e d  by t h e  1979 SSA 
s e a r c h e s .  These advanced a n a l y s e s  should be completed du r ing  FY 1981. 

Con- 

These developments w i l l  

3. Oak Ridge National Laboratory (Union Carbide) 

The s e a r c h  for dea th  c e r t i f i c a t e s  based on t h e  r e s u l t s  of t h e  1979 SSA submission w i l l  
b e  completed by the  end of FY 80 t o  permit  t h e  updating of p re l imina ry  a n a l y s i s  of 
m o r t a l i t y  (based on dea ths  through 1973).  Evaluat ion of t h e  e x t e n s i v e  d a t a  on I n t e r n a l  
exposures  s t a r t e d  in January 1980 may have t o  cont inue i n t o  FY 81 be fo re  many of t h e  
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19 f .  Techn ica l  P r o g r e s s  (cont inued)  

problems b a s i c  t o  making dose  assignments are so lved .  However, e x t e r n a l  r a d i a t i o n  ex- 
posure d a t a  of t h i s  c o h o r t  w i l l  be e d i t e d ,  c o r r e c t e d ,  and v a l i d a t e d .  I n  FY 1981 a n  
epidemiologic  s t u d y  w i l l  be done t o  t e s t  t h e  h y p o t h e s i s  that low-dose-rate occupa t iona l  
exposures  a t  X-10 have had untoward l a t e  h e a l t h  e f f e c t s ,  

4. Oak Ridge Caseous Diffusion Plant (Union Carbide) 

A pre l imina ry  m o r t a l i t y  a n a l y s i s  of t h e  K-25 p o p u l a t i o n  will be completed ear ly  i n  
FY 81. In t h i s  p o p u l a t i o n  where r a d i a t i o n  exposures  have been extremely low, chemical 
exposures  have been p o t e n t i a l l y  more s i g n i f i c a n t .  
t h e  need f o r  i n d u s t r i a l  hygiene data  which, because of t h e  abundance, w i l l  r e q u i r e  
time-consuming p rocedures  t o  condense, summarize, and a s s i g n  t o  i n d i v i d u a l  workers 
confounding t o x i c  exposures .  

F i n a l  a n a l y s i s  w i l l  be r e t a r d e d  by 

5 .  Mullinckrodt Chemical Works and Other Sites  

For MCW f i n a l  a n a l y s i s  of t h e  work expe r i ence  and any r e s u l t i n g  e f f e c t s  upon m o r t a l i t y  
ra tes  and morb id i ty  p a t t e r n s  w i l l  be completed i n  l a t e  FY 80 o r  e a r l y  81. Th i s  s tudy  
w i l l  be used as a benchmark model for a n a l y s e s  i n  s imi la r  s m a l l  cohor t s  of uranium 
workers a t  o t h e r  DOE p l a n t s .  The m o r t a l i t y  e x p e r i e n c e  of t h e  4,000 "55 rem exposees" 
w i l l  be s t u d i e d  t o  determine i n  a p re l imina ry  way whether t h e r e  may be any v a l i d i t y  
t o  t h e  commonplace c o n j e c t u r e  that t h e  annual  p e r m i s s i b l e  occupa t iona l  exposure guide- 
l i n e s  have been o v e r l y  permissive and t h e r e f o r e  i r r e s p o n s i b l e .  Frequency d i s t r i b u t i o n  
s t u d i e s  of t h e  career r a d i a t i o n  doses  of t h i s  nation-wide 30-year DOE occupa t iona l  ex- 
p e r i e n c e  w i l l  be made t o  o b t a i n  an estimate of t h e  man-rem involved i n  t h e  high dosage 
s u b s e t  of t h e s e  workers.  Depending on t h e  r e s u l t s  of t h i s  a p p r a i s a l ,  t h e  d e c i s i o n  w i l l  
be made whether or n o t  t h i s  sample should be e n l a r g e d  t o  incluCe a l l  o t h e r  workers 
w i t h  comparable career exposures  but  who never  exceeded t h e  5 redyear  c o n s t r a i n t .  

Data-krragernent Systems 

New areas of  system development i n  FY 1980 and 81 w i l l  be  i n  record l i nkage ,  s i te  
i n t e r f a c i n g  and d a t a  e n t r y .  
implemented t o  a u t o m a t i c a l l y  match a v a i l a b l e  i d e n t i f i e r s  between d i f f e r e n t  t ypes  of 
r e c o r d s  and p rov ide  f o r  manual r e s o l u t i o n  of  nonmatching i d e n t i f i e r s .  S p e c i f i c a l l y ,  
t h i s  s y s t e m  w i l l  b e  used t o  l i n k  exposure d a t a  and medical  d a t a  t o  work-history d a t a  
f o r  a l l  c o h o r t s  under s tudy.  

A complete r eco rd - l inkage  system w i l l  be designed and 

T h i s  group w i l l  c o n t i n u e  t o  use t h e  shared r e s o u r c e s  of t h e  Computer Sciences Div i s ion  
(CSD) of Union Carbide bu t  w i l l  a cqu i r e  a d d i t i o n a l  i n t e r f a c i n g  and equipment t o  t a k e  
advantage of t h a t  computing resource.  A high-speed remote p r i n t e r  w i l l  be a t t a c h e d  
t o  t h e  CSD computer t o  d e c r e a s e  t h e  t u n - a r o u n d  t i m e  f o r  p r i n t e d  ou tpu t .  Terminals 
a t t a c h e d  t o  a d a t a  c o n c e n t r a t o r  w i l l  improve ou r  t e r m i n a l  response.  Addit ional  on-l ine 
d i s k  space w i l l  be  acqu i r ed  t o  inc rease  d a t a  a v a i l a b i l i t y .  

-14- 
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19f. Technical Progress (continued) 

statistical Anai?ysiS 

A preliminary evaluation of the appropriateness of proportional hazards regression 
analysis will be made. If this method can be justified theoretically and is practical 
to implement, then it will be used to further study the health effects of radiation on 

variates (e.g., age at hire, sex, duration of employment, etc.) are used in a regression 
model to evaluate the effects of radiation exposure on the longevity of nuclear workers. 
This approach can be used to deal with the competing risk problem by considering deaths 
due to causes other than the one of interest as censored observations. If the pro- 
portional hazards regression model is applicable to the HMS, then it should provide a 
sound methodology that addresses all the well-known statistical problems encountered in 
epidemiologic studies. Potential computational problems (that may limit the applica- 
bility of this method to large and/or complex data sets) will be identified and evaluacsd. 

'nuclear workers. In this approach, survival time is the dependent variable; and co- 

Planned Progress FY 82 

A roster and records profile fo r  all atomic workers ever employed in industries and 
laboratories related in any way to the uranium fuel cycle will be completed. 
parallel, the data-management systems and statistical rules and procedures for construc- 
tion of analytic files will be completed and functional, Hypotheses which concern 
potential health effects of  working in this industry, generated by earlier analyses 
(FY 80 and 81) on small subsets of the data or  specific geographically sited groups, 
will then be tested on large scale with this nationwide population comprised of large 
numbers of workers with the highly varied attributes of many other U. S. industrial 
populat ions. 

In 

It is anticipated that small high-risk population subsets will be searched for and 
identified in this industry as support for or  against suggested protective measures 
and guidelines. Such case-control studies will provide hitherto unavailable analyses 
of many health-related problems. 

A similarly large data base concerning a population of radiation workers with external 
radiation exposures in excess of that of the general population (and without uranium 
and other chemical exposures) will have been identified and characterized by career ex- 
posures. This population of irradiated persons should be sufficiently varied and large 
enough to allow "dose groupst1 to be constructed and dose-response models put to test. 
In addition, case-control studies should be possible for  various mortality and mor- 
bidity endpoints using the extremely well documented medical histories available in the 
DOE occupational medicine clinics. 

-15- 



FIELD TASK PROPOSAL/ACREEMENT 
DETAIL ATTACHMENTS 

Bfn Numhcr 

Cont riic tor N a m e  

Task No. Rev. No Date Prepared Contractor Number 
00 2493 -------- - - - -  - -  .-- 0 3-24-80 

19f. Technical Progress (continued) 

In M 1982 the majority of data-management systems will be in place. A large portion 
of the workload will be devoted to maintaining existing systems and processing data 
from new sites using developed methodology. A new areas of investigation w i l l  seek to 
quantitate the association between job titles and hazardous exposures to various toxi- 
cants. 
epidemiological analyses of populations in which exposure has not been measured or 
has been measured only on subsets of the population. 
posure measurements, e.g., air sampling data, and bioassay measurements will also be 
investigated to increase the utility of bioassay data in epidemiological analyses of 
work populations. 
be completed which will provide uniformity within the master file of all AEC/DOE death 
certificates, Computerizing searches O E  state and national death indices will be com- 
plet ed . 

This research is needed to provide an independent means of assessing risk in . 

The association between area ex- 

The system of computerization of death certificate verification will 

-16- 



January  L / ,  L Y O L  

1401 16th  S t .  NW 
Washington, D.C. 20036 

(202 )  483-1442 

M r .  Wayne Range 
A s s i s t a n t  t o  t h e  Manager f o r  Informat ion  
Department of Energy 
Oak Ridge,  'IT. 

Dear S i r :  

Under t h e  p r o v i s i o n s  of t h e  Freedom of I n f o r m a t i o n  Act,  5 U . S . C .  5 2 2 ,  
I am r e q u e s t i n g  a c c e s s  t o  t h e  r e c o r d s  l i s t e d  below by number and d e l i n e a t e d  
s p e c i f i c a l l y  w i t h i n  t h e  a t t a c h e d  memorandum t o  D r .  C . C .  Lushbaugh of ORAU. 
(Attachment A.) 

A s  you know, t h e  a c t  p e r m i t s  you t o  reduce  and waive fees when t h e  release of 
t h e  i n f o r m a t i o n  is cons idered  as " p r i m a r i l y  b e n e f i t i n g  the public." 
a m  r e q u e s t i n g  t h i s  in format ion  a s  p a r t  of an  on-going i n q u i r v  i n t o  t h e  e f f e c t s  
of  r a d i a t i o n  on man, and i n t o  t h e  U.S. government ' s  e f f o r t s  t o  q u a n t i f y  t h o s e  
e f f e c t s ,  and since t h e s e  questions a r e  s t i l l  i n  d e b a t e  w i t h i n  t h e  s c i e n t i f i c  
community and w i t h i n  the populace,  T bel ieve t h a t  t h i s  r e q u e s t  f i t s  t h a t  
c a t e g o r y  and 1 therefore  ask y o u  to w 3 i x / ( >  .7nv f t i  q. 

S i n c e  I 

I f  a l l  o r  any p a r t  of  thic;  request i s  d e i i i * x d ,  ~ I c T ~ ~ ~  c i t e  : ? I # .  s?cxPif ic  
exemption(s)  which you t h i n k  j u s t i f i e s  your  r e f u s a l  t o  release t h e  i n f o r m a t i o n ,  
and inform m e  of  the appea l  procedures  a v 3 i l - : i l e  t o  n e  under t h e  law. 

TnforTaation r e q u e s t e d  i n c l u d e s  nq.imht.rs 

2 ,  3 ,  4 ,  9 ,  11 

I would a p p r e c i a t e  your handl ing  tills r e q u e s t  as q u i c k l y  as p o s s i b l e  and I l o o k  
f , v a r d  t o  h e a r i n g  from you w i t h i n  LO d a y s ,  35 t!!e l a w  c t i p u l a t e s .  

. .- 
Li . .  

, . .  StaEf  A s s o c i a t e  
Washington Merry G o  Round 



MEMO TP: C.C. Lus ugh 
FXOH: Howard L .  Rosenberg 

1401 1 6 t h  S t .  NW 
Washington,  D.C. 20036 
(202) 483-1442 3 

R E :  I n f o r m a t i o n  Reques t .  P l e a s e  provide  t h i  ~ h ~ l o w l r * ;  ~ d o c d & n b B '  and/or  in format ion  
r e g a r d i n g  o p e r a t i o n s  of  t h e  Nedica l  and H e a l t h  S c i a n c e s  
D i v i s i o n .  

, - , , < a  -- 1) Art ic les  p u b l i s h e d  i n  t h e  open l i t e r a t w  r e :  s t u d i e s  of t h e  Oak Ridge 
d a t a  compiled under  t h e  d i r e c t i o n  of U n i v e r s i t y  of P i t t s b u r g h  p r i n c i p a l  
i n v e s t i g a t o r  T. Mancuso, i n c l u d i n g  p u b l l c a t i o n s  by Tomkins, Frome, e t .  a l .  

Reviews o f  your  Oak Ridge s t u d y  by NAS'so-called "Salmon Committee." 

Review of your  Oak Ridge s t u d y  by O f f i c e  o f  H e a l t h  and E n v i r o n n e n t a l  Research 
( i n t r a m u r a l  r e p o r t )  completed Nov. 21.  (when and i f  i t  is  a v a i l a b l e . )  

Review of M€TBI/LETBI s t u d i e s  by DOE/AEC/EXDA which  l e d ,  a c c o r d i n g  t o  our  
c o n v e r s a t i o n  of y e s t e r d a y ,  t o  t h e  t e r m i n a t i o n  of t h e  p r o j e c t s  i n  1974-1975. Q*l'@arj 

(Extramural program review.)  

$*b." ' 

3 

L- r .' 4 
%.. 

> i f .  9:; 
4' 5) Membership l i s t  o f  t h c  1TilTzn Use Cornrnfttec. f o l n t l v  o p e r a t e d  by ORAU and ORNL. 

L.. 5 6) P r o t o c o l s  i s s u e d  f o r  LETBI!HETBT s t u d i e s ,  i n c l u d i n g  t h o s e  i s s a e d  f o r  review 
('Thera!l;; ? r o t g c L ~ l , - )  by ituman Use Committee. 

- * \  7 )  Cr i te r ia  f o r  de te rmining  patients aJ;nit t e d  f c r  : i : e r3~y  a t  L E T S I / X T B I .  

8 )  Sample of c c n s e n t  f a r r s  g iven  t c  p . i t i . r i , t  -. .?t t : - , L  time o f  LETBI/?ETSI  o p e r a t i c - s .  ' _ _  ~ 

L** * * '  -Lkl'@ Copies  of a l l " F i n a n c i a 1  plans" f o r  ORAL! Xedica l  and Heal th  S c i e n c e s  D i v i s i o n  

f o r  FY 57 through FY 75. &+'$ uLz ;k. f-** -&,, =~ - ,~ --7 a \  L LA-- 
* qh-"; 
,a+ 4j-y 
- a *  

10)Any s t a t i s t i c a l  a n a l y s e s  prepared  D €  patients w h o  rece ived  TIII a t  LETBIfMETBI. 

\'-*at-- @ USAEC Repor t  O M U  1 1 2  1970 

. 1 2 )  P r o c e e d i n g s  of  a panel  on T o t a l  Bodv T r r a d i a t i o n  i n  Humans a t  IAEA Vienna 1966.  

13) Space R a d i a t i o n  Study P a n e l :  R a d i o b i o l o F i c  factors in manned s p a c e  f l i g h t .  
F;$i&. 

J u l y  1967. 

1 4 )  Recent  P r o g r e s s  i n  Asessment of  Human R e s i s t a n c e  t o  TBI--In Proceedings  
on Recovery from Nuclear  Kar.  F o r t  ?Ior?roe, Va. Yoveinber 1967.  (4 r6c- 

W b S  1 5 )  NASA TM-X 2440 

rL:r - A  LETBI /W,TRI f a c i l i t i e s .  
17) Copies  of p h o t o g r a p h s  nnr! dingr ims  ( i n  rcpro1Iicible  form) a v a i l a b l e  of 

d 

L 

-gT t h e  Oak Ridge d a t a  from FY 1974 through c u r r e n t  y e a r .  
18) Form 189,  a l s o  known as "work pnckages" f o r  c p i d e m i o l o g i c a l  s t u d i e s  o f  

c: 
19) Form 990 from vqur o r g n n i z n t i n n  i i l r d  w i t h  t h c  7RS f s r  y e a r s  1965 t h rough  

&I -, 

W"' c u r r e n t  yeaz. c 



Page 2 Memo t o  C.C. Lushbaugh 

, 20)Your paper on t h e  s k i n  l e s i c m s  of  s h e e p  c n u s c d  3 y  r a d i a t i o n .  
'Li : '  
A0 ' 

Thank-you f o r  your  c o n s i d e r a t i o n .  
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February 2, 1981 

* 

Mr. Howard Rosenberg 
iiashington Merry Go Round 
1401 16th Street ,  NW 
Washington, D. C.  20036 

Dear Mr. Roseaberg: 

Please accept this letter in uunfirmation of your telephone 
canvmrsation of today w i t h  W i l l i a m  R. Bibb and Jams I,. 
F c u t c h  of (330 with regarrl to your E'reeclolr. of Infornation Act 
request of January 27, 1981, and as notification tha t  your 
request has been deternine2 to be a?>ropriate for a fee 
waiver. Your request, therefore, has been deemed to be 
accepted for processinu as of t h i s  date,  as hereinafter 
modified. 

As Hr. Foutch exp la iued ,  items 2, 3 and 4 of your requoat 
are for documents that ex is t ,  if at all, at DOE-Headquarters 
in the offices of the Assistant Secretary for Enviro-t. 
I am, therefore, by copy of this letter, referring these 
three items to the Headquarters' Freedom of Information 
Officer for referral to the appropriate Authorizing Official, 
who will respond to you c i i rec t ly .  

As Dr. Bibb explained, the financial plans you requested in 
itsy: 2 arc ? r o L a k l y  nc t  z x  ir. existence, havi iq  beer, Lisposea 
of under our n o m 1  records disposal program. D r .  Bibb 
sc3ces teZ t h a t  he t!.ouc>t it would Le possible to locate 
cost statements covering the activity of intaxwt by y e u .  
You agreed that we should respond w i t h  "whatever [we] have" 
for the years and activity you described, 7TmS etter, 
therefore, confirms that item 9 of y o k  , . -r teq- V k i f i e c i  
to conform to this agreement. 

/,+ 
- v  
* <  

CERTIFIED MAIL : 
XTL'R3 RE;CZIPT RXQUCSTtD 

DOE F 1325 10 
17-79) _ _  

.+ 

OFFICIAL FILE COPY 
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Mr. Howard Rosenberg -2- February 2,  1981 

oar= 

I T G .  S I M 6  

............... 
I I 1 IT I ILS I '  

.......... 
0 A T E  

CITG. 5"?A 

............... 
I I ISTIALS/ 

............... 
D I T =  

W r c .  s v u  

.............. 
i n i r i i ~ s i  

.............. 
D A T E  

I T 0 .  S * k  

............. 
i n i n A i L I !  

............. 

r O * ' " m * l h  Your request for items 9 and 11 ha8 now been forwarded to 
the Authorizing Official  at ORO, who will respond within  ton 
( l o )  working days. 

Sincere ly ,  

CC-10: JLF 
Wayhe Rang&' 
Freedom of Information Officer 

cc: Milton Jordan, HQ FOX 

bcc: W. R. Bibb, Director, Research Div. 

(w/cc of incoming request) 

Dr. C. C. Lushbaugh, ORAU 

D A T E  
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MEMORAflDUM 
OF CALL 

to: Gc AWL&&.. 
0 YOU WERE CALLED BY- 0 YOU WRYVISITED BY- 

OF (Organization) 

om PHONE NO. 0 PLEASE CODE/U(T. 

0 WILL CALL AGAIN 

0 RETURNED YOUR CALL 

MESSAGE 

0 IS WAKING TO SEE YOU 

0 WISHES AN APPOINTMENT 

L 

RECCEI 

I I V  

Sr- 1011 0 (R.r. &76) 
h.rpiM by C U  
R Y R  (41 WR) 101-11.6 

63-109 

*U S CW.1977-0-246-115'6000 
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CIwles A. Cigss 
Chlcf ,  Pub1 i c  Serdces 5ranch 
rjf f i cc o f  Pub1 I c ,kf {a i  rs 

Encl c s w t s  

AP4/1 LScott : j c  : 4/29/80:4241 
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F- ERDA-93 ( 1  - 7 0  ERDAM C d N o t e  a n a  return For slrr,  ,re. For lnforrna (Ion. 

TO (Warn. and unh) I Imlu 

DATE 

Jim Foutch 
Off ice  of Chief 

Counsel 

In response t o  the FOI reques t  from Tony Capaccic 

a t t ached  a r e  three copies  o f  a l l  the hea l th  pro- 

OR0 
TO (Name and unit) 

t e c t i o n .  i n d u s t r i a l  s a f e t y ,  OSHA and occupat ional  

medical a p p r a i s a l s  performed from 1972 through 
INITIAL5 RfMARKS 

- 
DATE 1979. (The  three copies  were handcarried t o  you 

TO ( N a m e  a n a  unit)  

I t 

on 11 /28/79. ) 
INITIAL5 RfMARKS 

Direc to r ,  S&EC D i v .  



OFFICE OF CHIEF COUNSEL 
ROUTING SLIP 

J .  c. Hal f  

4 I W. P. Snyder 
~~ ~~ ~~ - 

M. A. McMurphy 

D. M. Stevens 

C. H. Seehorn, CRBRP/PO 

I J .  J. Mercer 

W. L. Brown 

0. G. Darugh 

~- ~~ 

R. K.  Shimabukuro, CRBRP/PO 

P. R.  Shlemon, CRBRP/PO 

I J. J. Fowler 1 1 I Mai l  and F i l e  Room 

I P .  M. Kannan I Law L i b r a r y  

1 Patent GBUP I M. A. Lyle 
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November 16, 1979 ry/  cc-10 

.-. - .  
1 >\ 

\ 
.\ 

f - - -  

: -t 
<.? t 

- \ 

- YkJP Mr. Tony Capacdo 
1401 16th Street, N.W. 
Washlngton, 0. C. 20036 

Dear Mr. Capacclo: 

Thl s refers t o  the exchange of correspondence, w t t h ; e .  M i  I t e n  Jordan on 
your Freedom of Information Act request o f  O&bu 3U concsrnlng the 
Portsmouth Gaseous Dif fuslon Plant. 

4: L,  

kle !lave determined that the waiver o f  fees you requested i s  appropriate, 
and based on that  determination have deemed tha t  your request was 
considered t o  have been received for  act ion on November 16, 1979. 
request i s  under consideration by M r .  U. R .  Mcclulay, Jr., w)lo I s  the 
FOI Authorfzlng Off ic ia l  fo r  Oak Ridge Operations. 

Your 

Ye w i l l  no t i f y  you promptly should I t  appear tha t  we will be unable t o  
respond n i t h l n  the 10 working days provlded by Department regulations. 

i nQhrely B d WAYNE RANGE 
i 

Wayne Range 
freedom o f  Information Officer 

bcc: ,&lo Foutch, OCC 
AD-44 Morrissey Forrestal Bldg . , 6B-145, Headquarters 

M-4 : WRange : kd : 60888 : 1 1 -1 6-7 9 



FIELD TASK PROPOSAL/ACREEMENT 
DETAIL ATTACHMENTS 
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0 3-24-80 1 00 2493 

19k. C a p i t a l  Equipment FY 81 FY 82 

P o r t a b l e  Computer Terminals 5.0 
To be used by personnel  du r ing  
non-working hours  t o  g a i n  a c c e s s  
t o  CSD computer system. 

CRT Data Terminals  
To be used by inc reased  s t a f f  
i n  t h e  Hea l th  and M o r t a l i t y  
Group. 

Graphics  Terminal and P r i n t e r  
To be  used by b i o s t a t i s t i c a i n s  
i n  d a t a  a n a l y s i s .  

Recordak P o r t a b l e  Microf i lmers  
To be used t o  c o l l e c t  epidenio-  
l o g i c a l  d a t a  a t  v a r i o u s  DOE sites. 

Micro E i l m  Reader f P r  in t er s 
To be used in d a t a  management i n  
v a r i o u s  o f f i c e s .  

Hardcopy Terminal  w i th  Dual P r i n t e r  Heads 
To be used In ep idemio log ica l  word 
p rocess ing .  

Disk Drive 
To be  used fo r  d a t a  s t o r a g e .  

Data Concen t r a to r  and P ro toco l  Processor  
To be used t o  i n c r e a s e  computer 
communlcat i o n  c a p a b i l i t y  . 

Remote Job Ent ry  S t a t i o n  
To improve t h e  e f f i c i e n c y  of d a t a  
hand l ing  f o r  epidemiology. 

Mlscel lancous 

3.0 

15.0 

3.0 

3.0 

3 . 8  

35.0 

6.2 

8.0 
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1.5 

1.5 

1.5 
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FIELD TASK PROPOSAL/AGREEMENT 
DETAIL ATTACHMENTS 

Contractor Number 

19k. Budget Explanation 
The total budget for the Health and Mortality Study increases by 38% from 
FY 1980 to FY 1981. While this is an increase, it is still consistent with 
the budget estimate submitted in our FY 1981 budget submission. 
is also a reaction to the recent DOE guidelines calling for an expansion in 
the Health and Mortality Study effort t o  include all DOE and DOE workers in- 
volved in uranium fuel cycles, 

The increase 

The budget increases are primarily a result of increased staff in FY 1981 
Cone senior epidemiologist ( M . D . ,  Ph.D.), one epidemiologist (Ph.D.1, and 
one data clerk] and an increase in data collection costs. The overall plan 
calls for data collection teams to be in the field during Fy 1981. However, 
ve intend, where possible, to subcontract data collection tasks to those con- 
tractors who are responsible f o r  various sites and who have a well organized 
data collection system already in place. This approach will allow US to most 
effectively and efficiently increase the rate of data collection. 

E t I t l o 8 5  -18- 
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Death C e r t i f i c a t e  R e t r i e v a l  O f f i c e  HI'EIAN HEALTH EFFECTS FROM ENERCY CE!IERATI 
Il.CONTRACTOR M A H E  12. csc: 
Oak Ridge Assoc ia t ed  I N I N C I A G O Y )  1 9. OUOCLT ANO a c M a T i n G c c t c  lo. :zJn T € n w  

#-sa: Lpd: 

C. C. Lushbaugh 

626-3090 

Dr. C. C .  Lushbaiit?h 
B.  Dupree 

The Death C e r t i f i c a t e  R e t r i e v a l  ( , I - f  LCC. (DCRO) s l ippor t s  DcJpartment of Encrpv 
sponsored  ep idemio log ic  s t u d i e s  by p r o v i d i n g  v i t a l  status fol low-t ip  o f  lWE/IWC)E- 
c o n t r a c t o r  workers. An impor t an t  f u n c t i o n  which t h e  DCRO pe r fo rms  is  t o  a c t  as 3 
s i n g l e  p o i n t  of c o n t a c t  w i th  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  (SSA) w h i c h  is one 
of t h e  most complete  soiir'ces o f  i n f o r n a t i o n  c .oncernlng v i r a l  S t J t l l S  i n  1' .  S. wnrker 
popul ,a t ions.  
d e a t h  fnci ices  t o  determine v i t a l  s t a t u s  and to cross reference t h o s e  r e s u l t s  for  v a l i d i t y .  

The DCRO also u s e s  a v a r i e t y  o E  methods such as searches ut' s t a t e  

After  il worker has been i d e n t i f i e d  a s  d e c c a s e d ,  t h e  DCRO cnntliic.ts n scarrh f o r  a 
d e a t h  r c r t i f i ca t e .  When t h e  d e a t h  c e r t i f i c a t e  i s  found. t h e  DCRO v e r i f i e s  chc 
c e r t i f i c a t e  a s  t h e  one sought .  L t  is  t h e n  reviewed by n nosolnKiist rc)c C ~ I I S C -  

of-dea th  coding .  The coded d e a t h  c e r t i f i r a t e s  are t hen  s e n t  t t i  t h e  'isc>r r cq i t c s t ing  
t h e  v i t a l  s t a t u s  s e a r c h .  If a worker's s t a t u s  is  undetermined ,  the DCKO a t t e m p t s  
t o  de t e rmine  t h e  s t a t u s  v i a  methods approved by e p i d e m i o l o g i s t s  r.ondrlcting t h e  st1Jdy 
R e s u l t s  from t h e s e  s e a r c h e s  a r e  then  r e p o r t e d  t o  i n v e s t i g a t o r s  t o  f i l l f i l l  t h c i r  
rtqrrcst . 

-1- 
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Scheduled SSA submissions:  

Report SSA search r e s u l t s  t o  users: 
Dec 1979 s e a r c h  
A p r i l  1980 s e a r c h  
Aug. 1980 s e a r c h  
Dec. 1980 s e a r c h  
A p r i l  1981 s e a r c h  
Aug. 1981 s e a r c h  
Dec. 1981 s e a r c h  
A p r i l  1982 s e a r c h  

Death c e r t i f i c a t e  s e a r c h e s  based on 
SSA submissions from 
19 76 Mall inck rod t  
Jan. 1979 Y-12 

Dec. 1979 X-10 
T EC 

Mound 

Mal l inck rod t  
K-25 

A p r i l  1981 Y-12 

c e r t l F t c o t e  searching 

d e s c r l p t i v e  s t a t i s t i c s  t o  u s e r s .  

Develop computerized a i d s  €or d e a t h  

KVCI I i i r i t c -  I)Ctto mctliuds niitl rcport 

P R O R X E O  SCHEDULE ' 1  AUTHORIZED SCHEWLE 

A p r i l ,  Aug. C Dec.1980 
A p r i l ,  Aug. 6 Dec.1981 
A p r i l  6 Aug. 1982 

March 1980 
J u l y  1980 
Nov. 1980 
March 1981 
J u l y  1981 
Nov. 1981 
March 1982 
J u l y  1982 

March 1980 
June 1980 
A p r i l  1980 
Sep t .  1980 
Dec. 1980 
March 1981 
Dec. 1980 
Jan.  1982 

Feb. 1980 

Sept .  1981 
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-- --- 0 'J - 2 4 -8 0 00 3034 

19a. Facility Statement 

For increased efficiency and development of automated handling of computerized data 
this staff works as subgroups of the Epidemiology Group in the Tyrone Road Building. 

19c. Purpose 

The purpose of the Death Certificate Retrieval Office (DCRO) is to provide DOE- 
sponsored epidemiologic studies with skilled personnel who use sound methodology 
to conduct vital status follow-up. 
approach to vital status follow-up for epidemiologic studies of diverse populations. 
Centralization of vital status follow-up benefits DOE-supported epidemiologic studies 
by reducing unnecessary duplication of effort. The DCRO is the single liaison with 
the Social Security Administration (SSA) and has set up methods f o r  reporting and 
documenting results from use of SSA vital status information. The DCRO supplies DOE 
u s e r s  with copies of death certificates fo r  deceased individuals, verification that 
death certificate information agrees with that supplied by a user, and coding of 
cause of death. In addition, the DCRO staff works with users to conduct special follow- 
up studies. 

The DCRO provides an experienced and consistent 

19f. Technical Progress 

Progress FY 79 and FY 80 

The DCRO continued searching for death certificates using previous years' SSA infor- 
mation. The location of more than 95 percent of all deaths in the white male TEC 
population enabled epidemiological analysis of that cohort's mortality. Death certi- 
ficates were coded €or the TEC population by a nosologist using the Eighth Revision 
of ICDA. 

In January 1979, mortality information was requested from SSA for 111,000 workers from 
the TEC, Y-12, Argonne, Oak Ridge Welders, Los Alamos, and Hanford populations. These 
results were received from SSA in August 1979 and were reported to all users. The de- 
lay in receiving results from the January 1979 SSA request was due to reorganization 
within SSA and a lapse in the DOE/SSA agency agreement to cor'duct mortality searches. 
A new agreement has been made and SSA will continue to be a prime source of mortality 
infornatlon. DCRO has begun looking for death certificates on those individuals SSA 
"declared dead" In the January 1979 search. 

- 3- 
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TASK PROPOSAL/AGREEMENT 
DETAIL ATTACHMENTS 

Rev. No Date Prepared Cont rac to r  Number 

1 9 f .  Technical  P rogres s  ( con t inued)  

T h i r t e e n  s t a t e  d e a t h  i n d i c e s *  have been ob ta ined  and a r e  i n  r o u t i n e  u s e  i n  d e a t h  
c e r t i f i c a t e  s ea rches .  E f f o r t s  are c o n t i n u i n g  t o  o b t a i n  a d d i t i o n a l  s ta te  d e a t h  i n d i c e s .  
A s p e c i a l  s tudy w a s  conducted t o  a s c e r t a i n  t h e  completeness of SSA r e p o r t i n g  using a 
subgroup chosen from a l l  w h i t e  male TEC employees (N = 720) .  
por t ed  by the SSA i n  February 1974. I n d i c e s  of a l l  d e a t h s  recorded i n  Tennessee (1949- 
1974) and Kentucky (1963-1977) were a v a i l a b l e ,  and a s e a r c h  of t h e s e  y i e lded  an addi- 
t i o n a l  n i n e  d e a t h s  o c c u r r i n g  b e f o r e  1974; f o u r  of t h e s e  n i n e  occurred i n  1973, of 
which two were a f t e r  mid-1973. Thus, a t  least  9 of 160 (5.6 p e r c e n t )  of pre-1974 
d e a t h s  or 7 of 158 (4.4 p e r c e n t )  pre-med-1973 d e a t h s  were n o t  a s c e r t a i n e d  by t h e  SSA. 
S ince  most of t h e  known d e a t h s  i n  t h i s  group ( i . e . ,  83 of 145 d e a t h s  w i t h  c e r t i f i c a t e s  
or  57.2  percen t )  occu r red  i n  Tennessee o r  Kentucky, i t  is u n l i k e l y  t h a t  a l a r g e  number 
of o t h e r  d e a t h s  were missed. 

Some 151 d e a t h s  were re- 

Planned P rogres s  FY 80 and FY 81 

E f f o r t s  begun i n  N 79  t o  develop computerized a i d s  for follow-up and r e p o r t i n g  w i l l  
b e  completed i n  FY 80. The s e a r c h  f o r  i n d i v i d u a l s  "declared dead" i n  t h e  January 1979 
s e a r c h  i s  being conducted w i t h  t h e  use  of automated methods. Methodology f o r  using 
t h e  computerized s ta te  d e a t h  i n d i c e s  and thereby avoiding c l e r i c a l  s e a r c h e s  a t  s t a t e  
s i t e s  w i l l  be developed by mid 1980 and i n  place by 1981. Eva lua t ion  of SSA mortali ty 
information and s e a r c h  p rocedures  and t h e  ways they a f f e c t  ep idemio log ica l  m o r t a l i t y  
a n a l y s e s  w i l l  con t inue  in  1980. SSA agreed t o  process  a maximum of t h r e e  sea rches  a 
yea r ,  and DCRO s t a f f  have e s t a b l i s h e d  a r e g u l a r  schedule of  SSA submissions.  In FY 
80 (December 1979) t h e  f i r s t  of  t k e s e  scheduled sea rches  w a s  begun; i t  included over 
82,000 names of workers from Mal l inck rod t ,  Middlesex, % r e m ,  Linde, LASL, NLO, SLY, 
Oak Ridge, and Savannah River popu la t ions .  A l l  SSA submissions and r e s u l t s  feed i n t o  
t h e  DRCO sys tem and work p r i o r i t i e s  on s p e c i f i c  popu la t ions  are set t o  accomoda te  
i n d i v i d u a l  users of t h e  DCRO s e r v i c e .  

Planned P rogres s  FY 82 

DCRO w i l l  cont inue to seek d e a t h  c e r t i f i c a t e s  which have no t  been found f o r  previous 
SSA sea rches .  The m a j o r i t y  of d e a t h  cer t i f ica tes  are r e a d i l y  found i n  areas surround- 
i n g  DOE/DOE-contractor sites, b u t  a few r e q u i r e  lengthy s e a r c h e s  of many states.  
SSA submissions and resubmissions of popu la t ions  formerly s e n t  w i l l  be made on a 
scheduled b a s i s .  The DCRO w i l l  i n c r e a s e  c o l l a b o r a t i o n  wi th  a l l  u s e r s  t o  help them 
meet t h e i r  o b j e c t i v e s  and d e a d l i n e s .  Continuing e v a l u a t i o n  of s e a r c h  methodology w i l l  
b e  made t o  improve e f f i c i e n c y  and p e r c e n t  recovery.  As more epidemiologic  s t u d i e s  
begin t o  evolve,  s t u d i e s  of d e a t h s  i n  the 198O's, methods of d e a t h  s e a r c h e s  through 
o b i t u a r i e s ,  t e l ephone  s e r v i c e  and b u s i n e s s  d i r e c t o r i e s  w i l l  come i n t o  broader use .  
DCRO w i l l  u s e  t h e  Nat ional  Death Index and p l ans  t o  develop t h e  r equ i r ed  o p e r a t i o n a l  
i n t e r f a c e  and methodology t o  do  so. 

New 

*see t a b l e .  
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Enter h e a d i n p  i n  accordance wi th  Item 19. 

19f .  Technical  Progress (cont inued)  

*Sta te  Death I n d i c e s  

1. Obtained and i n  p l a c e  
Alabama 
Arizona 
C a l i f o r n i a  
Delaware . 
F l o r i d a  
Kentucky 
Louis iana  
Maine 
Montana 
North Caro l lna  
Ohio 
Tennessee 
Texas 

1908 - 1977 
1940 - 1977 
1960 - 1977 
1939 - 1976 
1940 - 1978 
1963 - 1977 
1975 - 1978 
1960 - 1978 
1954 - 1977 
1956 - 1977 
19L9 - 1977 
1964 - 1977 

1975 - 1977 

2 .  Promised but  n o t  i n  p lace  
Connect icut  
Georgia 
Hawaii 
M i s s i s s i p p i  
New Jersey 
Utah 
Louis iana  (pre-  197 5) 

3. Possible exchange with NCI 
Kansas 1971 - 1977 
Missouri  1960 - 1976 
Ye b r 3s ka 1954 - 1974 
W i scon s in 1968 - 1976 
Washington, D. C. 1971 - 1976 

-5- 
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Oak Ridge A s s o c i a t e d  U n i v e r s i t i e s  
P. 0. Box 117 
Oak Ridge,  Tennessee  37830 

C. C. Lushbaugh 
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C. C. Lushbaugh 

D. Robie ’ 

T h i s  program p r o v i d e s  t h e  t e c h n i c a l  s u p p o r t  neceueery  for developing t h e  d a t a  bases 
of worke r s  a t  approx ima te ly  100 c u r r e n t  and former DOE c o n t r a c t o r  s i t e s  for t he  
H e a l t h  and M o r t a l i t y  Study.  T h e s e  c o n t r a c t o r s  i n c l u d e  t h o s e  engaged i n  a l l  phases  
of t h e  uranium f u e l  c y c l e s ,  r e s e a r c h  and development ,  p r o d u c t i o n ,  t e s t i n g ,  and fabri- 
c a t i o n  o f  n u c l e a r  weapons. 

S p e c i a l i s t s  t r a i n e d  i n  d a t a  c o l l e c t i o n ,  d a t a  v a l i d a t i o n ,  q u a l i t y  control, a:.: d a t a  
p r o c e s s i n g ,  deve lop  s t u d y  f i l e s  from p e r s o n n e l ,  med ica l ,  and o c c u p a t i o n a l  r eco rds  on 
more t h a n  800,000 WE c o n t r a c t  employees. Experts i n  h e a l t h  physics, i ndus : r i a l  
hyg iene ,  and i n d u s t r i a l  management, w i l l  d e s i g n  and s u p e r v i s e  a b s t r a c t i n g  and encoding 
p rocedures .  
mat ion  to a c e n t r a l i z e d  d a t a - p r o c e s s i n g  f a c i l i t y .  

Data c o l l e c t i o n  teams are sent t o  c o n t r a c t o r  s i t e s  t o  t r a n s m i t  i n f o r -  

The d a t a  c o l l e c t i o n  team, i n  c o o p e r a t i o n  w i t h  key DOE c o n t r a c t o r  and DOE Fie id  OfEice 
P e r s o n n e l ,  p r e p a r e s  t h e  data f o r  cDmputer iznt ion.  The computer ized  d a t a  can  then  be 
used  for v i t a l  s t a t u s  s e a r c h e s ,  nnt! h i o s t n t i s t f c n l  and e p f d e m i o l o ~ l r a l  ; inal:.sis.  Epi- 
J c m i o I o K l s t s ,  n t a t f s t f c l a n u ,  h c n l t h  p h y e l c i s t s ,  and computer s c i e n t i s t s  of tlie DOE 
Heu l th  and M o r t a l i t y  Study Progrnm gu ide  a l l  a s p e c t s  of  d a t a  p r e p a r a t i o n  w l t h  emphasis 
on q u a l i t y  c o n t r o l  and d a t a  v a l i d a t i o n  f o r  f i n a l  ep idemio log ic  a n a l y s i s  and e v a l u a t i o n .  
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t i o n  and h e a l t h  phys i c s  team (t.20 
persons) .  

Prepare r eco rds  p r o E i l e  of sslectecl 
WE sites ( e . g . ,  Bc t t i s ,  KAPL, NLO, 
and Mound) and o t h e r  uranium f u e l  c y c l t  
sites. 

P repa re  a r eco rds  p r o f i l e  s tudy of 
Portsmouth,  Paducah, and o t h e r  uran- 
ium f u e l  c y c l e  si:es. 

R e c r u i t ,  t r a i n ,  and equ ip  t h e  second 
f i e l d  c o l l e c t i o n  team. 

Conduct ;1 f e a s i b i l i t y  s tudy  of es tab-  
l i s h i n g  a uniform WE-wide record 
keeping s y s t e m .  

Conduct a p re l imina ry  r eco rds  a v a i l a -  
b i l i t y  review of  remaining s i t e s  i n  
t h e  uranium f u e l  cycle  and a records 
p r o f i l e  of a l l  disbanded DOE sites. 

C e n t r a l i z e d  da ta -p rocess ing  f a c i l i t y  
and s t ; i f f  f u l l y  o p e r a t i o n a l  ( i n c l u d i n g  
t h r e e  co 1 l e c t  i o n /  p r o c e s s  i n g  t earns 1 . 
E s t a b l i s h  a c o n t i n u a l  system d a t a  pro- 
c e s s i n g  and p r e p a r a t i o n  of DOE s i t e  
b a s e s  for epidemiologic a n a l y s i s .  

March 1980 

June 1980 

April 1980 

Jan. 1981 

June 1931 

Nov. 1981 

Dec. 1981 

O c t .  1982 
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0 3-24-80  00 3401 

19c. Purpose 

Modern epidemiologic s t u d i e s  must have d a t a  bases  t h a t  are c a r e f u l l y  c o l l e c t e d ,  r i g i d l y  
c o n t r o l l e d  so a s  to  be a s  uniform and e r r o r - f r e e  as p o s s i b l e  t o  avoid b i a s i n g  epidemio- 
l o g i c  ana lyses .  
and r e l i a b i l i t y  t o  suggest c a u s a l  r e l a t i o n s  between such late e f f e c t s  as cancer and low, 
chronic  occupat iona l  exposures t o  r a d i a t i o n  and o t h e r  i n d u s t r i a l  t o x i c a n t s ,  
t h e s e  needs,  t h e  number of DOE workers under s tudy must b e  as l a r g e  a s  p o s s i b l e  and 
t h e  d a t a  f o r  t h e i r  work-history f i l e s  must b e  c o l l e c t e d  and managed under s t r i c t  q u a l i t y  
c o n t r o l  f o r  uniformity and completeness.  This  program provides  t h e  t e c h n i c a l  support  
t o  meet t h e s e  goa ls .  

Large s tudy p o p u l a t i o n s  are needed t o  o b t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  

To meet 

19f .  Technica l  Progress  

Progress  FY 79 and FY 80 

A manager for t h e  da ta -co l lec t ion  group,  h i r e d  i n  FY 79, experienced i n  r e s e a r c h  program 
a d m i n i s t r a t i o n  and i n  personnel and b u s i n e s s  management, assumed r e s p o n s i b l i t y  f o r  t h e  
e n t i r e  d a t a - c o l l e c t i o n  process. R e s p o n s i b i l i t i e s  included r e c r u i t i n g ,  t r a i n i n g ,  and 
d i r e c t i n g  t h e  da ta -co l lec t ion  team of technical and c ler ical  personnel .  The t e c h n i c a l  
members of t h e  team a r e  respons ib le  f o r  i n t e r p r e t i n g  and eva lua t ing  medical and ex- 
posure d a t a .  
t h e  demands of managing huge d a t a  bases .  
f e a s i b i l i t y  of data c o l l e c t i o n  and scheduled f o r  d a t a  a c q u i s i t i o n .  Col lec t ion  method- 
ology of o t h e r  epidemiology or r e l a t e d  programs such as SEER-Atlanta, N C I  and Nat iona l  
Death Index Off ice ,  Bethesda, and Nat iona l  Cancer Regis t ry  were received.  C l e r i c a l  
personnel  performed a c t u a l  d a t a  convers ion ,  v a l i d a t i o n ,  etc. to encode t h e  raw d a t a  
f o r  computer izat ion p r i o r  t o  p r e p a r a t i o n  of a n a l y s i s  f i l es .  

They develop methods and procedures  f o r  computerizing t h e  d a t a  t o  meet 
Many DOE s i t e s  were v i s i t e d  t o  determine 

During t h i s  period of t i m e ,  d a t a  f e a s i b i l i t y  s t u d i e s  were conducted a t  12 DOE sites. 
Pre l iminary  records reviews were completed a t  Bet t i s ,  Nevada Test S i t e ,  Nat ional  Lead, and 
Mound Laboratory,  i n  a d d i t i o n  t o  t h e  3 Oak Ridge P l a n t s .  
were a l s o  v i s i t e d  to i d e n t i f y  p o t e n t i a l  problems and needs f o r  t h e  d a t a - c o l l e c t i o n  teams 
in FY 80. 
centers was completed. These included t h e  Federa l  Records Centers l o c a t e d  i n  Bayonne, 
New Jersey and S t .  Louis, Missouri ,  and DOE records stor:ige s f t c n s  ;it t h c  IhvIroninc~ntal 
Nonitor in& Laboratory i n  Manhattan, and Oak Ridge Operat ions O f f i c e .  A computerized 
record  inventory  was e s t a b l i s h e d  t o  provide  a comprehensive overview of h i s t o r i c a l  AEC 
and DOE records.  This  d e t a i l e d  r e c o r d s  p r o f i l e  system, s t a r t e d  i n  M 79, was designed 
t o  (1) contac t  personnel and record departments  and o t h e r  sources  of epidemiologic  
d a t a  a t  s e l e c t e d  WE s i t e s ,  ( 2 )  survey t h e  v a r i o u s  methods used f o r  record  keeping and 
determine s t a t u s  and ex is tence  of s p e c i f i c  k inds  of records  needed, and ( 3 )  a s s e s s  t h e  
p o t e n t i a l  d i f f i c u l t i e s  of d a t a  c o l l e c t i o n  by o f f - s i t e  teams vs o n - s i t e  permanent record 
c l e r k s .  From t h i s  a n a l y s i s ,  c h a r a c t e r i s t i c s  of record-keeping systems were determined 

Five DOE o p e r a t i o n s  o f f i c e s  

A survey and follow-up v i s i t  of several Federa l  and DOE records  c o l l e c t i o n  

1 J th”OC33 
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and p l a n s  were developed  t o  s t a n d a r d i z e  methods of r e c o r d  keep ing  w i t h i n  a l l  W E  
o p e r a t i o n s .  A r e s e a r c h  p l a n n i n g  commit tee ,  f u l l y  o p e r a t i o n a l  by t h e  s t a r t  of FY 80, 
reviewed a l l  d a t a - c o l l e c t i o n  a c t i v i t i e s .  

Planned P r o g r e s s  FY 80 and M 81 

A d d i t i o n a l  d a t a  c o l l e c t i o n  t e a m  p e r s o n n e l  are t o  be r e c r u i t e d ,  t r a i n e d ,  and equipped 
as r a p i d l y  as p o s s i b l e  so that f i e l d  d a t a  c o l l e c t i o n  can be expanded i n  FY 80 t o  
i n c l u d e  c u r r e n t  s i tes of i n t e r e s t .  P l a n s  are made t o  s t u d y  some t e rmina ted  s i tes  and 
c u r r e n t  s i t e s  n o t  p r e v i o u s l y  involved  i n  H e a l t h  and ? f o r t a l i t y  S t u d i e s .  These s i tes  
were chosen for f e a s i b i l i t y  s t u d y  because  of l ong  employment--3,000 p e r s o n s l y e a r  f o r  30 
y e a r s .  
from t h e  Nevada Tes t  S i t e .  

A fo rma l  a r rangement  h a s  been e s t a b l i s h e d  f o r  o b t a i n i n g  c i v i l i a n  employee d a t a  

A s c h e d u l e  w i l l  be  e s t a b l i s h e d  f o r  data c o l l e c t i o n  a t  a l l  p r e s e n t  and former DOE si tes,  
p a r t i c u l a r l y  t h o s e  invo lved  i n  t h e  uranium f u e l  c y c l e  t echno logy .  R e t r i e v a l  -.ethods 
a t  v a r i o u s  sites w i l l  be  t a i l o r e d  acco rd ing  t o  a c c e s s i b i l i t y  of d a t a .  Genera l  gu ide-  
l i n e s  w i l l  be e s t a b l i s h e d ,  and s p e c i a l i z e d  methods w i l l  be  deve loped  a s  needed. R e t r i e v a l  
p rocedures  w i l l  be  c o o r d i n a t e d  w i t h  ORO, ocher  f i e l d  o f f i c e s ,  and o t h e r  DOE ep idemiologic  
r e s e a r c h  p r o j e c t s .  

Cont inuing  t h e  r ev iew begun i n  FY 79, a l l  remaining r e g i o n a l  a r c h i v e s  and r e c o r d s  
c e n t e r s  w i l l  be rev iewed and v i s i t e d  f o r  a d d i t i o n a l  d a t a  to  d e t e r m i n e  t h e  p o t e n t i a l  
s i z e  of t h e  N a t i o n a l  R o s t e r  of U .  S .  Atomic Workers. I n  e a r l y  FY 80 a n  in-depth demo- 
g r a p h i c  s t u d y  of s e l e c t e d  s i tes  w i l l  be  completed.  
be  in t e rv i ewed  for  a r c h i v a l  d a t a .  Community and e n v i r o n m e n t a l  a n a l y s i s ,  worker- 
d i s t r i b u t i o n  p a t t e r n s ,  d e n s i t y  of p o p u l a t i o n s  and v i t a l  s t a t i s t i c s  by c o u n t i e s  w i l l  be 
docrirnentcd. 

S e l e c t e d  area r e t i r e d  employees w i l l  

Planncd Progres s  1-Y 8 2  

The expe r i ence  ga ined  i n  FY 79,  FY 80, and FY 81 w i l l  be  used  i n  t r a i n i n g  n second 
d a t a - c o l l e c t i o n  team to a l t e r n a t e  w i t h  ttic f i r s t .  The p l a n  is for t h c  two c o l l c c t i o n  
teams to  work together-one at t h e  c e n t r a l i z e d  d a t a - p r o c e s s i n g  f a c i l l t y  to  develop  
skills i n  t r a n s p o s i n g  f i lmed  s o u r c e  d a t a  t o  s t a n d a r d i z e d  f o r m a t s  for compute r i za t ion  
w h i l e  t h e  o t h e r  team col lec ts  more d a t a  a t  a p l a n t  s i t e .  
for q u a l i t y  c o n t r o l  s u r v e i l l a n c e  ol t h e  p rocess ,  i n d i v i d u a l  per formance  (accuracy  and 
d e p e n d a b i l i t y )  and rate of p r o g r e s s .  Curren t  p l a n n i n g  h a s  e a c h  t c m  workinr: wi th  a t  
l eas t  two e p i d e m i o l o g i s t s  i n  t r a i n i n g  (pre-master  o r  d o c t o r a l  s t u d e n t  and one pos t -  
HPH g r a d u a t e  s t u d e n t  from t h e  U n i v e r s i t y  of North C a r o l i n a ) .  T h e i r  p r o g r e s s  w i l l  be  
s u p e r v i s e d  by t h e  Research  P lann ing  Group as e x p l a i n e d  i n  t h a t  FTP. 
and equ ipp ing  oC all ttic c o l l e c t i o n  teams will have been comple ted  by l a t e  FY 81, and 
t h e n  w i l l  be o p e r a t i o n a l  i n  FY 8 2 .  

P r o c e d u r e s  w i l l  be deve loped  

Complete t r a i n i n g  



, / ,  

Bin N w h c r  'Task Y O .  

FIELD TASK PROPOSAL/ACREEMENT 
X T A I L  ATTACHMENTS 

---- 
Rev. No Date Prcparcd Con t rac to r  Number 

0 3-24-80 00 3401 

19f. Technical  P r o g r e s s  (cont inued)  

The Research Planning Croup, e s t a b l i s h e d  i n  N 7 9 ,  will con t inue  t o  e v a l u a t c  record-  
keeping and d a t a - c o l l e c t i o n  t cchn iques  i n  a l l  s t u d i e s .  

A completely automated a u d i t i n g  system w i l l  be a v a i l a b l e  t o  summarize t h e  d a t a  acqu i s i -  
t i o n  accomplished by t h e  C e n t r a l i z e d  Data Processing F a c i l i t y  s t a f f  t o  enhance t h e  
flow of sou rce  d a t a  and i t s  p r o c e s s i n g  f o r  computer izat ion.  Automated procedures  w i l l  
be used t o  i n s u r e  t h e  q u a l i t y  of t h e  d a t a .  

Complete record p r o f i l e s  o f  a l l  a c t i v e  DOE s i t e s  w i l l  have been completed by mid 
FY 82. The d a t a - c o l l e c t i o n  program w i l l  have been completed a t  Bet t is ,  KAPL, Mound, 
and NLO. Following t h e s e  s t u d i e s .  an in-depth summarization oE t h e  problems and 
methodology of d a t a  r e t r i e v a l ,  conve r s ion ,  etc.  w i l l  be completed. The management 
and c o l l e c t i o n  methods will be r e f i n e d  based on our experience.  

I n  FY 82 t h e  computerized d a t a  from a t  least  50 percent  of t h e  a c t i v e  s i tes  and 25 
percsn t  of t he  disbanded s i t e s  w i l l  have been reviewed. Yost uranium f u e l  c y c l e  s i t e s  
will be included i n  t h i s  review. C o l l e c t i o n  teams w i l l  be working c o n c u r r e n t l y  a t  
s e v e r a l  s i t e s  c o l l e c t i n g  and v a l i d a t i n g  da ta .  

By tlic bcglnnlng of IY 82 t h e  C c n t r a l  Data-Processing Facillty ut11 be Involved w l t l t  
upd;il:Lnh; t h e  d a t a  p rcv lous ly  ob ta ined  rrom a c t i v e  DOE p l a n t s  and reuearcli  s i tos  and 
will have i n  p l a c e  a n a t i o n a l  r o s t e r  of persons who were p r e v i o u s l y  or a r e  p r e s e n t l y  
atomic workers. I t  is expected t h a t  t h i s  Na t iona l  Roster  of Atomic Workers w i l l  then 
coinprise a l a r g e  d a t a  base which can be used t o  test v a r i o u s  epidemiologic  hypotheses 
i n  the  areas that concern t h e  p o t e n t i a l  hazards  of nuc lea r  i n d u s t r y .  

L t  fs expected t h a t  through enc ryp t ing  procedures t o  remove p e r s o n a l  i d c n t i f i e r s  t h a t  
t he  pr ivacy oE i n d i v i d u a l s  i n  t h i s  d a t a  base w i l l  be p r o t e c t e d  from t h i r d  parties so 
t h a t  procedures can bc developed which i l l l o w  l a r g e  s u b s e t s  or t h e s e  d a t a  t o  hc made 
a v a i l a b l e  Tor a d d i t i o n a l  independent a n a l y s e s  by recognized e p i d e m i o l o g i s t s  and bio-  
s t a t i s t i c i a n s  w i t h  DOE, HEW, NIOSH, and o t h e r  r e sea rch  groups. 

By t h e  end of FY 82 a DOE-wide s y s t e m  should be i n  p l a c e  a t  all a c t i v e  s i tes  to  
accomplish r o u t i n e l y  an annual  updat ing of t h e  employment and exposure data in t h e  
Nat ional  Radiat ion Workers Roster .  

- 5- 
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The purpose of t h i s  p r o j e c t  is t o  a d m i n i s t e r  the DOE/SSA in t e ragency  agreement under 
which a l l  DOE-supported ep idemio log ic  s t u d i e s  o b t a i n  r e p o r t s  from SSA as t o  t h e  v i t a l  
s t a t u s  of persons i n  t h e i r  s t u d y  popu la t ions .  The c o s t s  i ncu r red  f o r  t h e s e  s e a r c h e s  
are reimbursed t o  SSA through t h i s  mechanism. 

19d. Background 

Formerly t h i s  a c t i v i t y  w a s  funded d i r e c t l y  from OHER (ASEV). 
o f t e n  slowed reimbursements which were requested at such i r r e g u l a r  i n t e r v a l s  t h a t  they 
could no t  be a n t i c i p a t e d  and planned f o r .  
O f f i c e  w a s  t h e  only customer and t h e r e f o r e  c o n s t a n t l y  aware of a l l  work i n  p rogres s  and 
a l l  cos t s  involved,  t h e  communication and payment t r a c k s  were s i m p l i f i e d  by this pro- 
c e d u r a l  change. 

Communication d i f f i c u l t i e s  

Since the  DOE/Death C e r t i f i c a t e  R e t r i e v a l  

19f. Progress  

The procedure w a s  i n  p l a c e  and o p e r a t i n g  i n  e a r l y  FY 80. 

19g. Future Accomplishments 

I n  FY 81 and 82 t h e  need for t h i s  s e r v i c e  w i l l  cont inue a t  t h e  p r e s e n t  l e v e l .  

19h. Relationships t o  Other P r o j e c t s  

T h i s  scrv lcc  f u n c t i o n  is i n t e g r a t e d  w i t h  t h e  Death Certif icate R e t r i e v a l  O f f i c e  and 
p rov ides  t h e r e f o r e  b a s i c  suppor t  f o r  t h e  Health and M o r t a l i t y  Study (Oak R i d F e ) ,  t h e  
Hanford Heal th  and M o r t a l i t y  Study (Hanford Environmental Hea l th  Foundation and Battelle 
P a c i f i c  Northwest Laboratory)  and t h e  Plutonium Workers Study (Los Alamos S c i e n t i f i c  
Laboratory).  

- 3- 
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RBCEePT PROCRESS IN ASSESSMENT C€ HUMAN RESLSTANCZ 

TO T#TAL-BOW IRRADIATION 

C. C.  Lushbaugh 
Oak Ridge I n s t i t u t e  of Nuclear S tud ie s  

P o s t a t t a c k  recovery  w i l l  depend l a r g e l y  upon men's a b i l i t y  to  
p e r - x m  i n  h i g h - r a d i a t i o n  f i e l d s .  H i s  r a d i o e e n a i t i v i t y  w i l l  l i m i t  
these  ope ra t ions  because a n  amount of exposure must n o t  be a l l o v d  
t h a t  vi11 lead t o  a high iccidence of r a d i a r i c n  s i c ' k e s s ,  ar sz5- 
sequent  dea th  fraa hematopoie t ic  &cage. Our knowledge of nan's radio- 
r e s i s t a n c e  i s  s t i l l  q u i t e  meager. It is  baeed on observa t ions  of 
a c c i d e n t a l  r a d i a t i o n  exposures  of normal men i n  s i t u a t i o n s  where dose 
is a ma t t e r  of r e t r o s p e c t i v e  con jec tu re ;  on observat ion8 of human 
e f f e c t s  a f te r  two a t a n i c  a t t a c k s  where thousands of i n d i v i d u a l  ex- 
posures and to ta l -body doses  are r t i l l  be ing  computed af ter  20 yeare 
of otudy ( t h e  A t o m i c  Bomb Casual ty  Conmission end Ich iban  Programs) ; 
and on t h e r a p e u t i c  and c l i n i c a l  observa t ions  of to ta l -body i r r a d i a t i o n  
of p a t i e n t s  whose exposures  were measured p r e c i s e l y ,  bu t  whose h igh  
p r o b a b i l i t y  of becoming ill and dying had s ing led  them out  f o r  
radLat ion therapy.  Frau  such s t u d i e s  i n  the past, the l e t h a l  dose for 
man has been e s t ima ted  as lying between 300 and 450 R. Confidence i n  
t h i s  range is h igh ,  bu t  any assumption of p rec i s ion  here  is unwarranted. 
A r e c e n t l y  c m p l e t e d  r e t r o s p e c t i v e  s tudy of more than 500 to t a l -body-  
I r r a d i a t e d  pa t i en tB  of d i f f e r e n t  ages, sexes, and d i s e a s e s ,  has 
a t tempted ,  by use  of modern s t a t i s t i c a l  techniques,  to  o b t a l n  more 
p r e c i s e  estimates of human dose/response r e l a t i o n s .  
ana lyse r  of t hese  d a t a  pretending* that the  necessary assumptions f o r  
khis kind of d a t a  t r ea tmen t  were v a l i d ,  have y ie lded  estimates of t h e  
e f f e c t i v e  s i n g l e  dosee r e q u i r e d  t o  cause var ious  inc idences  of the 
untoward responses  of a c u t e  r a d i a t i o n  s i ckness  and the  hematopoiet ic  
damage. 
Lmpreaeionr that 200 R w i l l  caure a man to vomit wh i l e  450 R w i l l  k i l l ,  
and allowe eatklYlter of the p r o b a b i l i t y ,  of r rd ia t ion- Induced  reeponre 
whi le  d e f i n i n g  the l i d t o  of c e r t a i n t y .  

P r o b i t  r e g r e s s i o n  

Conceptual ly  s u c h  a n  approach avoid8 the c l i n i d a l l y  arnbiguour 

* We pre t end  becawe wa know the a rompt iono  baric eo the model can . . 
not be met. * L 

, * .  
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The d a t a  i n  Table  I show 
vomi t ing  and d i a r r h e a  i n  

such e s t ima tes  f o r  l o a s  of a p p e t i t e ,  m u s e a ,  
man. These d a t a  are not  d i r e c t l y  app l i cab le  

t o  a popula t ion  of normal h e a l t h y  men, but s ince  c i v i l -  defense-planner, 
must n o t  base  t h e i r  p r o j e c t i o n s  on t h e  most r e s i s t a n t  h e a l t h y  s ta tus  
o f  man, they  can u s e  estimates such a e  these  from s i c k  p a t i e n t s  t ha t  
o v e r s t a t e  t h e  r a d i o a e n s i t i v i t y  of normal man. i 

t 
I 

A l l  t h e s e  d a t a  were de r ived  f r a n  s i t u a t i o n s  where t h e  exposurer 
were prompt, i .e.,  gfven i n  less than  2 hours.  Dose p r o t r a c t i o n ,  
however, promiaes t o  reduce  t h e  incidence of t h e s e  e f f e c t s  i n  man, 
acco rd ing  t o  obse rva t ions  made in animals  and i n  t h e  a c c i d e n t a l l y  
exposed Marsha l lese  n a t l v e s  where in s t ead  of t h e  expected 60 percent  
i nc idence  of  vomlting, o n l y  10 percent  became s i ck .  

C l i n i c a l  evidence i s  abundant t h a t  dose f r a c t i o n a t i o n  d h f n i s h e r  
t h e  inc idence  of  v a r i o u s  responses  t o  r a d i a t i o n  exposure,  bu t  no 
e s t i m a t e  based on c l i n i c a l  d a t a  e x i s t s  on the  e x t e n t  of t h i s  modifl-  
c a t i o n .  It is assumed t h a t ,  as wi th  sk in  erythema or moist desqua- 
mat ion,  t h e  percent  p r o b a b i l i t y  
t o  t h e  product  of t o t a l  dose and a f r a c t i o n a l  power func i n (x) of 
t h e  number ( N f )  of i n d i v i d u a l  exposures:  W e  are 
now s tudying  t h i s  problem r e t r o s p e c t i v e l y  using about  1000 therapeut ic  , 
case h i s t o r i e s  of f r a c t i o n a t e d  to ta l -body i r r a d i a t i o n .  I n  a d d i t i o n ,  

1 
we a r e  making obse rva t ions  on whether dose p r o t r a c t i o n  a l s o  diminishes 
c l i n i c a l  signs of r a d i a t i o n  damage. The l a t t e r  s tudy invo lves  t h e  
t h e r a p e u t i c  t r i a l  of a newly cons t ruc t ed  f a c i l i t y  f o r  t o t a l -body  
i r r a d i a t i o n  of p a t i e n t s  w i th  ch ron ic  blood dysc ras i a s .  This f a c i l i t y  
h a s  10 coba l t -60  gamma-ray sources  arranged i n  such a way t h a t  an 
i s o t r o p i c - f l u x  volume of 1 6  x 16  x 8 f t  is produced and h a s  a n  
exposure ra te  of 1 .5  R/hr.  The p a t i e n t  Is allowed to move a t  w i l l  
about  t h i s  room i n  which he  l i v e s  f o r  3 t o  5 days,  or as  long  as  may 

t h e  f i v e  p a t i e n t s  s t u d i e d  t o  d a t e  i n  t h i s  f a c i l i t y  p rev ious ly  received 
b e  needed t o  expose him t o  t h e  dose h i s  therapy r equ i r e s .  

t h e  same dose (70 r ads )  i n  ano the r  total-body i r r a d i a t i o n  f a c i l i t y  
where t h e  dose r a t e  i s  60 times as  r ap id  (1.5 R/min). All experienced 
seve re  a c u t e  g a s t r o i n t e s t i n a l  r e a c t i o n s  with t h e  more r a p i d l y  d e l i v -  
e r e d  dose,  bu t  were symptom f r e e  In  t h e  new f a c i l i t y  (Table 11). 
Depression of blood e lements  a f t e r  exposure i n  t h e  t w o  f a c i l i t i e s  was 
compared; e f f e c t s  were less pronounced and less p e r s i s t e n t  a f t e r  
exposure a t  t h e  low-exposure rate. These l imi t ed  obse rva t ions  imply 
t h a t  t h e  concept  of equ lva len t  r e s i d u a l  dose is c o r r e c t l y  a p p l i c a b l e  
t o  man and t h a t  c l i n i ca l  d a t a  can be  obtained t h a t  may allow tailor- 
i n g  of t h e  a p p r o p r i a t e  c o n s t a n t s  t o  f i t  t h e  concept d i r e c t l y  t o  man'r 
r a d i o r e s i s t a n c e .  

( E )  of vomiting or dea th  is r e l a t e d '  

= Dose Nf 'x' 

I 
1 

i 

I ~ 

I 

Three of 

I 

Table 111 c o n t a i n s  ertlmater of the popula t ion  inc idence  of 
'variour eymptmr o f  r a d i a t i o n  rickness that mlght be expec ted  Lf an 
i n f l n i t c l y  l a r g e  number of people  were s h u l t a n c o u s l y  exposed t o  
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rtnllla dose of 10 r ads  of t o t a l -body  i r r a d l a t l o n .  The es t imated  
,h ‘ idonce~ are a l l  below 4 percen t ,  a l e v e l  that could  e a s i l y  be 

A.rsen~y r l t u a t l o n s  man can work i n  much h igher  r a d l a t f o n  f i e l d s  
*-h longer them than p t ev ious ly  imagined. I f  t o t a l  dose and 
e w s u r e  t imes of  personnel a r e  c o n t r o l l e d ,  a ba lance  can be 
achieved between t h e  needs of t h e  popula t ion  t o  be rescued and a 
:aimable tncidence of a c u t e  r a d i a t i o n  s i ckness  i n  t h e  rescuers .  
wh-rriren of more than 30 R ob ta ined  a t  low rates over  a n  e n t i r e  
iay ior seve ra l  days up t o  a week w i l l  probably n o t  came even t h e s e  
IOU incidences of a c u t e  g a s t r o t n t e s t i n a l  symptoms. 
e x p r u r e r  w i l l ,  however, cause  dep ree r ione  ln blood l e v e l r  of 
irqwrtant ce l l8  that can l e a d  mubeequently t o  i n f e c t i o n #  and o t h e r  
3 s L d a e a ,  t h o  3OR/&y/week exposure must be r e r t r f c t e d  t o  ar  -11 
a number of he ro lc  c l v l l - d e f e n r a  vo lun tee r#  a. condltlmr pemlt. 

\ b t d o r  a u s t e r e  cond l t fone ,  and suggest  t h a t  i n  extreme 

Since ruch 

I ,  . -  
I 

I 
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T A B L E  X. 

RECENT ESTIXATES OF EFFECTIVE DOSES (RADS) 

FOR Sopig HUMAN PRODROEULRESPONSES * 

Reaponser ED10 ED501 

+17 
3 9 - 2 ~  

5 1 - 2 ~  

(j2-20 

87-61 

Anor ex ia 

+ 17 Nausea 

+2 0 b s  is 

+66 D i a r r h e a  

+3 1 
97-26 

+7 2 
139-33 

+178 
183- 53 

+122 
238- 55 

* Space Radia t ion  Study Pane l  Report  
(NAS/NRC). ' 

I 

I 

# EDso - the  "Effec t ive  Dose" that  w i l l  
probably cauae 501: of the s u b j e c t s  under 
s t u d y  t o  show a s p e c i f i c  response that  
is def ined  w i t h  some temporal  r e l a t i o n  
t o  t h e  i n s u l t  (he re ,  t o t a l -body  exposure 
t o  deeply  p e n e t r a t i n g  g a m  r a d i a t i o n  f o r  
l e a a  than two hours).  

I 

I 
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T A B L E  XI. 

INITIAL MPERIENCB W I T H  MJ-MPOSURE-RATE 

TOTAL-BODY IRRADIATION FACILITY (1 .5  R/HR) 

Patient Total  Total Average Prodromal 
No. Dx.* Sex/Aue Residence Exposure Practlon/Day Symptmo 

Hr / Day R / H r  x 
1 x T  W6 1 116.0 (4.8) lSO/ 100.0 86.2 0 

2 C U  w73 73.1 (3.0) 100/66.7 91.2 0 

3 Qn. wl2 74.4 (3.1) 1OO/66.7 89.6 0 

4 QQ. P/45 78.7 (3.3) 1 W 6 6 . 7  84.6 # 

5 1 s  w 79 76.2 (3.2) 100/66.7 87.3 0 

* IT - Ideopathtc thrombocytopenla. 
CLL = Chronic lymphatic leukemia. 
CM. - Chronic myeloid leukemia. 
IS - Lymphosarcana. 

I 

I '  # -*we. rel ieved by eating. 

19 7 
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T A B L E 111. 

INCIDENCE OF RADLATIU4 SICKNESS 

Per thourand pcraone expored to 10 rad whole-body radiation. 

I 

, 
DATA* FROM 

P or . m u  Others 

Anorexia 

Nausea 

5 

4 

40 

15 

Vani  ting 3 11 

Diarrhea 12 2 

I 

* Obtained fran therapeutic studies on patients a t  the 
Medical D i v i r i o n ,  Oak Ridge Associated Universities (ORAU), 
and SO other U. S. horpitah (Other,). 

I 
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Hematologic and Therapeutic Effects of Total-Body Irradiation 
(50 R - 100 R) in Patients with Malignant Lymphoma, Chronic 
Lymphocytic and Granulocybc Leukemias , and Polycythemia Vera* 

G .  A. Andrews, F. V. Comas, C. L. Edwards, 
R. M. Kniseley, C. C. Lushbaugh, and Helen 
Vodopic k 

Introduction 

Since 1957 the staff of the Medical Division of Oak Ridge Associated 
Universities has been studying the hematologic and clinical courses of patients 
receiving total-body irradiation. In an ear ly  experiment the radiation therapy 
was done in connection with attempts to graft bone marrow (1). We also have 
studied intensively the hematologic cour ses  of victims of accidental exposure to 
radiation (2-7). The present repor t  covers  the therapeutic and hematologic 
resul ts  of a ten-year study - 1959 through 1968 - of single exposures of 50 R 
and 100 R given a t  approximately 1 .5  R/min in a specially designed facility for 
total-body radiation therapy. Soiiie of the data from this ser ies  have been 
published previously in brief form (8). 

This study was  initiated with two principal objectives; the first w a s  to seek 
information that might lead to improved radiation therapy for disseminated 
malignant disease,  especially leukemia and lymphoma, by determining the best  
c r i t e r i a  for selection of patients, radiation dose, and dose rate. For many 
years  radiotherapists have been able to control progression of certain hematologic 
disorders  by giving "spray X-irradiation" and have obtained similar effects using 
internally administered radiation, in particular phosphorus-32 (9). Fractionation 
and dose protraction quite logically have been used to reduce the incidence of 
undesirable side effects and are believed also to decrease the damage to normal 
t issues more than to malignant ones. However, differences in fractionation, 
energy of the beams, and uniformity of exposures to different par t s  of the body 
make i t  difficult to evaluate and compare the effects of various radiation- 
exposure patterns used in such therapy. 

The second objective was to  acquire radiobiologic information. The radio- 
biologic aspects of total-body irradiation on man have been studied clinically 

* From the Medical Division, Oak Ridge Associated Universities, 
under contract with the U. S. Atomic Energy Commission. 



since Walsh (10) first described radiation s i c h e s s  in 1897. The dose-response 
relationships, however, a r e  still poorly known and present estimates are based 
largely on conjectures and extrapolations from animal experiments, or from 
experience with accident victims, atom bomb casud t i e s ,  and patients treated 
by irradmtion. Because patients in the past ordinarily have been treated with 
divided doses ,  it has been difficult to compare biologic effects in the many 
clinical series with each other, o r  with the effects seen after radiation accidents. h 

We decided to obtain baseline data by giving individual doses of 50 or 100 R 
and then observing the patients long enough to evaluate effects. These single 
doses  of radiation, somewhat higher than individual doses in a fractionated 
regimen, would provide a response that  could be  measured with a c lear  temporal 
relation to the date of irradiation. In contrast ,  an effect gradually induced by 
two o r  more  variably spaced small  doses would be more difficult to analyze and 
compare among groups of patients. Single exposures also would permit u s  to 
compai-e the hematologic responses with those of accident victims who usually 
receive single rapid exposures. Careful definitions of the effects of 50 R and 
100 R ,  as attempted in this paper,  a r e  a necessary basis  for  la ter  evaluating the 
effect of fractionation. 

It was not our plan to evaluate the long-range effectiveness of these 
relatively large individual doses of total-body irradiation as a repetitive and 
sole therapy. This would have required establishing a total treatment plan with 
this technique, ivhich 1i.e \yere not prepared to do. The Larger doses provide a 
less continuous control, a possible disadvantage emphasized by Osgood. We 
\ imtc.d to be able to add or  substitute other forms of treatment \\,hen specific 
clinical considerations seemed to indicate them. One should not infez f rom this 
stucli thnt we espected thcsc individual or  infrequently giiren exposures to produce 
better clinical resul ts  than fractionated total-body o r  portal irradiation. At 
present  we feel that some pattern of fractionated exposure. such as that of 
R. E.  Johnson ( l l ) ,  probably offers  a preferable approach for total-body r a h -  
therapy, The data reported here, by defining the range ol  clinical and 
hematologic effects that single exposures of 50 and 100  R can be expected to 
produce in these diseases ,  should provide a yardstick for  comparisons in 
future total-body irradiation t r ia l s  using different exposure patterns. 

F 
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Such information, even though obtained in the abnormal conditions of 
disease,  is helpful f o r  assessing levels of accidental gamma and neutron 
irradiation injury and guiding therapeutic efforts. During the course of the 
studj- the urgent need arose ior information on hematologic effects in man, 
since the National Aeronautics and Space Administration was faced with 
potentially high levels of radiation exposures in space exploration. The 
principal answers we sought were the pattern of responses for leukocytes, 
r e d  blood cells, and platelets in chronic lymphocytic leukemia, lymphoma, 
chronic granulocytic leukemia, and polycythemia rubra vera .  What differences 
occurred in response to 50-R and 100-R exposures? Did normal blood cells 
differ in radiosensitivity from their counterparts in proliferative disorders? 

cytic leukemia o r  lymphoma compared with polycythemia rubra vera? Or ,  
do "normal" lymphocytes of polycythemia rubra vera have the same sensitivity 
as lymphocytes of chronic lymphocytic leukemia? W e  also wanted to observe 

i 
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miwm F o r  example, do platelets have a different radiosensitivity in chronic lympho- 
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the degree  and length of clinical improvement as manifested by relief of general 
symptoms, and regression of masses ,  lymph nodes, l iver,  and spleen, In 
addition, we wanted to determine the incidence and andyze the nature of the 
unplensrint symptoms of acute radiation exposure which a r e  included in another 
study (12). 

This report  completes one phase of our total-body irradiation study program. 
In brief this study will: 
effects, 2) be simpler to analyze than more complex regimens, 3) provide 
information relevant to radiation injury in "normal" humans. It will not: 1) 
demonstrate that 50 o r  100 R is better than the currently accepted fractionation 
modes, o r  2) analyze the long-range therapeutic effectiveness of these doses. 

1) provide baselines for the study of fractionation 

Materials and Methods 

Patients - A total of 59 treatments were given. This report covers 
information on 29 exposures to 50 R ,  and 55 to 100 R. The remaining five 
were  dropped from the protocols because of an urgent need for additional o r  
different therapy before the study was finished, o r  because of the patient's 
inability to meet the appointments for follow-up outpatient visits during the 
study period. The number exposed and their disease categories are l isted 
in Table 1, along with the abbreviations used in the text. 

,?u1 patients with these diseases  admitted to the Medical Division hospital 
during this period lverc considered for this therapeutic pi-ogrnm. The 
diagnoses were established by clinical history, physical examination, and 
microscopic study of surgical biopsies, bone marrou., and peripheral blood 
samples.  The urgency for treatment was  assessed, and those patients 
whose condition required some other kind of therapy, or  no therapy a t  all, were 
omittcd. If t h s  clinic,d status was changing rap id ly  and we anticipated that 
o t k r  ad&tiuntll treatiiient might be needed during the postirradiation observation 
period, these patients were also excluded. If no clearly superior therapy w a s  
available for a particular patient and the total-body radiation treatment was re- 
garded as an acceptable way of management, the patient was offered this form of 
treatment,  following an explanation of the research protocol. Informed consent 
was obtained in accordance with ethical practice to protect the rights of the 
individual as a research  subject. W e  recognize some bias in the selection of 
one of the two doses. In a concern for the patient's safety early in the study we 
evaluated only the resul ts  of 50-R cxposures before using the higher dose. 
Later, some of the patients selected for the  100-R exposure were those with 
more  pronounced symptoms, o r  in lymphoma, had tumor masses that were 
judged to need the more vigorous treatment. On reviewing histories and clinical 
status, * however, we believe that these biases are not sufficiently great to 
prevent u s  from comp'ving a 50-R group with a 100-R group. Other forms of 
treatment for  the disease were discontinued before the irradiation, except that 

* Summaries of clinical histories and status changes of the individual 
patients have been collated and included in the Appendix of this report .  
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50 R 

2nd& Total & 

3 15 

0 5 

in a few patients who required it, maintenance steroid therapy was  kept up (see 
Tables D and E in Appendix). Of the patients with chronic lymphocytic leukemia, 
blood transfusions were given during the  six-week posttreatment period (Table 2) 
to three exposed to 50 R and four patients exposed to 100 R. No other treatments 
were given during this time. 

100  R 

1s tRx 2nd Es, 

16 4 

17 5 

Table 1 

Patients Exposed to Total-Body Radiation in Each of the Disease Categories 

Chronic Lymphocytic 
Leukemia (C LL) 

Malignant Lymphoma 

12 

5 

Polyc j<hemia Rubra 
Vera (PRV) 

29 I[ Total 55 

Total 

20  

22 

1 

4 

8 

*One patient had primary hemorrhagic thrombocythemia rather than PRV. 

Hodgkin's disease was originally included in the study but was eliminated 
early because we believed that a larger dose is needed to control the malignant 
process than we could safely Qve to the whole body at one time. The most 
effective modern therapy for  this disease is irradiation of lymphatic tissues, 
sometimes involving large fields, but allowing some heniatopoietic tissue to 
remain unirradiated. The lesions of this disease a re  generally less radio- 
sensitive and less intimately involved in hematopoietic tissue than those that 
can be helped by  total-body irradiation. 

Study Protocol - A uniform study protocol was  devised to collect laboratory 
data on specified days during the six-week study period (Table 3) .  The six- 
week period of data collection w a s  adopted as the most reasonable compromise 
between clinical research objectives and patient's needs; a longer period would 
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Table 2 

Transfusions during 
6 weeks pretreatment 

Radiation No. No. No. 
Dose Patients Patients Trans .  

50 R 13 3 18 

100 R 8 3 15 

The Requirement for Blood Transfusions in Patients with Chronic 
Lymphocytic Leukemia Before and Mer  Radiotherapy with 50 R and 100 R TBI 

Transfusions during 
6 weeks posttreatment 

No. No. 
Patients Trans.  

3 15 

4 31 

have been clinically more desirable, and most of the patients continued under 
our c a r e  and had fur ther  observations. Because of the enormous spread of 
initial blood values, all results were normalized by using the immediate pre- 
treatment values for each patient as 100%. In most instances, this value 
consisted of the average of day minus three  and day zero (pretreatment) counts: 
in a few only day zero values were available. Table 4 gives the ranges and 
geometric means of the Pretreatment data from which the normalized curves 
w e r e  derived. 

Table 3 

Protocol for Blood and Bone-Marrow Sampling Times 
Used in 50 R and 100  R TBI Study for A l l  Patients 

Radiation Day -7 -3 0 +1 +2 +3 +4 +7 +14 +21 t 2 8  +35 4 2  

Bone Marrow X X X 

WBC, RBC, 
Platelets 
Blood Fi lm,  
Hgb.,  Hct. x x x  x x  x x x  X X X X 

Uric Acid x x  X x x x  X X 
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Bone-marrow aspirations were performed according to the protocol 

described; we have decided not to present the findings in the present report .  

Laboratory Methods 

The hematologic studies were perforiiied on venous blood samples using 
well established laboratory methods. The hemoglobin value was determined 
by the cyanmethemoglobin method and hematocrit  percent by the Wintrobe 
method. Leukocytes and erythrocytes were  counted electronically. Platelets 
were enumerated by the method of Brecher  and Cronkite using phase microscopy 
(13). When platelet counts were low, dilutions of 1:20 were used rather  than 
1 : l O O .  The number of small  squares  counted in the chamber was increased to 
10,  25,  or  50 until more than 100 platelets were counted, o r  all platelets in 50 
squares  counted. In determining absolute lymphocyte values for patients with 
PRV, we performed differential counts on 400 leukocytes for greater statist ical  
c onf idenc e. 

The Radiation Facility and Dosimetrv 

The irradiation room, designated the medium-exposure-rate total-body 
irradiator (METBI), was completed in 1959: it is an eight-foot cube, concrete 
shielded, nyith a 335-curie source of cesium-137 in tach of the cight corners .  
A maze connects the treatment room to i t s  control room where a nurse or  
operator i s  in visual contact with the patient by a scr ics  of mir rors .  The 
patient l i es  on an aluminum bed suspended in  the center of a homogenous 
2 s 2 s G foot radiation field. The beams from the cight sources are shaped 
so  that the exposure rate is uniform to uithin f 5% within the treatment volume. 
The exposure rate can be varied by a series of attenuating fi l ters and values  
f rom 0.64 to 1.52 R/min have been used; but most tceatments were given a t  
1.50 R/min. T h s  facilily 11;~s bccn dcscribcd in dckiil Iiy Bruccr (14) and a 
detailed description of the radiation field has been published (15). 

We made two independent dosimetry studies to determine the dose received 
by patients. W e  filled lhrce compartmenttllized phantoms ivith Fricke chemical 
dosimeter and determined spectrophotonietrically the average dose to each of the 
13 compartments. In addition, we measured the midplane isodose lines by an 
ionization probe; details a r e  given by Hayes et al (16). ln the second study, * 
ivith 3. tissue-equivxlent plnstic phantom containing an implanted skeleton and 
density-adjusted lung spaces,  we measured the dose to various organs using 
L iF  thermoluminescent dosimeters in the volumes representative of these organs. 
Except for the bone marrow, the average r a d  response of the dosimeters in an 
organ was defined as  the average organ dose. W e  calculated the marrow dose as 
3 weighted average since this t issue,  located at variable depths beneath the 

* W. L. Beck and T. R. Stokes performed the thermoluminescent dosimetric 
measurements as par t  of our continuing total-body irradiation program. 
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Table 5 

Variations in Xverage Dose to Body Compartments .-kcording to Body Size 

Average Compr tmen t  Dose in R a d s  P e r  100 R 
Compartment Adul t* Adolescent* Child* 

Head 

Neck 

Chest 

Abdomen 

Pelvis 

Arms 

Thighs 

Legs 

Feet  

LVhole Body 

7 8  

76  

63 

66 

65 

7 6  

75 

86 

7 6  

7 0  

81 

83 

66 

69 

70  

78 

78 

88 

78 

74 

79 

84 

70 

7 1  

7 1  

75 

OBSERVATIONS 

. . . .  

I 

1 1 1 4 1 2 5  

81 

7 5  
f -  

i 
L 

Chronic Lymphocytic Leukemia 

During the first six weeks after therapy in 35 patient treatments with either 
50 R o r  100 R,  palpable lymph nodes shrank in 20 and remained unchanged in 12. 

8 

bp 

82 

87 

*Hayes \Vater Phantoms 

surface,  is not placed uniformly in a single, we l l  defined site. The assumed 
marrolv distribution used for the dose estimates w a s  that suggested by R. E. 
Ell is  (17) for a normal man. It is well known that its volume and location varies 
widely in patients with the diseases studied here .  

The  average t issue dose to the total to rso  of a standardized normal adult 
was  estimated by each of the dosimetry studies to be 65 rads/lOO-R exposure 
by  the coinpartmentalized phantom study and 68 rads/100 R by the heterogeneous 
phantom. The minimal bone-marrow dose occurs  in the pelvic region and is 
only 53 rads/100 R. Variations in dose due to difference in body size and con- 
figuration are shown in Table 5 .  Table 6 lists the absorbed dose in various 
organs. 
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Table 6 

i 

Anatomical Organ Doses in Cesium-137 Total-Body Irradiation Facility 

0 r g a l  Total Organ Dose (Rnds/100 R) 

Average Ranges 

Bone Marrow 64 53-86 (137)* 

Cerebel lum 77  i 4 - 5 1  ( 9) 

Cerebrum 75 70-79 ( 21) 

Heart 66 58-'io ( 16) 

Intestines 67 54-76 (107) 

Kidneys 66 62-70 ( 6 )  

Lenses  of Eyes ti7 85-90 ( a )  

Liver 67  ( i l - 7 5  ( 42) 

Lungs 67 5 5 - 7 7  (1s) 

Skin (above sternum) 

Skin (front  waist) 

Spleen 

Stomach 

Thyroid 

*Figures  in parentheses  indicate the number of bodily locations where 
dose ivas measured \\\-it11 LiF dosimeters.  

Of the palpable spleens,  ten were smaller after t reatment ,  seven remained 
unchanged, but palpable, and seven enlarged during the same interval. There  
w a s  no c l ea r  pattern of change in l iver  size.  

c 
r 
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Twelve patients gained weight, 13 l o s t ,  and eight had no change. (The others 
are unrecorded.)  The general  feeling of well-being improved to some degree in 
21 ,  remained unchanged in 1 2 ,  and decreased in two. h'e could not demonstrate 
with any of these  clinical  responses  that the effect of 100 R was greater  than 
that of 50 R ,  although the  small numbers  of patients is a deterrent to comparisons. P 
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Figure 1 shows the WBC responses  of individual patients to 50 R 'and Fig. 2 
those to 100 R. Radiosensitivity differed considerably from patient to patient. 
In both groups of patients (50- and 100-R exposures) there w a s  a subgroup of 
"resistant" patients Lvhose response WJLS sigiiif1c:mtly less pronouncecl, Thcre 
was no trend of climbing toward pretreatment  \ d u e s  by day -12 in either dose 
o r  sensitiL ity subgroup. 

Figure 3 shows the changes in mean blood lymphocb-te numbers following 
50-R and 100-R exposures in the res i s tan t  and sensitive patients. W e  saw no 
statist ically significant differences in the degree of lymphocyte depression 
caused by these two doses .  Although the most  rapid f a l l  occurred in the f i r s t  
week, a nadir w a s  not reached until three o r  four weeks after exposure. 
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F i g .  I .  

CHRONIC LYMPHOCYTIC LEUKEMIA 

50 R M E T 8  I 
RESJSTANT --0- 

SENSITIVE - 

1 
! 

4 

I 1 1  L I I 1 c - 1 -  
14 21 2 8  35 4 2  012  4 7 

D A Y S  

Changes in  the w h i t e  blood l eve l s  i n  15 pa t ien ts  w i t h  chronrc lymphocytic leukemia af ter  

50 R. T h e  leukocyte counts have been normal ized to the ind iv idual  pat ient 's  pretreat- 
ment vo lues.  T w o  geometric means w i t h  the i r  standard errors are shown; one ( so l id  l i n e )  
I S  tho f  for t he  leukocyte l eve l s  i n  t he  I 1  more responsive patients and the other (do t ted  
l i n e )  i s  that for t he  four pat ients  whose course seems more resistant. T h e  two computed 
means (of ter  seven d o y s )  are s t a t i s t i c a l l y  d i f f e ren t  at the 9 5 5  confidence leve l .  
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F i g .  2 .  Changes in the wh i te  blood counts (shown i n  F i g .  I )  c f  19 potrents N l t h  chronic lymphc. 
c y t i c  leukemro after 100 R.  A s  in F i g .  I ,  the two  geometrrc means are those for the 14 

leve l  from the second day onward. 

,, sensi t ive”  and t rve “ res is tont ”  pot rents  and are srgni f rcant ly  dffferent at the 9 5 5  
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The response ol  leukemic lymphocytes to 100 R \vas unrelated to the level 
of the pretreatment  leukocyte counts, nor  did i t  correlate with lymphocyte 
s i ze ,  notching of nuclei, o r  tendency to smudge. The  degree of marrow infil- 
tration a s  judged by histologic examination of marrow aspirated did not tell u s  
why some  patients had ‘‘radioresistant’’ lymphocytes. Furthermore , we found 
no correlat ion betiyeen the lymphocyte response and the clinicai response o r  
length of “remission’’;  eight patients required no other  treatment for seven and 
a half o r  more  months, while nine patients needed additional treatment for 
leukemia shortly af ter  the study period, less than three  months from the 
i r radiat ion.  

I 
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i 

While the leukemic lymphocytes responded s imilar ly  to 50 R and 100 R ,  
L ! 

the effect  of these two doses on the platelet levels differed strikingly as shoivn 
in F igs .  4 and 5 .  These graphs show also that the responses  of patients a i - e n  
50 R vary  m o r e  than those of patients given 100 R ,  suggesting that recovery 
may  be  manifested more variably n.ith the lower dose.  A trend toward recover) 
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is definitely established during the fifth and sixth weeks after exposure. A s  can 
be seen in Fig. 6, the recovery in numbers of circulating platelets after 50 R 
occurs ear l ie r  and more rapidly on the average than after 100 R. The standard 
e r r o r s  of these geometric means a r e  also larger  with thc lower dose indcat ing 
the greater variability of the response to the lower dose. 

Hemoglobin values remained stable in the 1 0  patients not anemic before 
treatment; those that were anemic usually had no r i s e  111 their hemoglobin levels 
or  became more  anemic during the six weeks following irradiation. Ln a few 
patients who had been requiring transfusions before treatment,  the 100-R 
exposure increased the number of transfusions needed while 50 R did not (see 
Table 2) .  

CHRONIC LYMPYOCYTIC LEUKEMIA 

METBl 50 R --- 
100 R - 

SEN9 T IVE 

I 1 1  1 1 1 1 1 

0 1 2 4  7 14 21 28 - 35 42 
D A Y S  

F i g .  3. Chonges in the geometric-meon b lood Iyrnphocyte vo lues  (shown os normol ized percent- 
ages of pretreatment d i f f e ren t i o i  lymphocyte counts}  for the pat ients  w i t h  chronic  lympho- 
cytic leukemia whose chonges in wh i te  blood c e l l  va lues  are shown in F i g s .  I and 2. 
There  i s  no s to t i s t r co l  d i f ference between the  computed meon changes of ter  50-R and 
100-R exposures in either the  "sensi t ive"  or "resistant" groups but the s t a t i s t f c a / l y  
v o l i d  d i f f e rence  between the  meon responses of  the two groups i s  obv ious.  
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Malignant Lymphoma 

This group of 20 patients included five who were given 50 R, two of whom 
subsequently received 100-R treatments. Of the 1 7  patients who received 100 R, r * 
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CHRONIC LYMPHOCYTIC LEUKEMIA 
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- L- 

F i g .  4 .  Changes i n  the ind iv idual  and geometric mean percent of pretreatment p lo te le t  l eve i s  i n  

7S patients w i t h  chronic  lymphocyt ic  leukemia after 50 R .  

five were given a second 100-R treatment.  There were 27 exposures in all. 

During the first six weeks after t reatment  there  was no clear difference 
in clinical responses between the 50-R and 100-R groups. In the 27 t reatments ,  
23 of the 27 patients showed at least some degree of shrinkage of lymph nodes; 
1 7  responded moderately o r  substantially, while in three the nodes remained 
unchanged and in one they enlarged after therapy. In the eight patients with 
palpable spleens, only two spleens definitely regressed,  while five o thers  
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remained large and one was questionably changed. Nine palpable livers re- 
g re s sed  while eight remained unchanged o r  enlarged. T h e r e  w a s  no consistent 
pattern of change in body weight. The subjective general  feeling of well-being 
rc>.m:tined poor or  unchanged in 17 patients, while 10  expressed some aegree 
of improvement. 

Most of these patients had a t  l eas t  a few atypical lymphocytes in the blood, and 
we were unable to separate definitely those that should be considered as having 
a ''leukemic" stage of lymphosarcoma, except for  two \rho had la rger  numbers 
of abnormal cel ls .  These two patients descr ibed in a l a t e r  paragraph responded 

CHRONIC LYMPHOCYTIC LEUKEMIA 

100 R MET81 . 
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Fig. 5. Changes in  the ind iv idual  and geometric mean percent o f  pietreatment platelet l e v e l s  i n  
20 pa t ien ts  w i t h  chronrc lymphocyt ic  leukemia af ter  100 R .  Comparison of the geometric 
means and the i r  standord errors in t h i s  f igure ond in  F i g .  4 shows that the degree o f  
response in the two dosage groups d i f fers  s i g n ~ f i c a n t l y  from 21 days on. F i v e  Ind iv iduol  
pa t i en ts  who received 50 R, however, reacted a s  t he  100-R group, w h i l e  three in the  
100-R group responded s im i la r l y  t o  the  50-R pa t ien ts .  
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CHRONIC LYMPHOCYTIC LEUKEMIA 

1 METBl 
5 0 R  ---- 

IOOR - 

1 
1 1 I L 1 

O' 0;; 4 f 14 21 28 35 42 
D A Y S  

F:g 6. Cornpar,son of t h e  geomet r i c  mean5 for blood p / a t e / e '  'eve;s i i  p z *  en :s  ., chror! c 
T h e  curves b e c o m e  s t o t l s t r c o l l y  d , f i e ren t  o n l y  l y m p h o c y t i c  l e u k e m i a  a f te r  53 and 100 R. 

after 21 days.  

quite differently f r o m  the r e s t  of the group. All the o thers  had pretreatmen: 
leukocyte counts of less than 15, UOO/mm3; the numbers  of lynphoid cel ls  iLertt 
less than 11, OOO/mm3. The subsequent decrease  in lymphocytes was not great 
(the lowest value ivas  out SO',, of pretreatment  level,  reached at seven days).  
In the majori ty  of the patients (11/17) lymphocyte levels  began to recover  from 
this dec rease  by 14 days; this was unlikc the response in CLL. In Fig. 7 the 
geometric means for  the leukocJ-tes of the maln groups of patients \kith malignmt 
lymphoma who received 100 R are plotted, along with one standard e r r o r  of the 
mean. The changes in total leukocJ-tes xfter 100 R in patients \kith malignant 
lymphoma have been graphed in Fig. 7 for comparison with later graphs in this 
study and with those of other investigators who have not differentiated the 
hematologic response of the various white blood cell types. In Fig. 8 the 
sequential changes in lymphocyte counts in  individual patients can be seen 
varying widely. 
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By cont ras t ,  in the two "leukemic" patients mith high numbers of abnormal 
lymphoid cells in the blood before irradiation (16,000 and 26,00O/mm3) these 
cells decreased  profoundly and rapidly af ter  100 R. Their  course  differed 
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f 7 Changes  ir blood Ic -kocy te  va lues  rn 20 potrents wrth molrgnont lymphoma after 700 R .  
T h e  actual WBC counts hove bePn normci tzed to  r i d l ,  z',.JI pretreatment leve ls  ond the 
geometrrc mecr, and i t s  standard error computed on th i s  b a s i s .  

LPBC 
! 

1 

F- 

lu, 

r-- 
! 
i 

I 
Lpy 

L 

considerably from that oi  the other members  of the l p p h o m a  group and 
resembled  more  closely the e s t r e m e  responders  of the chronic lymphocytic 
leukemia groups. (See Figs.  1-3) .  

The platelet values for the 50-R group dropped only slightly on the average 
and varied widely from patient to patient. In the IO@-R group, the platelets 
responded m o r e  consistently; a s t eep  d rop  appeared during the third and fourth 
weeks and reached a nadir of 27% of the pretreatment  values. This curve 
resembles quite closely that of the  patients with chronic ljmphocytic leukemia 
given the same  dose (Fig. 4). All shou.ed a trend to\i.:u-d recovery during thc 
flfth and sixth neeks  (Figs. 4 and 10). Hemoglobin values did not change sig- 
nificantly during the six weeks after i r radiat ion with either 50 R o r  100 R. 
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Hodgkin’s Disease 

Only three  patients Lvith Hodglan’s disease ivere trenteci. One patient who 
received 50 R ear lv  in her dscase failed to respond and  as quickly transferred 
to more  conventional therapeutic regimens.  The second patient, ho receivcd 
100 R,  showed s imilar ly  no benefit, and the third one failed to return after two 
weeks for fur ther  follow-up studies. The platelet and lymphocryte responses for 
the 50-R and 100-R exposure behaved as in patients with other t jpes  of lymphomas. 

MALIGNANT LYMPHOMA 
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14 21 2 8  35 42 0 1 2  4 7 
D A Y S  

F i g .  8.  T h e  changes i n  F i g .  7 ore shown here as changes in  lymphocyte leve ls  computed from 
ind i v idua l  absolute lymphocyte counts before and after exposure. These extremely 
va r iab le  responses of  ind iv idual  pot ients  reduce to a geometric meon not s t a t i s t i c o / / y  
d i f ferent  from that o i  t h e  “ res is tant ”  type of response i n  lymphocyte leve ls  of pat ients  
w i t h  chronic  lymphocyt ic  leukemia treated w i t h  e i ther  50 or lG0 R (see  F , g .  3). i n  
several of these pa t i en ts  total-body i r rad iat ion obv ious l y  resul ted in  iymphocytosis In  

re la t i on  to  pretreatment l e v e l s .  
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Chronic Granulocytic Leukemia 

This  group included eight patients exposed to 50 R and four exposed to 100 R .  
Their  spleens remained palpable and unchanged in s ize  in eight, becnme slightly 
snial ler  in one, Lurid distinctly snialler in one. In tile other tiyo, the spleen was not 
palpable before  o r  after treatment. A definite decrease in l iver  s ize  was recorded 
in only one patient. 
paticnts but unchanged in three and poorer  in one. 

Tiie g-cneral feeling of we l l -he in~  \vas improved in eight 

,.U1 patients had high initial leukocyte counts consisting predominantly of 
mature  gr,ululocytes. Nonpanulocytic elements \\.ere so fen. that the curves  
shoun in Figs .  11 ,and 1 2  c;in be considered as representing chiefly changes i n  
g-ranulocj-tic numbers .  The numbers of leukocytes began :i decrease promptly 
after these  doses xnd the degree of fall indicated a greater radiation sensitivity 
t h m  we see in normal  granulocytes (see Fig. 7).  Fur ther ,  this depression 
usually pe r s i s t ed  longer than would a similar degree of depression produced in 
normal pe r sons  by a higher dose as in radiation accidents. After 50 R the decline 
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in values began promptly, the mean dropping to 55% on day seven, 48% by day 14 ,  
then staying in this range for  the six-week period of observation (Fig. 11). The 
response of the four patients given 100 R (see Fig. 12) was s imi la r  to that IJf the 
50-R g o u p .  but  the  degree of depression was greater:  35% on day 7 ,  21?:, on day 
14* By day 2 1 ,  three of the four patients had granulocyte levels below 2 0 7  of 
pretreatment levels;  one patlent showed a transient partial recovery pattern. 
This suppression pers is ted throughout the 42-day period a t  the end of whlch 
there  was sti l l  a trend toward even lower levels. 
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I 
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The platelets in CGL before treatment were either in the normal range o r  
elevated; in a few instances they were at levels over l,OOO,OOO/rnm3. After 
50-R exposures,  the platelet  counts rose  to a mean level of 136% by day 14  before 
declining to a nadir of 82% on day 28. The means then returned toward the pre- I 
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Fig. TO. P la te le t  r e s ~ o n s e  curve5 rn patrents  with malignant lymphoma exposed to 700 R. The  
heavy so l i d  l i ne  represents  the  geometric means and therr standard errors. T h e  cu rve  
c losely  resembles t ha t  , n  Fig .  6 of chronrc l y r p o o c y t r c  l eukemra  sfter 100 R. 
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CHRONIC GRANULOCYTIC LEUKEMIA 
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F,g .  I I .  Changes  i n  blood ieukocyfe  v a l u e s ,  e x p r e s s e d  i n  t e r F s  of  I r d  VIGIL:: 3 re t rea tn len t  WBC 
The s o r r :  coun ts ,  ot’ ergnt  p a t r e i t s  b r t h  c i i rcn c g r g i u ! o c y t l c  IeLr(emla e r p c s e z  90 5 C  i! 

s o l i d  l i n e  rep resen t ;  the geornetrrc means ana the i r  s tondord  e r ro rs .  

t reatment  range  during the  fifth and six weeks (Fig. 13) ,  but the values ranged 
widely (5370 to 1911.i of pretreatment values). 

The platelets of the group exposed to 100 R a l so  r o s e  during :he f i r s t  two i~eeeks  
but much less conspicuously (Fig.  14). The  subsequent depression followed the 
usual temporal  pattern and reached a nadir of 485; on day 42 ,  This progressive 
decrease which persisted beyond 42 days is present ly  being observed also in our  
ongoing studies with fractionated mcl lou.-dose-rate esposurcs . -1 comparison 
of I I I C ; ~  responscs  for platclets and lcukochtcs a i t c r  50 R and 1UO R is made in 
Fig.  15. 

The percent  response (relative to pre t rea tment  values) of the leukemic 
granulocyte appears  from this graph (Fig. 15) to be  allout a factor of tsvo grea te r  
than that of the platelets. The coniparison here  shoivs that in the occasional 
patients where injury to the platelet system is to be avoided because of borderline 
thronibocjtopenia, a 50-R exposure would offer some therapeutic effcct on gr-anulo- 
cyte numbers  while sparing platelet numbers .  

Mean hemoglobin values were not significantly a l tered during this period of 
study. F igure  16 shows the hemoglobin values for the patients n-ho received 100 R. 
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F , g  I2 .  Chances ' n  blood ' e v i z - y t e  vo lues  ewprezsed i i  t e - r s  o i  i nc#v ,C ,z /  2 re t reo t - c . .  :,ZC 
counts,  oi foLr pa t i en ts  w i t h  chronlc g r m u / o c y !  c leLkern,z exposec to iOG R.  Tne torr; 

solid l i ne  represents the geornetr fc rneors ond therr s tondord errors .  
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f f g .  13 .  Cho7ges in plate le t  va lues  exorcssed in terms o f  i ' l d i v , d u o /  pre f rez ' -e l f  p l i - te le ;  C O ~ ~ ~ ~ S  

T h e  dark  s o l , ~  of e igh t  pot rents  w i t h  chronic  g ranu locy t i c  leukernlo exposed lo 50 R 
l i n e  represents the geornetrtc rneons ond the i r  stondord errors .  
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CHRONIC GRANULOCYTIC LEUUEYIA 
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D A Y S  

F i g .  15. CcTpor l son  o f  the geometr rc  means o f  t h e  l e u k o c y t e  and  p l o f e l e t  v a l u e s  I n  chronrc 
g ranu locy t r c  i eukemla  e x p c s e d  to 50 and 100 R, shown in F i g s .  13 and 14, showrng t h e  
g:czter seqsI'cv t y  o i  the  l e u k o c i t e s  ot' t hese  p o t l e n t s .  i n  comDarrson ' M l t h  the t j r v e s  
for ? / a t e l e t s  ( F i g .  6) i n  ch ro f i l c  l ymphocy t r c  leukern la,  chonges  af ter  50 and 100 R occur  
eor i rer  and ore more ex t reme.  
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P ol vc !-them ia  Rub r 3 I-er 3 and Pr in1 :ir >- Thro mboc y t  hc n3.i a - 
T h s  group included eight pa t i en t - eqosu res  to 100  ?,. Sis  patients had poly- 

cythemia rub ra  vera  (PRV); one received txvo se iu ra t e  trcat1:ielxs (seven 
trwtmcnts) L I ~ C  scvci i~h psticnt h x i  p r imary  throml,oc~.?ho:ii3. 1!i five pxtients 
there  was m improvement in genernl feeling of well-being; in three there  was no 
chmge. Of the 1;tr;c s { J 1 e C l i s ,  thc s i ze  decreased  in three,  increased in one, mnd 
rem:iined unchanged in two. The effects on l iver  s ize  ~:.erc slight and variable.  
In s i x  paticnts 3 s ig i i f icmt  gain in  \\.eight nxs recorded. 

All the PRV patients had initial 1eukocS;te counts above 10,  OOO/mm3. These 
ranged up to 11 ,00U, /n im~ pretreatment .  As is shonn in Fig. 17 ~ leukocyte \ ,dues 
bcg=:m to drop after one \vct.l; and reachcd their  n:Luir :i: the sis-\i.cel; point, con- 
siderably la te r  th'm has been observed in normals o r  in patients with most  other 
d i seases  
toivard normal  was  siow and w a s  prolonged up to six months. The changes in 
absolute lymphocyte values in relat ion to  pretreatment  levels af ter  100 R (Fig. 1s) 
ive1.e more like those ;Lftt'r 100-R accident cases. Typically no return to normal 
ivas seen during the &?-day observation period. 

.As ivith platelet values (see belon.), thc rekirii of the leukocyte le7;el 

Except for  one patient ivith a normal  platelet  count, all had pronounced 
elevated platelet counts ranging f rom 575,000 to l 1  600,000/mm3 before treatment. 
The qualitative platelet responses  to 1 0 0  R were similar to those of accidentally 
i r radiated normal persons and of patients without leukemic diseases in that a 
nadir ~ v x s  reached at about 30 days (Fig. 19),  but  characterist ically the fall in 
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POLYCYTMEYIA VERA c Ix) R METE1 

t 

. 

F . 9 .  17. Changes in blood ieukocyte leve is  i n  e ight  pat ients  wit;. D o ! y c y t h e m i o  rubra vera after 

100 R. T h e  so l id  heavy ! i ne  1s the geometric mean of these  values through the u s u a l  
j 2 - d o y  p c s t i r r d l o t i 3 n  study period; the dot ted l i n e  e x t e , T d s  t h i s  r.ezr !hraugh i e s s  

,- ,r, - L u ~ c r / >  ,r. cbtc:: ic 'd Z G ! U  po!;its z,vcr ; . x  n c n : h s .  
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F i g .  18. Changes in blood lymphocyte va lues in seven pot lents  w i t h  polycythemrc rubra  verc 

T o  improve s t a t / s t r c s ,  400 leukocytes were 
One patient whose bose l l ne  va lues  were bel leved to be 

exposed to 100-R to ta l -body i r rad iat ion 
counted at each da ta  po in t .  
unre l rob le I S  exc luded  from t h r s  f igure. 
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count either did not begin for two weeks o r  was slight until that t ime.  The return 
toward normal,  hoivever was much dclnyed and did not reach pretreatment  levels 
for many months. This  teniporal patterii differs distiiic tly from the rcspvnse of 
accident victinis u hcrc a return to noriiiiil (or CVCII  ;L retmincl c.le\-:itioii) u c c u r s  
Lvithin six weeks. It ~ p p e n r s  that some homeostatic. inuchmism tends to p reven t  
platelet i - d u e s  f roni  returning to nbnormd prett’catmcnt \.slues. F igwe  19 shows 
thc platelet responsc during the usua l  s ix-week study period and for  the follo\ving 
six months. 

Hemoglobin values for this  group were not sigruficantly elevated a t  the 
t ime of treatment;  excessively high platelet and leukocyte values dominated 
their  blood picture.  Evaluation of changes in red  cell  numbers and morphology 
was  complicated by  pretreatment phlebotomies? stage of hsease, a i d  previous 
marrow-depressing t reatments  with 32P o r  di-ugs (only tu.0 of the six were new, 
untreated cases) .  Hemoglobin and hematocrit valucs c h:inged i i t t lc after t rea t -  
ment (Figs. 20 ,  21)  with 100  R .  M’e believe, hou.ever, that this dose suppressed 
the rise that usually ivould Live occurred with therapy. The n i e m  corpuscular  
hemoglobin concentration before treatment was invariably low, due to phlebotomies 
and intestinal bleeding. It did not change in the postirrndiztion period (Fig. 22 ) .  

There  was ;I 12:; decreasc in nuinbcrs of RI3C :rnd 12f,: increase in n i e m  
corpuscular volume that offset one another so  that little or  no change was seen in 
hematocrit values.  Blood volume studies ~ hoivci.cr. ?‘:crc‘ cot donc.  
thc xican corpusca!;u- iitimog1obin concentr;ition cl ic!  n u t  ci ixlhL> si;-niiicmtly 
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F ig .  1 0 .  C h o r g e s  in b l o c d  o l o t e l e f  l e v e l s  in e i g h t  pa t i en ts  -+ t h  , o c i y c y . - e r n i o  rubro  v e r a  expos?.’ 
t o  702 R.  Geomet r , c  ;nean I S  shown on a sol ld  heovy l i n e  io. 42 days  o i  the p r o t o c o l  

arid a s  o b r o k e n  l i n e  n i te r  t ha t  t i m e  w h e n  d a t c  points  w e r e  i e s s  r ig id ly  Gbt-rned. 
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F i g  2 7 .  Changes in hematocrit va lues ( n o t  normal !zcd)  o i  e ight  paticr1t5 , , j * i !  po lycythemia rubra 
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F i g .  22. Changes in  mean corpuscular hemoglobrn concentrat ion of eight  patients w i t h  po l ycy -  
themia rubro v e w  civer the S I X  months a f t s r  700-R exposure. 
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Changes in Uric Acid 

hi all disease categories and both dose groups,  i i 'e  examined serum uric acid 
levels.  After exposure,  the levels changed, as might he expected from previous 
obscn.ntions,  but in t h s  serics of yLtients the changes u-ere, in genera!, small ,  
inconsistent, and of l i t t le  clinical ;.slue. Ln some plxtients ea r ly  increase and 
sui~scijut.nt dt>crease ?'. c':'c' suificjc;-,tl>, i:::.;c to  be :!ccc;,tcc: :is indica:i\.c fl i  tile 
t issue destruction caused by the radiation exposure. 

i 
t 

* In n study of RBC size dstr ibut ion after low-dose-rate total-body i r r ada t ion  
(to be reported elsewhere;  see ORAU Medical Division Research Reports 1968, 
19G9), we have found by electronic measurements of r ed  cel l  s ize  that irradiation 
produces changes in cell volume that are not demonstrated by measurements of 
hemoglobin, hematocrit ,  and cell  nui;ibers/cm3. U-2 are finding that the  erJ;hron 
r e tu rns  to normal  within 120 days in this study only if iron s to re s  have not been 
depleted by phlebotomy or hemorrhage. 

! 
Lpyrc 

?- 
I 

27 

J 

1, 



1' , l , l , ~  7 w 
I 

and the CLL group on only the seventh dny. In other disease cntcqories and 
csl)osul-c' ~ T O : : I ) . ~  110 sCttisiic:LllJ ::iat>d'ic;ilii k s i ; l * i J ,  chL:i);e> b>b ci'c i'o~uii.: ill ~ l i c  ~ I > C . A I  

values from day to day, although some individual patients, even in these groups, 
showed :tltc'r:itioiis that possi1)ly reflcctcd incrcased cc1lul:w clcstruction. On day 
2b folloiving 100 R :I decrease was seen in some discasc categories and in thc 
averaged data for dl, but {vas not found in individud g o u p s  dLi'tcr 50 R. 

Tliesc obscrvatioiis arc compatible ui th  thc view that ciungc in uric acid 
level is a dose-related response that is modified by a t  least  three factors: the 
:in;uiat of !*:idiosei;.sitil-c tissut. ;)rcscnt :\t c x p o s u r ~ :  t ! : ~  rlv;:.ci' of rxl io-  
sensitivity, aid the rate of ur ic  acid production in relation to renal excretory 
capncity. 
might be better elucidated froiii study of total urinary uric acid and other protein- 
rclated excretory products ra ther  than serum levels. 

-\ppr;iisd of radintion-induced perturbations in th i s  inetAolic systern 

DISCUSSION 

This large amount of hematologic data suffers from the usual variabilities 
of inost clinical investigations - \vide r a g e  in  laboratory values, many of them 
unexplained, and the lack of a true control population. The information derived, 
however, is clinically useful and meaningful for radiation biology. The differences 
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in response in different clinical d i so rde r s  ,are of special interest  and give some 
insight into the relative dependence of these d isease  processcs  on eellulrfl' su rv lvd  
and replication. In this h scuss ion  "sensitivity" is used to m e m  simply 2. response 
111 c.c.11 numhcrs Lifter irr:idintion; i t  is not meair to iiii1)ly :~nx slwcii'ic m c c l u n i ~ m  
for d t e r e d  numbers. 

Most of the rapid major a l terat ions in blood values during the six-week post- 
t reatment  period were the result of irradiation. 
requi res  u s  to assume that d l  p e r i p h e r d  blood ce l l  values nould have rcmained 
stationary if no treatment had been given. This steady s ta te  w a s  not a luays  present.  
Ln fact, therapy was often indicated because cer ta in  cellular systems were clian,@ng, 
but the r a t e  of chdnge \\as usually slow in comparison with that induced by ir- 
radiation. Patients with chronic leukemia,  polycS;themia, o r  lymphoma were m 
reasonably good condition and the changes in hematologic status that would have 
occurred in the absence of t reatment  during the ohservation period could be pre- 
dicted u i th  some certainty.  
leukemia were becoming worse  only gradually; white cell  levels and symptoms 
were  increasing slowly, Some with lymphocytic leukemia had falling r e d  cel l  
values that required transfusions.  Pat ients  with polyc>$hcmia Lvere in need of 
t reatment  to die\ late symptoms and to loiver hazardous elevations in platelet 
i-alues.  two had phlebotomies shortly before  irradiation. A r i s e  in r e d  cell  values 
might have been expected had no therapy been given. 

To be  valid,  this statement 

For example, most of the patients u i th  chronic 

Problems of interpreting the quantitative nature  of radmtion-induced hematol- 
. . .  . .  o*.-ic. 5. Y C ~ I ) C ? ~ ~ < C '  >.i\ 'c i't;L':!:iljy I>ee!i r t ' f~ : ; :~ l i~ t*c !  11). ~ ~ L ~ ~ ~ ; i l ~  1' ;::::-. !i-it-.nreLic.:G Lint! 

stochastic mathematical models (113). 
counts are a co1:1l)cjSitf:> oE the effcct of radiation dr;!nag_l;c mci its r e p i r ,  SC! 
variations introduced bg. L t t a  that is pour in  relinliility and numbers.  
theoretical  viewpoint he demonstrates  that an increase  i n  dose  augmcnts thc 
s ~ ~ ~ ~ ~ . ~ ~ !  of' "the rc.;;;oiisc - ~ r o ~ * c ~ s s ' '  :is \\.(.I1 2; the m:nin1uni response itself. He 
lccls, lwivcver, thal large numbcrs  01 palicnts atid ubser\.atiuns do little for 
quantitation of the hematologic response  and that biologic variation in patients 
and i t s  many causes  force the developmcnt of a qualitative ra ther  than a qumti-  
tntivc theory. In attCiqiting this Lisk he sho\vs that thc onset of repa i r  processe.j 
and their  continuance cause the "spread" oC t he  hematologic response d ~ l i a  to 
incre:Lst, ivi t l i  t ime. 
and thus tend to reduce one contributing cause  to variability, especially la ter  in the 
course  of response,  oiic \vould expect that larFer doses  ~vou!cl give more unifor::i 

analysis of the patients with chronic lymphocytic leukemia. where ma..imum 

grea t e r  variability in response (evidence for  greater reparative efforts) occurred 
Ivith the 100-R dose rather  than [vith the 50 R .  Since this greater  reparative effort 
after 100 R rcsultcd in ;i response cur\.c si inilar to that of 50 I!, thcse ohsen  ::;ions 
suggest together that the expected additional cell-damaging response to 100 R \vas 
offset by the repar:ttise processes  st imulated by the 100 R, thus providing mother  
bas i s  f o r  considering the 100-R dose in this  disease urinccessary a s  well as  un- 
desirable .  Furthcr :m:ilj.scs;, bascd on Bergncr's "Thcor!- of Qu:tntitative Rad:::tion- 
Response Time-Data, " or  on other such nnalj-tic:tl models.: are needed in rxdi ,>-  
11 io10 gy 

He points out that all curves  of blood cel l  

From his 

Sinc_l;c lxrge;. cioscc: mure  cffccti\.c.l~; . ) j  ,rL's s YCI)' '  t U l l  ; '. ;)roc t' 5 5C's 

r c ~ p l J l l ~ C s .  This C i i c C t  IS S C C ; ~  in 1 1 l c i ~ t  o f  ULL' ~ ; L L ; L  I J U L  11ut i i l  ;ill \>I i;. Ccl'SiL, ' 5  

~ ' ~ ~ p 0 ~ 1 s c  or i \ l l lphacJtej  to 50 Luld 100 11 MS rile sLlllle, l-c'l;cL~cci u l c h ~ c l . : . C ~ Z .  
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When examined f rom a cytokinetic viewpoint the mechnnisms of the changes 
in blood cell values produccd by the irradiation are ,  o i  course, comples. This 
problem has been well discussed by Math6 (19) iind Bond et :d (20) .  Presumnb!? 
r:tcli:ttir,n-induccd denih of circulating cclls: cannot :ii'C'l.xint for i i ~ ~ c h  of t h c  totLJ 
cffcct (,I thc esposure .  
of abnormd  nunibers of cc l l s  mal; hxvc ii significant txii'c'ct U~)OP.  l'c'ripherai blood 
cell  vdues. 
is undoubtedly interference n i th  ce!l proliferation broiight Libout most likely by a 
radiation-induced decrease  in stem cells.  Therefore .  it n n y  be necessary to 
relate the pat terns  of radiation effects to ;I halnnce between cell  production, 
re lease ,  ''normal'' life span o r  turnover r a t e  for  e a c h  cell  type As it occurs  in the 
various d isease  s t a t e s ,  and cellular radosensi t ivi ty .  T:ible 8 l i s t s  the geometric 
means of the minimum blood v a l u e s  reached during thc six-iveck study period in 
the various d iseases  studied after the 50-R and 100-R doses.  

Alterations in pat terns  of t issue sc>yuc>sirntion and releast. 

The bas is  for most of thc reduction in thc celis of the  blood, !wwever, 

The pat terns  of hen:atologic response to irradation are influenced by the 
dose and also by  the d t e r e d  c>-tokinetic s ta te  in each disease.  \Ye ha\-e attempted, 
as yet, only prel iminary interpretation of our resu l t s  in t h e  light of these factors.  

Lym p hoc .ytes 

Patients  with polycythemia rub ra  ve ra  provided data on the response of me- 
5l l l l l ; lbl~ '  nOl-li l :d ~ ~ I T I ~ ~ ~ O C J , I L S  LO 1;:V n .  .'\3 c.:tl-lF Cki>j i  O C . C L I ~ ' I * C ~ L ~  lj) Clay t':\ 0 LO TG';: 
of pretreatment  levels and a gradual decline continueci to 3:3',.L a t  the end of the 
-12-dny study period, so thnt n.e do not h o u .  thcl p r e c i s ~  t ime \s-hen tl:e lon-est 
l jmphocyte va lues  were reached but this c u r v e  \vas most like that of normal men 
xcc identally irr:idiated. 

3 4 . 9  ( 2 6 . 5  good r e s p o n s e )  2 9 . 7  (19.7 good re sponse )  
( ( i b .3  poor  r e s p o n s e )  ( 5 9 . 5  poor r e sponse )  - .  - I .  - 31 .d . -T3 n: Ly!T ; Y L . 1  1.:. - 

P R\ '  1 6 . 7  
CGL 44.4 i i . 3  

L j m p n o c ) t e s  
c L L  31.9 ( 2 3 . 7  n o d  r e sponse )gG.T  (19.3 good r e sponse )  - 

(66.9 poor response) (60.6 poor response) 
X l d i g J n :  Lym9horn3 59.2 5d .O  
C G L  49.4  4 3 . 5  
P R V  4 4 . 4  - 

Platelets 
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PerhAps the most striking observntion related to radiation sensitivity of 
ljmiphocytcs is theix response iU c-hronic lymphocytic leukcinia to 50 R and i o 0  R. 
The t\vo curves  are  not siqnificnntly different. 
c.!):.::;~ir:il)le :uid thc st:igc of i l lncss i1lC1>- litnit the  intcr1)rct;ition of this f x t  ~ 9~ir 
data suzses t ,  ho\vever, thnt if t he  clinical  obit'ctives c:m bc equated with reduction 
of r,,nig' the lyniphocyte coiint, thc lo\\-cr dosc rr~aj- be preEer:ilile since 5 V  R :Lppears 
to reduce lymphocyte numbers adequately with l e s s  depression of platelets. 
Lqrrpliocjtes in chronic lymphocj-tic leukemia a r e  certainly most sensitive to 
50 R ,  and using the lymphocyte response  data of the patients with PRV (Fig. 18) 
3 s  3 substitute for our lack of normal  control data NT can say that those with 
1eukenii:i are  almost three t imes  as sensit ive.  A comparison with the lympho- 
cl-te counts of the 3Iarsh:dlese no rma l s  on Rongerik Island (Group III) who were 
estimated to have been e-sposed to  78  R (21) also sho\vs that lymphocytes of normal  
people are less sensitive than those patients with lymphocytic leukemia. 

The tnro ser ies  \yere not entirely 

k l i r e k  (22 )  has reported that some patients with chronic lymphocytic 
leukemia have radioresis tant  lymphocytes. In our  study (Figs. 1, 2 ,  3) several  
of the patients given 50 R or  100 R showed a significantly decreased response,  
in contrast  \vith the cominon pattern of ,L drop to j U ' L  or  less of i n i t i d  values 
in four o r  seven days.  \Ye have been unable to discern any clear-cut clinical o r  
hematologic correlat ions with this  nonresponsiveness. In some of these patients 
the res i s tance  of the lvniphocytes i s  actually n e a t e r  (compare Fiy.  3 with Fig. 
1 ., : i : c L t i  t h t  oi thosc. in  PRV (consictcrtd to bc  "normxl"), 

On the other hnnd, tu'@ cnses of ''leukemic" lymphosnrcoma shoived inordinately 
5en:iiii.e lyniphocj-tes ii ilIi LUI ~ ~ 1 3 ;  precipituus drui'  to i 0 5  o l  tilt. prc;rcatiiicnt 
values (Fig. 9) .  The  remainder  of the patients with malignant lg-nipnoma had 

polycythemia and 'must be considered more  resistlint th::r! norn::L. 
..vhc.:hc,r the  nunibers of circul:?; i n s  1~ixphos:mcoma cel ls  in the peripheral  blood 
of  these patients before t reatment  might be  related to rndioscnsitivity, but when 
the y, .ducs ii'ere graphed after sor t ing the patients into two groups (those ivitii 
l j ~ ~ ? n o c y t e  counts d)o\-c 4 .  OW/'mm3, and those ivith counts l e s s  than this level) 

e r ences  in response could be detected. \$-e found no c lear  relation b e t n w n  
ir i  the initi:ii l jmphocj tc  COUK in CLL m d  thc subsequent ;)crceiitage iall 

L b c > i o ! i s  (1: :UP xican l b m p ! i o c j - t c '  ..-:ilues that were less than the response in 
. . .  
'..$. '.., I , I ~ C ~ ~  i>c,Q 

ni th  therapy. There  is 3 slight suggestion that when the initial counts a r e  low a 
Sol??t?\i.h:it c sqge r ; i t cd  rcsponsc m2j- lic xnticipntcd. In zeneral .  ho:\.e:-cr, froni 
~1 cimic;Ll \ieu-point, one cannot prescr ibe  the amount 01 treatmeilt needed on the 
hacis of the heiyht of the initial count. 

Gr:inuloc >$e s 

Granulocytes in chronic granulocytic leukemia begin to drop promptly and 
appear to be more  sensit ive to  radiation than in other patients and in normal 
m m .  Mean v d u e s  after 50 R can be superimposed on the responses  of lympho- 
cytes in lymphocytic leukemia even though we are comparing different cell types. 
However, the degree of change in granulocytic leukemia is related to  the initial 
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tvhite cel l  l eve l ,  a relation that does not esist for  lymphocytic leukemia*. AS 
Iloted earlier, leukocyte \ . d u e s  viere clevated in patients L i t h  polycythemia rubra  
i'Cr;i before  t reatment ,  in  somc inst:mcc\s to n moderntel- pronounced degrcw. 
The. drop  ,2f;c'r 100 R 1::::s IC.<> ;~recipitcxis in PI tY  i!I:LIi in paticfit'; \:.ith chronic 
yranulcwytic leukemia, x i th  3 mild decrecrse dur in~  thc f i r s t  two iveeks continuing 
L O  :t n:iciir on day 42  i n  contr:tst to the rcspmsc CS!)CL'tCd in normnl persons.  This 
depression f rom pretreatment \ -dues  pers i s ted  fo r  a nuiiiber of months, although 
thc pattern of c l imb touxrd pretreatment v d u e s  vriried considerably. 

Platelets  

Platelets  usually reach their lowest level between the 21st and 35th days. 
In everv  group, responses  to 100  R were significantly greater than to 50 R ,  
and the i e  was l i t t le overlap: 50 R produced l i t t le change in the patients with 
1 ~ n i  ph o 111 a ,  1 jin phoc ytic 1 e u ice m 1 a, and i v i  t h chronic gr anul oc j-t ic 1 cu kem i a. 
Indii-idual var ia t ions Lvere rather  pronounced. Pat ients  n i th  polycythemia 
r u b r a  ve ra  who usually have moderate o r  high platelet values were not rebounding 
toward normal  by the end of the six-week study period but had leveled off, re- 
n iah ing  for  ~ i a i i y  \ ieeks or months at  valucis coiisidL*r:hlj- b e l ~ ~  the pretreatment 
ones (Fig. 16). 
indicates tha t  3 new cellular steady state has been achieved either through the 
establishment of normal honicostatic mechanisms or  denletion of stem cel ls  to 
i i m  itin: lei t . 1 ~  ol ccl! .irod;:c:ion. 

This desirable effect f rom the point of view of therapy perhaps 

Eight--nine t reatments  of total-body irradiation n.ere given in single esposures 
of 50 R and 100 R at 1.5 R/min to  patients with lymphoma, chronic leukemia, 
O Y  i ) ( ~ l ~ : ~ ~ ~ ? ~ I ~ ~ ~ ~ i : ~  rul~r:: $:C:I-:I _. The clinical 'md hematologic responses during a 
4z-day siitcij. perioci WCL-C malyzed according to disease and dose: not unexpectedly 
the therapeutic responses  varied.  In lymphoproliferative disorders measurable 
clinical  be:;tlit did not depend solely on the radiation dose; the majority showed 
some shrinkage of enl'arged lymph nodes, I iver,  o r  spleen, but the larger  dose \vas 
not proportionally more effective in all cellular sys tems.  Many required additional 
rIier.:ipj. i r i t i - - ~  tfu'ce n;onths hut this \vas nc;t surpr is ing i n  ;.ie;:. of our use of only 
a single exposure.  In granulocytic leukemia,  improvement occurred in more than 
hxlf of the pntients. For polyc~thcmirr, the  most clinically beneficial response 
:ip;ic:cLd t : . ~  be ;L Licclinc of thc  i!:ingt.rouslj- c1ev:iied pl2telct  counts to nio1.c normj l  
levels that  w e r e  maintained for many weeks or months. 

The hematologic responses  to 100 R usually but not invariably exceeded those 
to 50 R. A notable exception was the lymphocyte response  of CLL in which the 
meLm values of the responses  of two groups were  statist ically the same,  In 
general  the abnormal  proliferating blood elements did not return to pretreatment 

I 

L 

-* This analysis is to be the subject of a separa te  repor t  by J. Yuhas (OWL) ,  
C .  C .  Lushbaugh, and T. Stokes (ORAU). 
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The detailed graphs oi' blood cel l  values, together Lv i th  their  geometric 
means for ench disease imd esposwc group form :L useful reference for radio- 
biologic comparison n%th pattcrns in norrnrd persons :iccidcntnlly esposcci, and 
re la te  the radiosensiti\.ity of the various hlood cell lines in the d.~scases studied. 

The graphs also shou the most probable o r  predictdile response of the 
average patient with these diseases for 42 days after 50-R and 100-R esposure.  
providing a temporrrl coiirsc' for corninring the re1:itive e f fec t ivencs~  of s i m i l s  
total exposures of radiation given in small  daily fractions nt high or low dose 
rates. Such a comparntive study of dose-rate effcets upon therapeutic cffective- 
n e s s  is in progress .  
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