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I. Persons  i n  Charge: L. E. F a r r ,  M.D. 

PROPASAL AND AUWOkIZ.ATION " ' 

RESEARCH Ok DEVELOPMENT 

11. S t a r t i n g  Date: ' 

Continuing 
I 

SUlMARY 

The considered long  range plan of  e f f o r t  by the Medical Department i s  an i n -  
tegrated program of l a b o r a t o r y  and exper imenta l  medical  s c i e n c e  and o f  t h e r n p e u t i c  
md d i a g n o s t i c  c l i n i c a l  a p p l i c a t i o n .  
those p o r t i o n s  of t h e  program for  which unusual  c a p a b i l i t i e s  exist i n  the s t a f f  a t  
tha t  t i m e  or f o r  w h i c h  most promising l e a d s  have been developed. 
studies and minor t e s t i n g  not  s p e c i f i c a l l y  mentioned are planned f o r  a l l  y e a r s  t o  
va l ida te  t h e o r e t i c a l  hypotheses  or e x p l o i t  ins t rumenta t ion  developments. S i g n i f i -  
:ant accomplishments w i l i  be shown i n  l i s t e d  p u b l i c a t i o n s .  
!ewer requirements  w i l l  be those author ized  and plannee f o r  by t h e  o r d e r l y  expcn- 
s ion  of  t h e  Medical Department t o  i t s  f i n a l  size now expected t o  be reached about  
f iscal  1960. 

I n  any given year t h e  emphasis w i l l  be i n  

Bxplanatory 

T o t a l  u l t i m a t e  man- 

GENNERhL PROGRAM 

The a p p l i c a t i o n  o f  s h o r t  l i v e d  r a d i o a c t i v e  i s o t o p e s  t o  d i a g n o s i s ,  therapy  and 
the  s tudy  of b i o l o g i c a l  e f f e c t s  of r a d i a t i o n  o f  c e l l u l a r  and microsomal .  dimensions 

6120 

6120-1 

6120-2 

I. Laboratory and experimental  medical  s c i e n c e  - The b i o l o g i c a l  e f f e c t s  
of r a d i a t i o n  of cellular and microsomal d h c n s i o n s .  

A. The product ion  of  r a d i a t i o n  o f  e e s i r e d  chzracter. Pagc 6000-5 

1. Neutron capture  r e a c t i o n  t o  roduce heavy par t -  
i a l e  r a d i a t i o n ,  i.e. Lib ,  8, u235. 

2. Neutron Gapture r e a c t i o n  t o  ptcduce beta par t -  
i c l e  r a d i a t i o n .  

3. S e l e c t i o n  and product ion o f  o t h e r  s u i t a b l e  
r a d i o a c t i v e  i s o t o p e s .  

B. Contro l  of r a d i a t i o n  d i s t r i b u t i o n  i n  n m a l i a n  Page 6000-7 
organisms. 

1. Transpor t  mechanisms, s p e c i f i c .  I 

a. Chemical - p r o t e i n ,  f a t ,  carbohydrate ,  minera l ,  

b. Enzymological. 
c. P h y s i c a l  - c o l l o i d :  s i z e  and charge. 
d. I m u n o l o g i c a l .  
e. Other  as r e g i o n a l  a p p l i c a t i o n  w i t h  loca 

hormone 

g i c a l  c o n t r o l ,  i r e .  a s c i t e s .  

2. Transpor t  mechanisms, non-specif ic .  

a. Body compartnent water. 
b. D i f f e r e n t i a l  s o l u b i l i t y  - as l&$& ? . 

3. Radio logica l  c o n t r o l ,  Dosinetry.  

a. H a l f - l i f e .  
b. Decay scheme. 
C. Enerey o f  r a d i a t i o n  and components. 

----L- I-+\ 
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. 
P r o j e c t  T i t l e :  Medica ' esearch  - Summary ! 
:7. Operat ing Costs  Est imated Es t imated  Est imated Estimated 

1957 1958 1959-A 1959-A+B. 

T o t a l  Cost  $1,685,000 $2,142,000 $2,07a,ooo 62,375,000 

18. Cost  of P l a n t  & Equipment D i r e c t l y  Required 
(shown here  f o r  in format ion  only)  

Estimated Est imated Est imated Estimeted - - 
1959-h+B 1957 1958 1959-h 

(A) Const ruc t ion  - .  -- . c- -- 

(B) Equipment 

19. D i r e c t  Man Power Est imated Es t imated  Bstimhted Est imated 
1957 ' 1958 1959-h 1959-h+B 

No. of Man Years 
S c i e n t i s t s  8 Engineers  37.0 3905 35.5 43.5 
Technica l  8990 95 .o 92.0 102.0 

(P igures  i n  parentheses  represent  a d d i t i o n a l  s c i e n t i f i c  Ihan-years c o n t r i b u t e d  
by unpaid g u e s t s )  . -  

!O. Comments 

: BOXNO. 

FOLDER 
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P r o j e c t  T i t l e :  i8iedicL l e s e a r c l i  

6120-3 C. E f f e c t s  of r a d i a t i o n .  Page 6000- 11 

1. E f f e c t s  on v i a b i l i t y .  
2. E f f e c t s  on s p e c i f i c  c h s n i c z l  and enzyme systems. 
3. E f f e c t s  compared w i t h  r e g i o n a l  p e n e t r a t i n g  r a d i a t i o n .  

11. Therapeut ic  and Diagnos t ic  C l i n i c a l  Appl ica t ion .  

6310 A .  Therapeus is  of  Cancer. Page 6000-13 

1. Glioblastoma m u l t i f o r n e .  
2. Hepatoma and h e p a t i c  metas tases .  
3. Other m e t a s t a t i c  c2ncers .  

6320 8. Diagnost ic  I m p l i c a t i o n s .  

1. Cardiovascular  system, 
2 .  Renal system. 
3. Heuro logica l  system. 
4. 
5 .  G a s t r o - i n t e s t i n a l  systems. 
6. Integument. 
7. Endocrine s y s t c m .  

ltluscular and skeletal  s y s t e m s ? O x  No 

FOLDER 

- - 
I n  1952 the  d e f i n i t i v e  p lan  f o r  t h e  u l t i m a t e  s t a f f i n g  of  the  Medical Depart- 

Rent was presented and approved i n  p r i n c i p l e .  Since that time a d d i t i o n s  t o  t h c  
s t a f f  have been made i n  f u l f i l l m e n t  of t h a t  plan.  I n  1952 t h e r e  were four  scicn-  
tists on the  Senior  S t a f f .  By June 30, 1956, t h e  Senior  S t a f f  had increased  t o  
13 and dur ing  f i s c a l  1957, t o  15.  
year 1956 i t  was 32 and by t h e  end o f  f i s c a l  year  1957 i t  i s  expected t o  be 33. 
The i n c r e a s e  i n  s t a f f  to  f i n a l  s i z e  should be as r a p i d  as p o s s i b l e  t h a t  t h e  poten- 
t i a l i t i e s  of t h e  new medical  c e n t e r  may be promptly r e a l i z e d .  
f a c i l i t i e s  provided by t h e  new b u i l d i n g  lend  s i g n i f i c a n t  energy t o  t h e  provis ions  
o f  t e c h n i c a l  a s s i s t a n c e  and equipment r e q u i r e d  t o  main ta in  t h e  momentum achieved 
i n  the  r e s e a r c h  program. By d i n t  o f  cons tan t  s c r u t i n y  i t  is  p o s s i b l e  now t o  make 
r e a l i s t i c  e s t i m a t e s  of  c a p i t a l  equipnent  considered most u s e f u l  i n  t h e  propam. 

I n  1952 t h e  t o t a l  s t a f f  was 19,  a t  end of  f i s c a l  

The a d d i t i o n a l  

The p a r t i c i p a t i o n  i n  work a t  the l a b o r a t o r y  by s c i e n t i s t s  from u n i v e r s i t i e s  
and teaching  h o s p i t a l s  cont inues as  a most promising a s p e c t  o f  the Brookhaven pro- 
gram i n  medicine. I n  1952, e l e v e n  medical  s c i e n t i s t s  p a r t i c i p a t e d  f o r  varying 
l e n g t h s  of time i n  the  c o l l a b o r a t i v e  program, 
inc luded  42 research  collaborators,guests,consultants and s t u d e n t s  and w i l l  pro- 
bably reach 48 by t h e  end of  f i s c a l  1957. 
t h e  new bui ld ing  s i n c e  norc s c i e n t i s t s  can be acccnmodated f o r  longer  per iods  Of 
time. The i n c r e a s i n e  r e q u e s t s  f o r  appointment t o  t h i s  medical  department both as  
r e g u l a r  s t a f f  members and as research  c o l l a b o r a t o r s  i n d i c a t e s  s t r o n g l y  t h a t  t h e  
Brookhaven program i s  f i l l i n g  a need of  u n i v e r s i t i e s  and teaching  h o s p i t a l s  both 
f o r  f u l l y  q u a l i f i e d  i n d i v i d u a l s  and f o r  o p p o r t u n i t i e s  f o r  r e s e a r c h  experience i n  
t h e  f i e l d  of atomic medicine. 

By March of f i s c a l  1957 t h i s  program 

T h i s  program w i l l  be more e f f e c t i v e  w i t h  

The Medical Department h a s  now developed i t s  program i n  o u t l i n e .  During 1958 
there should l o g i c a l l y  be a n  i n c r e a s e  i n  i n t e n s i t y  of  work on most of  the b a s i c  
d i v i s i o n s  of i n v e s t i g a t i o n  p a r t i c u l a r l y  t h e  fol lowing:  1) Neutron capture  therapy  
and RBE s t u d i e s  of heavy p a r t i c l e s .  2 )  t h e  s tudy  of k i n e t i c s  o f  d i s t r i b u t i o n  of 
meta ls  as pioneered by work i n  bln5&; 3 )  t h e  a p p l i c a t i o n  of mathematics t o  descr ip-  
t i o n  of k i n e t i c s  o f  d i s t r i b u t i o n  f o r  f u r t h e r  development of tracer theory  with i t s  
manifold immediate a p p l i c a t i o n s  such as capac i ty  t o  a l te r  f i x a t i o n  or  t o  remove 
f i x e d  i s o t o p e s ;  4)  the usefu lness  of  s h o r t  l i v e d  i s o t o p e s  i n  cancer therapy;  5 )  
t h e  e f f e c t s  of r a d i a t i o n  a s  a carcinogen3.t and mutagenic a g e n t  wi th  development of 
b e t t e r  methods of determining whole body burdens and t h e i r  r e l a t i o n  t o  f a l l o u t ;  6 )  
t h e  e f f e c t s  of r a d i a t i o n  on hematopoiet ic  tissue and methods for prevent ion  or 
amel iora t ion ;  7)  i n t e n s i v e  s tudy of  s p e c i f i c  metabol ic  r e a c t i o n s  both  for placement 
of  r a d i o a c t i v e  i s o t o p e s  and f o r  unders tandin3  and c o n t r o l  of  mechanisms involved 
t h e r e i n ;  E> t h e  e f f e c t s  of  r n d i a t i o n  cn product ion  of a n t i b o d i e s  and a l l e r g i e s .  

T h i s  l i s t  could be extended u s e f u l l y  but  i t  may be more d e s i r a b l e  t o  summzrize 
t h e  e f f o r t  t o  two main a reas :  1) The b i o l o g i c a l  e f f e c t s  and medical i m p l i c a t i o n  
of  r a d i a t i o n  exposure; 2) the  e f f e c t  of  development of  r e a c t o r s  on medical  concepts  
of t h e i r  use and hazards .  The o r i g i n a l l y  requested i n c r e a s e  i n  s t z f f  was t o  aug- 
ment and i n t e n s i f y  t h e  e f f o r t  i n  t h e s e  two a r e a s .  The importance of t h e  f i r s t  i s  
c u r r e n t l y  exemplif ied by t h e  p r e s e n t  cont roversy  on t h e  e f f e c t s  of f a l l o u t .  
o r  two s u i t a b l e  whole body counters  and a d d i t i o n a l  animal  f a c i l i t i e s  would have 

One 

(See c o n t i n u a t i o n  s h e e t )  
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P r o j e c t  T i t l e :  Medica; . .esearch 

enzblcd the  increased  s t a f f  p roduct ive ly  t o  work on this problem. 
of  t h e  s c c m d  problem regarding r e a c t o r s  is pointed up by t h e  number of  r e a c t o r s  
b u i l t ,  b u i l d i n g  or planned for the  United S t a t e s  2nd t h e  world. Sone & d i t i o n a l  
i n s t r u n e n t a t i o n  and opera t ing  personnel  a z e i n  could p r o f i t a b l y  bui ld  on t h e  present  
s o l i d  foundat ion.  The c o s t  increment while  s i g n i f i c a n t  in terms o f  p r e s e n t  budget 
i s  very smal l  i n  terms of  expendi tures  making t h e s e  s t u d i e s  of importance. FY 195s 
a s  presented  i n  t h e  A + B Budget would normally s e e  f u r t h e r  i n t e n s i f i c a t i o n  of 
t h e s e  a r e a s  of primary e f f o r t  r a t h e r  than extension.  

The importance 

BOX No. 

FOLOER 
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1. P r o j e c t  T i t l e :  
The B i o l o g i c a l  E f f e c t s  of i i ad ia t ion  o f  C e l l u l a r  and 
Microsomal Dimensions 

S u b-A c t i v i  t y 
No. 

2. Date: 

A p r i l  1957 

P r o j e c t  T i t l e  - 

3. Budget h c t i v i t y  
No: 6120 

6120 -3 -Froduction o f  i t ad ia t ion  o f  Desired Charac te r  

4. Budget Item 5 .  C o n t r a c t o r ' s  6. Method and Time of  R e p o r t i n t  
No: Summary No: Crobress:  Q u a r t e r l y  S p e c i a l  

Reports  

6120 - 2 

7 .  C o n t r a c t o r :  h s s o c i a t e d  U n i v e r s i t i e s ,  Inc. 
Brookhaven Nat iona l  Laboratory 

Cont ro l  of Radia t ion  D i s t r i b u t i o n  i n  
Mammalian Organism 

8. Working Locntion: 9. C o n t r a c t  No: 
Upton, New York AT-30-24EN-16 

6120 - 3 E f f e c t s  o f  Radia t ion  

10. Persons  in Charge: L. E. Par r  

Page No. 

6000 - 5 

6000 - 7 

11. S t a r t i n g  Date: 

Cont inuing 

6000 - 11 

~ ~~ ~~ 
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IROPOSAL AMD AUTHORIZHTION 
iOR RESEuRCd OR DEVELOPMENT 

. P r o j e c t  T i t l e :  
Product ion of Radiat ion of Desired Character  

NYQ-149 

2. Dater 
A p r i l  1957 

. Budget A c t i v i t y  
NO: 6120-1 

' 1. Neutron cptu e r e a c t i o n  t o  produce heavy p a r t i c l e  r a d i a t i o n ,  i.e. 
u t i l i z a t i o n  of L i  t , d, u235, 

S t u d i e s  ore  being cont inuously engazed i n  t o  determine the  range of 
p e r t i c l e  d i s t r i b u t i o n  from source atom w i t h i n  mama1i.m t i s s u e .  
c lude  a t t e n u a t i o n  oftermnl neutron f l u x  with depth ,  u t i l i z a t i o n  of ep i thermal  
neut rons  t o  provide t i s s u e  thermnl iza t ion  and d e t e r d n n t i o n  of r e l o t i v e  b i o l o g i c a l  
e f f e c t i v e n e s s  of p a r t i c l e  r n d i z t i o n  produced i n  comparison VJith a s tandard  gamma 
rzy  exposure, . 

These s t u d i e s  i n -  

2. Neutron c a p t u r e  r e a c t i o n s  t o  produce beta p a r t i c l e  rndia t ion .  

4. Budget Item 5. C o n t r a c t o r ' s  6, Method and Time o f  Reporting 
No: No : Progress:  Q u a r t e r l y  8i S p e c i a l  

Reports  

A t  proper  s t a g e  of development of t he  heavy p a r t i c l e  r a d i a t i o n  s tudy  it i s  
planned t o  embark on s t u d i e s  t o  determine e f f e c t i v e n e s s  of neutron c a p t u r e  proce- 
dure  f o r  l o c a l i z e d  b e t a  i r r d i c t i o n  when s u i t a b l e  t a r g e t  e lements  are used. 
S e l e c t i o n  w i l l  encompass t h e  product ion  of beta p a r t i c l e s  of varying e n e r g i e s  tQ 
determine accuracy of t a r q e  p r e d i c t i o n  i n  mmmalian t i s sue .  C r i t i c a l i t y  of c r o s s  
s e c t i o n  c a p t u r e  p r o p e r t i e s  i n  r e l a t i o n  t o  M o l o g i c i d  s p e c i f i c i t y  w i l l  be i n v e s t i -  
gcted.  
wi th  R s t m d a r d  g m a  ray  exposure. 

i l e l a t ive  b i o l o g i c a l  e f f e c t i v e n e s s  of r a d i a t i o n  produced w i l l  be compared 

I .  Cont rac tor :  Associated U n i v e r s i t i e s ,  Inc.  
Brookhven Nat iona l  Laboratory 

3. S e l e c t i o n  and product ion i n  uszble  state of o ther  s u i t n b l e  r a d i o a c t i v e  
i s o t o p e s .  

Product ion of s h o r t  l i v c d  i s o t o p e s  p r e f e r a b l y  w i t h  a lpha  o r  b e t a  emission 
s u i t e b l y  p u r i f i e d  f o r  b i o l o g i c a l  use i s  being c a r r i e d  out. 
i n  l o c a l i z e d  s i t e s  i s  k i n e  compared ivhen d i f f e r i n g  t r a n s p o r t  mechanisms a r e  used. 
Resul t ing  r a d i a t i o n  e f f e c t s  a r e  being c m p a r e d  wi th  i n  s i t u  heavy p a r t i c l e  and beta 
p a r t i c l e  product ion  and same w i l l  be compared wi th  s tandard  gamma r a y  exposure t o  
determine r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s .  

13. Rela ted  P r o j e c t s :  

E f f e c t s  of t a l i a t i o n  

See genera l  s ta tement  of integr.-.ted Kedical  Department program. 

8, Working Location: 9. C o n t r a c t  NO: 
Upton, New York AT-30-2-GEN-16 

14. S t a t u s  as of Apr i l  19571 

0. Persons i n  Charge: L, E, P a r r ,  M.D. 
firs. Bond, Robertson, S t i c k l e y ,  Mnxfield 

Use of t h e  nuc leer  r e a c t o r  f o r  neutron c a p t u r e  therapy of cancer  
P a r r ,  L.E., Robcrtson, J.S. ~d S t i c k l e y ,  E. 
I n t l .  Conf , on Peaceful  Uses of Atomic Energy, Geneva,'July 1955 

11, S t a r t i n g  Date: Continuing 

The e f f e c t s  of s i c k l i n g  on i o n  t ranspor t .  
t r a n s p o r t .  

I. E f f e c t  of s i c k l i n g  on p o t a s s i m  

Tosteson, D.C., Carlsen,  E. and Dunham, E.T. 
J. Gen, ?hysiol .  39, 31-53 (Sept  20, 1955) A 

The e f f e c t s  of s i c k l i n g  on i o n  t r a n s p o r t .  11, E 
and cesium t renspor t .  

Tosteson, D.C. 
J. Gen, Zhysiol.  39, 55-67 (Sept  20, 195oLLECTI 

The proposed Brookhc.vcn medical r e s e a r c h  r e a M W  
Robertson, J.S., S t i c k l e y ,  E., Bond, V.3. and 
Nucleonics z : l Z ,  64-68 (December 1955) FOLDER 

( see  c o n t i n u a t i o  __.--.--.-- 
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14. S t e t u s  es of A p r i l  1957: (cont inued)  

Radioisotope Development: Europium-1SS 
Robertson, J.S. 2nd St raub ,  R. 

C a l i b r a t i o n  of I r r a d i a t i o n  Sources 
S t i c k l c y ,  E.E, 

I s o t o p e  S t m d a r d s  Comparator 
Weller ,  R.I. 

15. 

b r i e f  i n v e s t i g - t i o n s  w i l l  be c e r r i e d  out  on Li6 ,and U 
o r a t i v e  p a r t i c i p a t i o n ,  

Progrm f o r  FY 1958 and PY 1959: 

1. rh i l e  t h e  mcjor e f f o r t  w i l l  remain on E'', n ~ 3 ~ a n p o w e r  end equipment permit 
p a r t i c u l z r l y  w i t h  co l lab-  

2. It  is n o t  n n t i c i p n t e d  t h a t  t h i s  w i l l  be a s i g n i f i c a n t  p a r t  of  t h e  e f f o r t  

E f f o r t s  t o  cont inue  development of u s e f y i  r e d i o r c t i v e  i s o t o p e s  among those  
s t u d i e s  w i l l  p rogress  a t  p r e s e n t  

U t i l i z a t i o n  w i l l  depend on capac i ty  of o t h e r  BNL u n i t s  t o  f o r n i s t  

of t h e  depertment  i n  f i s c a l  1958. 

3. 
not now i n  medical  use  w i l l  Continue. 
rate t o g e t h e r  w i t h  o t h e r  manganese i s o t o p e s  as MnngtneseS4 ond s e v e r a l  s h o r t  l i v e d  
i s o t o p e s  of Zinc. 
mater ia l  An r e q u i s i k p u r i t y .  
being explored and will cont inue t o  bc w i t h  p a r t i c u l a r  r e f e r e n c e  t o  s u i t a b i l i t y  of 
t h i s  procedure t o  t r a c e  metd  study. Both r e n c t o r  a d  p a r t i c l e  e c c e l e r a t o r  a c t i v a -  
t i o n  a r e  bcing used and e f f o r t s  a r e  under way t o  dctcrmine t h e  most e f f i c i e n t  
procedures t o  fo l low i n  order  that  one or s e v c r a l  components of a complex mixture  
C M  be n c t i v a t e d  while  o t h e r  components of lzrcer c o n c e n t r a t i o n  but n o t  of immediate 
i n t e r e s t  2re s u b j e c t e d  t o  procedures  suppress ing  t h e i r  a c t i v a t i o n .  

MMganeSe 

The many p o s s i b i l i t i e s  of a c t i v a t i o n  a n a l y s i s  are 
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12. Background: 

1. Transport  mechanisms, s p e c i f i c  

11. S t a r t i n e  Date: I 

Continuing 

a. Chemical 

T o  u t i l i z e s p e c i f i c  chemical r e a c t i o n s  o r  s e r i e s  of r e a c t i o n s  to  p lace  
r a d i o a c t i v e  i s o t o p e s  i n  body systems such  a s  mal ignancies ,  i t  is  necessary 
to  know the  var ious metabol ic  pathways, t he  primary sources  and f i n a l  end 
products  of metabolism. 
p r o t e i n s  l i p i d s ,  and carbohydrates  a s  w e l l  a s  a l l  r e a c t i o n s  i n  *ich t h e s e  
substances o r  t h e i r  products  p a r t i c i p a t e  and their r e l a t i o n  t o  mineral  
metabolism. 
The e f f e c t s  o r  non-effects  of r a d i o a c t i v e  m a t o r i a l s  e n t e r i n g  t h e s e  metabol ic  
pathways mus t  c l e a r l y  be demonstrated. 

This involves  s tud ies  of chemical  s t r u c t u r e  of 

Fur ther  hormonal i n f l u e n c e s  m u s t  be s p e c i f i c a l l y  understood. 

Continuing work is being c a r r i e d  on i n  p r o t e i n  s t r u c t u r e ,  l ipo-pro te in  
complexing, f a t  metabolism and carbohydrate  metabolism us ing  c l a s s i c a l  
methods as w e l l  a s  s u i t a b l e  t r a c e r  procedures.  D i s t r i b u t i o n  of mineral  
elements is being  s t u d i e d  and r e s u l t s  sugges t  t h r e e  main f a c t o r s  -- those 
elements whose d i s t r i b u t i o n  is determined s o l e l y  by the  element i t s e l f ,  
i .e. sodium; elements  whose d i s t r i b u t i o n  fol lows body w a t e r ,  i.e. boron; 
elements whose d i s t r i b u t i o n  may be condi t ioned by accompanying ion of 
oppos i te  charge,  i.e. manganese, 

b. Enzymelogical 

Cont ro l  of rates of energy r e l e a s e  i n  mammnlian physiology i s  l a r E e l y  

The f u l l  e x t e n t  of enzyme c o n t r o l  
c o n t r o l l e d  by a complex system of enzymes. 
leads  t o  varying degrees  of d i s a b i l i t y .  
m u s t  be e l u c i d a t e d ,  t he  e f f e c t s  of r a d i a t i o n  upon enzymes themselves a s  well 
as u t i l i z a t i o n  of enzyme s u b s t r a t e s  f o r  s p e c i f i c  p l a c i n g  of r a d i o a c t i v e  
m a t e r i a l s  wi th in  s p e c i f i c  phys io logica l  systems. 

Disturbance i n  t h e i r  func t ion  

Monoamine oxidases ,  a c e t y l c h o l i n e s t e r a s e ,  l i p a s e s ,  and p r o t e a s e s  a r e  
enzyme systems which have rece ived  e s p e c i a l  a t t e n t i o n .  

C. Physical  

The u t i l i z a t i o n  of c o l l o i d a l  s i z e  and change for p h y s i o l o g i c a l  placement 
is rece iv ing  only  a t t e n t i o n  a t  this time i n  a c o l l n b o r a t i v c  program, though 
fundamental t h e o r e t i c a l  c o n s i d e r a t i o n s  now being developed w i l l  l ead  t o  
experimental  t e s  t i n e  of hypotheses a t  an a p p r o p r i a t e  time. 

d. Immunological 

The e f f e c t s  of r a d i a t i o n  on immune mechanism have been i n t e n s i v e l y  
s t u d i e d  s i n c e  1949. 
is of g r e a t  p h y s i o l o g i c a l  s i g n i f i c a n c e .  
processes  t o  l o c a l i z e  r a d i a t i o n  is a eoa l .  REPOS,TO 

(See cont inua t i o n  ct%k%c~ 

The c a p a c i t y  of r a d i a t i o n  t o  a 
The ult ima 
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P r o j e c t  T i t l e :  Cont ro l  

12. Background: (Continued) 

' Radia t ion  - D i s t r i b u t i o n  i n  M; . a l i a n  Organism (Continued 

e. Regional  a p p l i c a t i o n  w i t h  l o c a l  p h y s i o l o g i c a l  c o n t r o l  

The r a t e s  of d i s t r i b u t i o n  o u t  of  a l o c a l  r e g i o n  v a r y  w i t h  d i f f e r e n t  
t i s s u e s .  
l i v e s  t h e  events  can a c c u r a t e l y  be assessed  and i n  sane i n s t a n c e s  make . . 
p o s s i b l e  t h e r a p e u t i c  a p p l i c a t i o n s  a s  c o n t r o l  of hydrothorax from malignancy 
wi th  c h l o r i n e  38 wherein t h e  r a d i o l o g i c a l  h a l f  l i f e  i s  l e s s  t h a n  t h e  elements  
phys io logica l  h a l f  time i n  t h e  loca l  a rea .  
engaged i n  from t ime t o  t i m e  and any  of promise are g iven  more ex tens ive  stud] 

With s u i t a b l e  s h o r t - l i v e d  r a d i o a c t i v e  elements of  d i f f e r e n t  h a l f  

Various p i l o t  s t u d i e s  are 

2 .  

3.  

Transpor t  mechanism,  non-specif ic  

a. Body compartment water  

Fac tors  which govern d i s t r i b u t i o n  o f  body water between c e l l u l a r  and 
e x t r a c e l l u l a r  spaces  a r e  under s tudy.  
t h e  system so t h a t  f o r  each organ the predominant phenomenon can be 
a s c e r t a i n e d .  I n  sme i n s t a n c e s  water changes are accompanied by actual 
s h i f t  of water  a c r o s s  c e l l  membranes; i n  o t h e r s ,  compensation i s  e f f e c t e d  
by s o l u t e  t r a n s f e r .  S p e c i f i c  t r a n s f e r  mechanisms are under s tudy  f o r  bo th  
organic  and i n o r g a n i c  subs tances .  
a t t e n t i o n .  Radia t ion  i n  l a r g e  amounts d i s t u r b s  normal water  d i s t r i b u t i o n .  

b. Differenti= s o l u b i l i t y  

The a t t e m p t s  made are t o  characterize 

Hormonal f a c t o r s  must also be given 

- 

Local iza t ion  of r a d i a t i o n  by d i f f e r e n t i a l  s o l u b i l i t y  has  p o t e n t i a l  
d i a g n o s t i c  and t rea tment  s i g n i f i c a n c e .  Best example t o  d a t e  i s  our s t u d y  
of l a b e l e d  a n e s t h e t i c  a g e n t s  as xenon and chloroform which are l iposoluble .  
Rates  of accumulation and d i f f e r e n t i a l  d i s t r i b u t i o n  may g i v e  i n s i g h t  i n t o  
mechanisms of a c t i o n .  

Radio logica l  c o n t r o l ,  Dosimetry 

a. H a l f - l i f e  

The e x p l o r a t i o n  of r a d i o a c t i v e  i so topes  of t h e  same element b u t  with 
d i f f e r i n g  h a l f  l i v e s  provides  a means of s i n g l e  system s t u d y  not  now general11 
employed. This  appears  t o  have f r u i t f u l  p o s s i b i l i t i e s  and s u i t a b l e  elements 
for s t u d y  w i l l  be sought  i n  coopera t ion  wi th  BNL Hot Laboratory,  Reactor and 
Accelera tor  opera t ing  u n i t s .  
of d o s i m e t r i c  c a l c u l a t i o n s  in b i o l o g i c a l  systems. 

b. Decay Scheme 

Che of the primary tests w i l l  be s u b s t a n t i a t i o n  

The e x p l o r a t i o n  of usefu lness  of complex decay schemes f o r  u t i l i z i n g  
s p e c i a l i z e d  p h y s i o l o g i c a l  placement is under c a r e f u l  s tudy.  
experimental  models have not  y e t  been evolved b u t  as t h e s e  a r e  developed 
experimental  a c t i v i t y  w i l l  increase .  

C. 

Proper 

Energy of r a d i a t i o n  and i t s  components 

P r e c i s e  knowledge of  t h e  energy of each  component of  r a d i a t i o n  is 
necessary f o r  proper  dosimetry. Ins t rumenta t ion  t o  p a r a l l e l ,  s u b s t a n t i a t e  
and supplant  b i o l o g i c a l  dosimetry w i l l  be under c o n s t a n t  development w i t h  
a p p r o p r i a t e  c o l l a b o r a t o r s  a s  well as w i t h i n  t h e  department. 

13. Rela ted  P r o j e c t s :  

See g e n e r a l  s ta tement  of  i n t e g r a t e d  Medical Department program. 

(See con tinuat&yMf hee t) 
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' r o j e c t  T i t l e :  Contro f Radia t ion  - D i s t r i b u t i o n  i n  t a s l i a n  Organiso (Continued) 

14; S t a t u s  a s  of A p r i l  1957: 

Metabolism of Cobalt-60-Labeled Vitamin B12 
Meyer, L. M.; Cronki te ,  E. P. and Wil l igan ,  D. 
(See a l s o  Quar te r ly  Progress  Reports  i n  p r e s s )  

Tagging G e l a t i n  w i t h  I13I U t i l i z i n g  P-iodo-phenyl S u l f o n y l  Chlor ide  
Ter res ,  G. and Wolins, W. 

Incorpora t ion  of C14-Labeled Amino Acids by " n i c h i n e l l a  s p i r a l i s "  Larvae 
S t o n e r ,  R. D. and Hankes, L. V. 

Mechanism of Immune Reac t ion  
S toner ,  R. D, 

The Nature of t h e  P r o t e i n  Associated wi th  t h e  Urinnry Acid Mucopolysaccharide 
DiPer ran te ,  N. and Popenoe, E. A. 

A Study of Metabol ic  Pathways of Pentose Pornat ion by Mammalian Spec ies  
Shreeve,  W. W. 

Metabolism of Q u i n o l i n i c  Acid Ring Labeled with T r i t i u m  
Hankes, L. V, 
- 

The Metabolism ofDLTryptophen-Ja ,  7a , 7-C14 and D G T r y p t ~ p h a n - a - C ~ ~  i n  the R a i  
Henderson, L. M. and Hankes, L. V. 

Beta Appl ica tor  C a l i b r a t i o n  
Weller ,  R. I. 

Neutron Dosimetry by Photographic Film 
S t i c k l e y ,  E. E. 

C a l i b r a t i o n  of I r r a d i a t i o n  Sources  
S t i c k l e y ,  E. E. 

T r i t i a t e d  Thymidine 

The E f f e c t  of S t a r v a t i o n  on t h e  Disappearance Rate of Tagged (I131) Bovine 
Serum Albumin has been I n v e s t i g a t e d  i n  Mice 

Incorpora t i o n  of Glycerol-1, 3 4 1 4  i n t o  t h e  T r i g l y c e r i d e s  and Fhsophat ides  
of Human Serum and Serum Lipopro te ins  

Hughes, W. L. 

T e r r e s ,  G. and Wolins, W. 

Gidez, L. I. and Eder, H. A. 

Urinary Excre t ion  of Acid Mucopolysaccharides i n  P a t i e n t s  w i t h  Rheumatoid 
A r t h r i t i s  

D i  F e r r a n t e ,  N. 

Action of Clos t r id ium Per f r ingens  on Orosomucoid 
Popenoe, E. A. and Drew, R. M. 

. B i o l o g i c a l  Ac t iv i ty  of Thyroxine Analogues 

A Study of Metabol ic  Pathways of  Carbohydrate Porna t ion  i n  Diabe tes  by Means 
of Carbon-14-Labeled E t h y l  Alcohol 

S h e l l a b a r g e r ,  C. J. 

Shreeve, w. W. and Conovitz, M. 

Synthes is  and Metabolism o f  Tri t ium-labeled Quinol in ic  Acid 
Hankes, L. V. and Segel ,  I. H. 

L ip ide  Metabolism i n  Experimental  Lipemia 
Gidez, L. I. and James, J. A. 

The Determination of Acid Aminopolysaccharidc i n  
Rich,  C. and DiFer ran te ,  N. 

6 0 X  No 
(See c o n t i n u a t i o n  S h e e t )  
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P r o j e c t  T i t l e :  Contro! f Radia t ion  - D i s t r i b u t i o n  i n  E.' nal ian  Organism (Continue 

14, S t a t u s  a s  of A p r i l  1957: (Continued) 

Basic Physiology of Manganese 
Borg, D. C. and C o t z i a s ,  G. C. 
(See a l s o  Q u a r t e r l y  Progress  Reports  i n  p r e s s )  

Role of Carbohydrate and Mineral  Metabolism i n  Cont ro l  of t h e  C e r e b r a l  
E x c i t a t o r y  S t a t e  

k F e v r e ,  P. G. 

I. Act ive Transfer  of Metabol i tes  Thtough C e l l  Membranes 

Hematopathologic Index 
11. Evalua t ion  of the Glucose Transpor t  System i n  the  Red C e l l  as a 

LeFevre, P. G. 

R a d i o s e n s i t i v i t y  of Choline Chlor ide  
S c r l i n ,  I. 

S t a t e  of Tissue  A c e t y l c h o l i n e s t e r a s e  a s  Determined by Cobalt-60 Gamma 
I r r a d i a t i o n  

S e r l i n ,  I. 

Neutron Dosimetry 
S t i c k l e y ,  E. E. -~ - 

Dosimetry of x-and Gamma-Rays 
S t i c k l e y ,  E. E. 

I so tope  Standards Comparator 
Weller ,  R. I. 

Beta Appl ica tor  C a l i b r a t i o n  
Weller, R. I. 
(See a l s o  Q u a r t e r l y  Progress  Reports  i n  p r e s s )  

Hal ide Metabolism , 

Robertson, J. S., S o h ,  D. and Durbin, P. 

S t u d i e s  of Light  S c a t t e r i n g  
Maxfield, M. 

P recursors  of Desoxyribose i n  Rat  Liver  S t u d i e s  wi th  Cl4-bbe1ed Glyc ine  
Shreeve,  W. W. and Grossman, A. 

The Role of Hydroxylysine i n  t h e  Synthes is  of Col lagen 
Sinex ,  P. M. and Van Slyke ,  D. D. 

15. Program for F. Y. 1958 and F. Y. 1959: 

S ince  t h e  e f f e c t i v e  t h e r a p e u t i c  v a l u e  of i s o t o p e s  1s t o  p l a c e  them on 
t a r g e t  and have them remain t h e r e  f o r  t h e i r  e f f e c t i v e  h a l f  l i v e s ,  we must 
know t h e  s p e c i f i c  and non-specif ic  t r a n s p o r t  meciaanisms and t h e i r  r e l a t i o n  
t o  r a d i o l o g i c a l  c o n t r o l .  S t u d i e s  w i t h  r e g a r d  t o  boron i n  neutron c a p t u r e ,  
manganese i n  m e t a s t a t i c  cancer and u t i l i z a t i o n  of l a b e l e d  compounds w i l l  
cont inue a t  a somewhat a c c e l e r a t e d  ra te  when a d d i t i o n a l  personnel  is 
a v a i l a b l e .  
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Continuing. 
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Response of human beings a c c i d e n t a l l y  exposed t o  s i g n i f i c a n t  f a l l - o u t  r a d i a t i o n  
Cronki te ,  E. P.; Bond, V. P.; Conard, R. A.; Shulman, N. R.; P a r r ,  R e  S.; 
Cohn, S. H.; Dunham, D. L. and Browning, L. E. 
JAMA 159, 430-434 (October 1955) 

Medical survey  of  Marshal lese  two y e a r s  a f t e r  exposure t o  f a l l o u t  r a d i a t i o n  
Conard, R. A.; Huggins, C. E.; Cannon, B.; Richards ,  J. B. and Lowery, A. 
BNL Report 412 (T-801, March 1956 

(See c o n t i n u a t i o n  s h e e t )  
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r o j e c t  T i t l e :  Effect :  'f Radia t ion  (Continued) ' : 

S t a t u s  as of A p r i l  1957: 

Punction and f a t e  of l a b e l e d  p l a t e l e t s  
Cronki te ,  E. P. and P a g l i a ,  D. E. 
(See a l s o  Q u a r t e r l y  Progress  Report  i n  p r e s s )  

(Continued) 

Cancerogenic Act ion of  Graded Doses of Whole-Body I r r a d i a t i o n  
Cronki te ,  E. P.; S h e l l a b a r g e r ,  C. J.; Bond, V, P. and L i p p i n c o t t ,  S. w. 
(See a l s o  Q u a r t e r l y  Progress  Report  i n  p r e s s )  

R a d i o s e n s i t i v i t y  of Choline Chlor ide  
Scr  l i n  , I, 

B i o l o g i c a l  e f f e c t s  of the r a d i a t i o n  from the  neut ron  c a p t u r e  r e a c t i o n  
Bond, V. P. and Gi lmar t in ,  J. 
(See a l s o  Q u a r t e r l y  Progress  Report  i n  p r e s s )  

Combined E f f e c t s  of Beta I r r a d i a t i o n  of t h e  Slcin and Whole Body X- i r rad ia t ion  
on Cardinogenesis  i n  t h e  Skin 

Conard, R. A,; Cronki te ,  E. P. and Bond, V. P. 

S t u d i e s  on t h e  T o x i c i t y  of I r r a d i a t e d  I n t e s t i n e  
Conard, R. A. and Quastler, H. 

Long _Term I131f tudies  of  Rats  
Shel labarger ,  C. J. and Godwin, J. T. 

Beta Appl ica tor  C a l l b r a t i o n  
Weller ,  R. I. 

i. Program f o r  F. Y. 1958 and F. Y. 1959: 

P r e s e n t  studies are planned t o  cont inue  d u r i n g  F i s c a l  1958 and 1959 
and break-throughs 
Development and procurement of whole body and m u l t i p l e  f o c i  count ing 
equipment t o  be  ready f o r  use on occupying t h e  new b u i l d i n g  i s  being 
s t r e s s e d .  

knowledge w i l l  be e x p l o i t e d  w i t h  determinat ion.  
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1. P r o j e c t  T i t l e :  
B e n e f i c i a l  Appl ica t ions  of Atomic Energy- 
Z i e r a p e u t i c  and DiaLnost ic  C l i n i c a l  Appl ica t ion  - 
Tnerapeusis  of Cancer 

f -  

2. Date: 

A p r i l  1957 

2. Hepatoma and h e p a t i c  metas tases  

Tne observa t ion  t h a t  r a d i o a c t i v e  manganese l o c a l i z e s  i n  l i v e r  reg ions  and 
netastzses i s  being f u r t h e r  explo i ted .  
c h z r a c t e r i s t i c  d i s t r i b u t i o n s  arc being s t u d i e d  i n  p a t i e n t s  w i t h  metastic malignac- 
c i e s  t o  determine those  compounds best s u i t e d  f o r  more i n t e n s i v e  t h e r a p e u t i c  assa;l. 

Various manganese salts  of d i f f e r i n e  

3. Other m e t a s t a t i c  czncers  

I .  Budget A c t i v i t y  4. Budget Item 
No: 6 310 No : 

P a t i e n t s  wi th  widespread metastases t r i l l  be s t u d i e d  with a v a r i e t y  of r a d i o -  
active i s o t o p e s  i n t e r n z l l y  adminis tered i n  an endeavor t o  determine f c c t o r s  favor-  
i n g  l o c a l i z r t i o n  and t h e r e f o r e  t h e r a p e u t i c  e f f e c t i v e n e s s ,  l i m i t s  of t o l e r a n c e  f o r  
v a r i o u s  i s o t o p e s  and means of combatting r a d i a t i o n  iiicuced complicct ions.  S t u d i e s  
r i i l l  be l a r g e l y  dependent on s p e c i f i c  p a t i e n t s  becoming a v a i l a b l e  from timc t o  
t i m c .  
c o l l a b o r a t o r s  from o t h e r  i n s t i t u t i o n s  on a v i o i t i n e  b a s i s .  

I t  is planned t o  c a r r y  on much of t h i s  rrorlr t h r o u ~ h  temjornry a d d i t i o n  of 

5 .  C o n t r a c t o r ' s  6. Method and Time of Reporting 
No: Progress :  Quar te r ly  & Specia:  

Rep or t s 

15. Xelatcd P r o j e c t s :  

Sec Gencral Statement  of I n t e c r a t e d  Biedical Department Proerm 

7 .  C o n t r a c t o r :  Associated U n i v e r s i t i e s ,  Inc. 
Brookhaven Nat iona l  Laboratory 

14. S t a t u s  as of A p r i l  1957: 

Use of t h e  nuc lear  r e a c t o r  f o r  neutron ca? ture  therapy of caiiccr ' 

Farr, L.LIRobc-r3so~.  J.S. and S t i c k l e y ,  3. 
I n t l .  Conf. on Pezccful  Uscs of Atomic Energy, Geneva, July 1955 

Tolerance of l a r g e  doses of sodium b o r a t e  in t ravenous ly  by p a t i e n t s  r e c e i v i n g  
neutron c a p t u r e  therapy  

Loclcslcy, 3 . B .  ami F t r r ,  L.E. 
J. 2hrmn. & Exp. Tnerap. 114, 484-489 (Papst 1955) 

E f f e c t  of l c r g e  in t ravenous  doses  of s o d i u m  b o r a t e  on t h e  human myoccrdium 
as r e f l e c t e d  i n  t h e  e lec t rocard iogram 

Conn, Z.L., Anta l ,  3.B. end P a r r ,  L.E. 
C i r c u l a t i o n  l2, 1043-1046 (Cccembcr 1955) 

8. Working Locat ion:  9. C o n t r a c t  No: 
Upton, New York AT-30-2-GEN-1t 

The experimental  n p p l i c c t i o n  of neutron cnpture  t h  
multiforme 

Pcrr, L.E. 
Contrc  C?.ncrum ACTA 2, 500-504 (1955) 

LO. Persons i n  Charge: L. E. Farr, i.1.D. 
lirs. C o t z i a s ,  L i p p i n c o t t ,  Wolins, 
Dzgnal l ,  Borg, Easterday,  Xobertson, 
S t 1 ckl  cy 

Per fus ion  e t u d i c s  on the i s o l e t e d  h c a r t  
Czrey, R.'!. and Ers te rdny ,  O.D. BOX NO. 

11. S t a r t i n g  Date: 
Cont inuing 

B i o l o g i c t l  E f f e c t s  of tile Radia t ion  from theF-8- 
Cond, V.?., Ess tcrday ,  0.3. md. Cronlrite, E.?. 

( s e e  c o n t i n u c t i o n  s h e e t )  
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P r o j e c t  T i t l e :  Cmce 
17. Operat ing C o s t s  

T o t a l  Cost  

. .  

l e s e a r c h  . --*. 3 10 
Estimated Est imated Est imated Estimated 

1957 1958 1959-h 1959-A+B 

$ 390,000 $ 532,000 $ 518,000 $ 590,000 

18. Cost  of P l a n t  & Bquipmcnt D i r e c t l y  Required 
(shown here  f o r  in format ion  only)  

- - 

(A) Const ruc t ion  

(B; Bquipment 

Est imated Est imated Est imated Est imated 
1959-h 1959-A+B 1957 1958 

a- "- --- 

(See Medical Research Summary) 

19. D i r e c t  Man E o w r  B s t h a t e d  B s t i n a t e d  !?sti.ma$ed Est imated 
;.957 , 1958 19 5 5-.1 1959-h+B . -- 

T e c h n i c a l  23.5 
3.5 - h d m i n i s t r a t i x ,  t S e x i c e  

( F i g u r e s  i n  parenthescs  r e p r e s e n t  a d d i t i o n a l  s c i e n t i f i c  man-years c o n t r i b u t e d  
by unpaid g u e s t s )  

20. Comments 

BOX NO. 

FOLDER 
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P r o j e c t  T i t l e :  Benef ic i  Appl ica t ions  of A t m i c  anergy r 'heraaeut ic  cnd 

14, S t a t u s  as of Apr i l  1957: (cont inued)  

I j iagnost ic  C l i n i c a l  Appl ica t ion  - Therapeusis  Of Cancer (cont inued)  

I 
Study of t h e  plasma p r o t e i n s  i n  n e o p l a s t i c  d i s e a s e s  

L i p p i n c o t t ,  S.U., Fong, C. and Wolins, W. i 
I 
I 
I 

Fur ther  s t u d i e s  wi th  t r a n s p l a n t a b l e  mouse b r a i n  tumors 
F a r r ,  L.E., Anta l ,  B.B., i:onilcor.iski, T, and Eas te rday ,  O.D. 

Basic  ?hysiology of mangnnese 
Borg, D.C. and Cotz ias ,  G. C. i 

S t u d i e s  of v i a b i l i t y  of mouse b r a i n  tumor fo l lowing  E l o  neut rop  c a p t u r e  I 

i r r a d i a t i o n  
Far r ,  L.E., Xoniko~rslii, T. and Eas te rday ,  O.D. I 

Computer Progrim f o r  p r o b i t  a n a l y s i s  
Easterday,  O.D., Mumford, ?. arid Rideout ,  S. 

Remotely c o n t r o l l e d  v a r i a b l e  f low i n j e c t i o n  appara tus  
Bnsterdny, O.D., R ichr rds ,  2. and Banslaben, A.J. 

I Neutron capture  therapy 
Parr,  L.E., Bagnnll, H.J., Easterday ,  O.D., Anta l ,  B. and Xonikowski, T. - - 

15. Proeream f o r  PY 1958 and FY 1959: 

During t h e  coming f i s c a l  year ,  neut ron  c a 2 t u r e  therepy i n  g l iob las toma mult i -  I 
forme will cont inue  at t h e  most r a p i d  ?ace consonant wi th  a l t e r a t i o n  of procedures  - 
s u e s e s t e d  or i n d i c a t e d  by o t h e r  e m e r i m e n t a l  r e s u l t s  becoming ava i lab le .  With 
occupancy of t h e  new medical  c e n t e r  there w i l l  begin a t  least s i x  months of in ten-  
s ive t e s t i n g  of t h e  new r e a c t o r ,  which i t  is hoped w i l l  p e n n i t  i n i t i a t i o n  of new 
series of s t u d i e s  u t i l i z i n g  t h e  medical  r e a c t o r  dur ing  FY 1959. 

Explora t ion  of u s e f u l n e s s  of r a d i o a c t i v e  manganese i n  p a l i a t i o n  of h e p a t i c  
and m e t a s t a t i c  cancer w i l l  be n c c e l e r e t e d  i n  coming hear  fo l lowing  l e a d s  developed 
i n  t h e  l a b o r a t o r y  and experimental  procedures  dur ing  f i s c a l  1957. 
o t h e r  m e t a s t a t i c  cancers  and primary malignancies  w i l l  be  s t s d i e d  w i t h  p a r t i c a l c -  
r e f e r e n c e  t o  abnormal i t ies  i n  p r o t e i n  metabolism t o  de te rmine  i f  metabol ic  abnor- 
mzlities e r e  p r e s e n t  i n  n e o p l a s t i c  d i s e a s e s  and i f  p r e s e n t ,  how explo i ted .  

P a t i e n t s  d t . 1  

oox NO 

FOLDER 
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, '. . .  
PROPOSAL AND HUTHCRIZkTION ' 

FOR RESWIRCH OR DEVELOEMENT . * 

1. P r o j e c t  T i t l e :  
B e n e f i c i a l  k p p l i c e t i o n s  o f  Atomic Energy - Therapeut- 
i c  and Diagnos t ic  C l i n i c a l  Appl ica t ions  

r -  

2. Date: 

A p r i l  1957 

3 .  Budget A c t i v i t y  
No: 6320 

C o n t i n u i w  I Drs. C o t z i a s ,  Dnhl, Cronki te ,  Shreeve,  
Wolins, Borg 

4. Budget Item 5 .  C o n t r a c t o r ' s  6. Method and Time of Reportiry 
No: No: Frogress :  Q u a r t e r l y  81 Specia:  

Rep or t s 

12. Background : 

1. Cardiovascular  system. 

Radioact ive i s o t o p e s  a r e  being. used s y s t e m a t i c a l l y  t o  explore  t h e  
p o s s i b i l i t y  of abnormal p a t t e r n s  of  d i s t r i b u t i o n  or body content  of 
e l e c t r o l y t e s  i n - e s s e n t i a l  hypertension.  I n  p a r t i c u l a r ,  s t u d i e s  n r e  
underway t o  determine t h e  s i g n i f i c a n c e  o f  sodium i n  t h e  pa thogenes is  
o f  t h e  condi t ion .  Explora t ion  o f  c i r c u l a t i o n  tines and local v a s c u l a r  
competence i s  also c a r r i e d  o u t .  Blood volume s t u C i e s  us ing  i s o t o p e s  
are c o r r e l a t e d  w i t h  d i s e a s e  states. The g e n e r a l  program u t i l i z i n g  
i n o r g a n i c  sa l t s  i s  a long  range one, 

2. Renal  system. 

I t  i s  p laMed t o  i n s t i t u t e  a long  range series o f  s t u d i e s  of  r e n a l  
physiology us ing  m u l t i p l e  r a d i o a c t i v e  i s o t o p e s  s imul taneous ly  t o  g e t  
a more complete p i c t u r e  of complex t u b u l a r  f u n c t i o n s  wi thout  exceeding 
normal y h y s i o l o g i c a l  concent ra t ions  of  i o n s  s t u d i e d .  (To be i n i t i a t e d  
w i t h  appointment o f  proper Senior  S t a f f  member.) 

7.  Contrac tor :  Assoc ia ted  U n i v e r s i t i e s ,  Inc.  
Brookhaven Nat ional  Laboratory 

3. Neurological  systems. 

During t h e  p a s t ,  i s o t o p i c  s tudy  of t h e  n e u r o l o g i c a l  system h a s  been 
l i m i t e d  l a r g e l y  to i s o t o p i c  s t u d i e s  on formation and c i r c u l a t i o n  of the 
c e r e b r o s p i n a l  f l u i d  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  e f f e c t s  o f  neut ron  
capture  therapy,  
manganese and t h e  product ion of c Parkinsonian  syndrome by manganese 
has  l e d  t o  i n v e s t i g a t i o n  of  t h e  r o l e  of  manganese i n  p a t i e n t s  with 
Park inson ' s  d i s e a s e .  

4.  Muscular and s k e l e t a l  systems. 

P r e s e n t  i n t e r e s t  i n  the  p h y s i o l o g i c a l  u s e f u l n e s s  o f  

8. Working Locat ion:  9. C o n t r a c t  No 
Upton, New York AT-3&2-GEN-1( 

S t u d i e s  are being c a r r i e d  o u t  w i t h  i n o r g a n i c  r n d i o a c t i v e  t r a c e r s  
on p a t i e n t s  wi th  a r t h r i t i s .  
and e f f e c t s  of p r e s e n t  therapy are planned. L a t e r ,  l a b e l e d  o r g a n i c  
compounds p r o t e i n ,  glyco-protein and muco-protein w i l l  be s t u d i e d .  

5 .  G a s t r o - i n t e s t i n a l  system. 

Regional s t u d i e s  of  f l u i d  formation 

I n  p a t i e n t s  developing r a d i a t i o n  i l l n e s s  i t  i s  planned t o  s tudy  some " 
a s p e c t s  of y a s t r o - i n t e s t i n a l  f u n c t i o n  w i t h  s u i t a b l y  l a b e l e d  t r a c e r s .  
Work w i l l  depend upon a v a i l a b i l i t y  o f  proper  s u b j e c t s .  

6 .  Integument. 

E f f e c t s  o f  r a d i a t i o n  on t h e  s k i n  p a r t i  
neut ron  capture  therapy  w i l l  cont inue t o  
o f  s k i n  responses  t o  a l l  types  o f  r a d i a t i o n  w i l l  
o p p o r t u n i t i e s  occur. 

7. Endocrine system. BOX NO 

Continuine b u t  n o t  n e c e s s a r i l y  continu@O@kR- rne  
use o f  r a d i o a c t i v e  i s o t o p e s  t o  g a i n  b e t t e r  in format ion  regard ing  

(See c o n t i n u a t i o n  s h e e t )  
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.- 
P r o j e c t  T i t l e :  biedicr Pesearch 320 

17. Operat ing Cos ts  Estimated Est imated Est imated Est imated 
1957 1955 195 9-A 1959-A+B 

T o t a l  Cost  , 8 295,000 .$ 380,000 $ 370,000 $ 425,000 

18, Cost  of P l u n t  &Equipment  D i r e c t l y  Required 
(shown h e r e  for in format ion  only)  

Est imated Est imated Est imated Est imated 
1957 1958 1959-8 1959-A+B - __ 

(A) Const ruc t ion  7 I "- - 

(E) Equipment (See Medical Research Summary) 

~~~ ~ -~ 

19. D i r e c t  Man Power Est imated Est imated Est imated Est imated 
1957 1958 1959-A 1959-A+B 

. .  No. of Man Years 
S c i e n t i s t s  br Engineers  6 45 7 -0 6 e5 7.5 ' 
Technica l  15 45 17.0 16 05 18 D O  

3.5 Adminis t ra t ion  & S e r v i c e  . 2 - - 3-5 - 365 

T o t a l  ' 25*0(0.5) 27.5(0.S) ' 26.5(0.5) 29.0(0~5) 

. .  
(F igures  in parentheses  represent  e d d i t i o n a l  s c i e n t i f i c  man-years c o n t r i q u t e d  
by unpaid g u e s t s )  

20. Comments 

BOX No 

FOLDER 
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L r , c s - e c u * * r  L i * * r  Y * I f i I I " O C * C  

P r o j e c t  T i t l e :  Benefic  r i r . I , l icct ians  of ntomic Energy ' C l i n i c a l  Appl ica t ions  

. normally func t ioning  endocrine s y s t e n s  as well as s p e c i f i c  observa t ions  i n  
d i s e a s e  s t a t e s .  
s t u d i e s  i n  d i a b e t e s  m e l l i t u s  p a t i e n t s  t o  determine t h e  rate of conversion 
of  f a t s  t o  czrbohydrates .  Adrenal e f f e c t s  i n  t h i s  system a r e  a l s o  observed. 
Treatment of  hyperthyroidism whi le  n o t  s t r i c t l y  d i a g n o s t i c  i s  inc luded  under 
t h i s  category s i n c e  s t u d i e s  c a r r y  r a d i a t i o n  e f f e c t  r e s u l t s  t o  l a r g e r  magni- 
tudes  than encountered i n  p u r e l y  diagnostic tests. 

A t  t h i s  time p a r t i c u l a r  a t t e n t i o n  is bein3  given t o  C14 

3. Rela ted  P r o j e c t s :  

See General  Statement  of I n t e g r a t e d  Medical Department Program. 

.4. S t a t u s  as of A p r i l  1957: 

Study o f  c e r t a i n  
exemplif ied by bing6 p a r t i t i o n  s t u d i e s  in orems and i n t r a c e l l u l a r  organel les .  

hases of  ce l l  dynamic s ta tes  w i t h  shor t - l ived  i s o t o p e s  

Cotz ias ,  G, C1 and Irlaynsrd, L. S. 
I n t l .  Conf. on Teacefu l  Uses o f  Atomic Bnergy, Geneva, J u l y  1955. 

Use of  r a d i o a c t i v e l y  l a b e l e d  compounds in study Of metabol ic  i n t e r r e l a t i o n -  
s h i p s  of h o s t  and y a r s i t i c  helnrintlls. 

S toner ,  R . L  anc! Hnnlces, L. V. 
I n t l .  Conf. on Pcacefu l  Uses o f  Atomic Energy, Geneva, J u l y  1955. 

The e f f e c t s  o f  s i c k l i n g  on ion t r a n s p o r t .  
p o t a s s i u n  t r a n s p o r t .  

I. E f f e c t  of s i c k l i n g  on 

Tosteson,  D, C., C a r l s e n ,  3. and 3unhm, Eo T.  
J. Gen. 2l iysiol .  2, 31-53 (Sept. 20, 1955) 

The e f f e c t s  of  s i c k l i n g  on i o n  t r a n s p o r t .  
sodium and c e s i u n  t r a n s p o r t .  

11. E f f e c t  o f  s i c k l i n g  on 

Tosteson,  D. C. 
J. Sen, Phys io l .  39, 55-67 (Sept. 20, 1955) 

A s p i r a t i o n  Biopsy: Technique and a p p l i c a t i o n .  
Godwin, J. T. 
Annals New York Acad.  S c i  63, 1348-1373 (March 1956) 

In vitta metabolism o f  DL-Alanine-2-014 and G l y c i n e - 2 4 1 4  by 
t r i c h i n e l l a  s p i r n l i s  l a r v a e .  

llankes, L. V. and Stoner ,  R. D e  
Proc. SOC. Bxp. aiol. dr hied. 91, 443-446 (Warch 1956) 

Treatment of  Radia t ion  I n j u r i e s .  
Conki te ,  E. P. 
M i l .  Pled. 118, 328-334 ( A p r i l  1956) 

Basic physiology o f  manganese. 
Borg, D. C. anC C o t z i a s ,  G. C. 

(See a l s o  Q u a r t e r l y  Reports  i n  progress )  

A s tudy  of  metabolic pathways o f  carbohydrate  f o r n a t i o n  in d i a b e t e s  
by means of  carbon-14-labeled e t h y l  a lcohol .  

Shreeve,  W. W. and Conovitz ,  Ma 

C l i n i c a l  observa t ions  on an t ipark inson  drues .  

E f f e c t  o f  a d r e n a l  s t e r o i d  hormones on the f a t e  o f  C14-labeled meta- 
b o l i c  i n t e r m e d i a t e s  i n  human s u b j e c t s .  

Cotzias, G. C. and Borg D. C. 

n Shreeve,  :?. W. and Hennes, 4%. R. 

Urinary e x c r e t i o n  of a c i d  mucopolysaccharides 
rheumatoid a r thr i t i s .  

Diper ran te ,  N. 

BOX No 

FOLDER ' 

(See c o n t i n u a t i o n  shec t )  
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I Therapeutac and Uiagnost lc  
Projec t  Ti t1e:Bcnef ic  Appl i ca t ions  o f  Atonic Energy C l i n i c a l  ADDlicaticns 

15, Program f o r  F .  Y, 1958 and F. Y .  1959: 

The'continuing aspec t s  o f  t h i s  program are included in t t c d i s c u s s i o n  under 
Item 12, Background. 

For a discuss ion  of o v e r a l l  trends ,  see Summary Statement f o r  Medical Research 
Program. 

BOX No 

FOLDER 
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?RO?OSAL AND AUT:-IORIZATION 
FOR R';ISEARCH OR DEV4.01MCIPT 

1. P r o j e c t  T i t l e :  

C i v i l  E f f e c t s  Test ?rogram - Nevada S t u d i e s  
2. Date: 

h g u s t  1957 

7. Contrac tor :  Associated U n i v e r s i t i e s ,  Inc,  8. \lorking Locat ion:  
Upton, Hew York & 
Mercury, Nevada 

Broolchavcn Nzt iona l  Laboratory I 
12, Background: 

It is well Icno\~n from previous l a b o r a t o r y  and f i e l d  d a t a  t h a t  t h e  degree  of b io-  
l o g i c a l  rcsponsc i n  t h e  mammal is h ighly  depehdent 'on t h e  d i s t r i b u t i o n  of  absorbed 
5ose throughout t h e  organs and tissues. Thus,  for t h e  same monitored a i r  dosc,  t h e  
iegree  of responsc c n r v a r y  g r e a t l y  depending on t h e  absorp t ion  c h a r a c t c r i s t i c s  of 
the r a d i a t i o n  i n  tissue. 

9. Cont rac t  No: 
' 1?T-30-2-GEN-16 

The o b j e c t i v e s  of t h e  p r e s e n t  experiments  were t o  determine,  i n  t i s sue-equive lcn t  
?hantoms approximating t h e  s i z e  of man (1) the  r a t i o  o f  monitored " a i r "  dosc bomb 
:amma r a d i a t i o n  t o  t h e  absorbed dose  of gamma r a d i a t i o n  through t h e  t i s s u e  equivelen '  
n a t e r i a l .  
x c a u s e  of dos imet r ic  d i f f i c u l t i e s ;  p re l iminary  d a t a  vicrc obtained a t  Operat ion 
Upshot/Knothole. 

S t c d i c s  of  t h i s  n a t u r e  a t  Operat ion Gr-enhouse y i e l d e d  no information 

10, Person i n  Charge: D r .  V. P. Bond 

13. Rclated P r o j e c t s :  

Other C i v i l  E f f e c t s  Prograias 

See  General  Statement  of I n t e g r a t e d  Medical Department :'rogram, Broolchaven 
Nat iona l  Laboratory 

11. S t a r t i n g  Date: F. Y. 1957 

14. S h t u s  as of August 1957: 

The i n i t i a l  shot  ( s p r i n g  1957) was cons idernbly  below expected y i e l d ,  and no 
i a t a  were obtained. A second s h o t  y i e l d c d  results wi th  a l l  dos imeters  used, which 
have been analyzed and reduced t o  g r a p h i c a l  form. An oi! t l ine r e p o r t  has  been pre- 
pared i n  rough form. 
3btained w i t h  usua l  labora tory  r a d i a t i o n .  Thc neutron y i e l d  was h igher  t h s n  cx- 
pected, and t h e  e f f e c t  of neutrons on t h e  gamma ci*rves obta ined  is be ing  cvaloeted.  
The pre l iminary  neut ron  curves revea led  p a t t e r n s  aga in  d i f f e r e n t  from l abora tory  
r a d i a t i o n s  o r  t h e  f i e l d  gamma r a d i a t i o n .  

The gamma curves  are c o n s i s t e n t  and d i f f e r e n t  from those  

15, Program f o r  F, Y. 1958: 

I t  is important  t h a t  t h e  prel iminary neut ron  dcpth  dose  d a t a  b e  v e r i f i e d  and 
extended. I t  is proposed t h c t  i f  adequate  neutron dos imet ry  cen  bc  provided by 
thc  OWL group, t h a t  a d d i t i o n a l  d a t a  b c  obta incd  dur ing  September 1950, T h i s  C M  
,e accomplished w i t h  minimal a d d i t i o n a l  procurement and w i t h  tlic s m e  pcrsonricl 
i:scd prcviocs ly ,  ?uti:re p a r t  i c ipa t 'on  w i l l  dcqcnd on the  r c s u l t s  ob2zincd. 

F c r s o n m l  t o  bc a f f i l i a t e d  wi th  t h e  1958 program w i l l  be: 

91!L: Dr. Bond, Dr. Cron!:ite, D r ,  Stic!clcy, Mr. G i l m  

PlMRI: Mt. Imiric, Mr. Manlcy. 
Mz, Adan#* 
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1. P r o j e c t  T i t l c :  
C i v i l  E f f e c t s  T e s t  ?rogram - Marshal lese  Stxvcy 

. .  F. Y. 1958 

PR0PCW.L [?ID E.LmQ? IWTION 
?O?. RZSSET.P.CH OR DZVV3U3PMi3IT 

NYO-149 

2. Date: 
August 1957 

3. Budget A c t i v i t y  
t!oa 6600 

4. Budgct Item 5. Contrac tor ' s  6. Method and Time of Reporting 
No : No: Progress:  q u a r t e r l y  EC 

S p c c i a l  Reports  

110. 9erson i n  Charge: I 11. S t a r t i n :  Date: 
R. A. Conard, l i ,  D. Septcmbcr 1, 1957 

7. Contrec tor :  Associated U n i v e r s i t i e s ,  Inc. 
Brookhwen Nat ional  Laboratory 

, 112. Background: 

' , I n  March 1954, fol lowing d e t o n e t i o n  of  a nvc lcar  device ,  239 Marshal lese  people  
These people have been taken  c a r e  of and were a c c i d e n t l y  i r r a d i a t e d  w i t h  f a l l o u t .  I s t u d i e d  i n i t i a l l y  and annilally by PX-Naval mcdical  teams undcr t h e  auspices  of t h e  ' 3 i v i s i o n  ofJiolo,oy a&i.tcdicine of the ILEC. Dr. C. 5. Dunham of t h a t  Div is ion  hes  

! o r a t o r y  t o  t a k  charge of t h e  cont inuing  annuel  mcdical survcys  of t h e  exposed 1 Marshal lese  and accord ingly  s i n c e  1956 thcse silrvcys havc been sponsorcd by 3k!L. 

I r a d i a t i o n  on lwnan beings and is be ing  made a v a i l a b l e  t o  t h e  medical  p r o f e s s i o n  1 through publ ica t ions .  Thesc stidies arc g r e a t l y  f a c i l i t a t e d  by t h e  f a c t  t h a t  a 

requested Dr.  2 o b c r t  A. Connrd of the Medical D e p a r t m n t ,  Brookhaven Nat iona l  Lab- 

Much v a l u a b l e  informat ion  lias been and is bc ing  obtained on t h e  e f f e c t s  of f n l l o u t  

y o u p  of unexposed Marshal lesc  l i v i n g  under t h e  same cnvironmentel c o n d i t i o n s  
a r c  a v a i l a b l e  f o r  conperni ive studies. 

- 
i large 

3. Relcted P r o j e c t s :  

See  Genera l  Statement  of  I n t e s r a t c d  isiedical Department Program, Brookhaven 
Nat iona l  Laboratory. 

P 

8. Working Locat ion:  9, Cont rac t  No: 
. AT-30-2-GEil-lf Upton, PI. Y. & 

llarshall I s l a n d s  

.4. S t a t u s  as of Augtist 1957: 

was complcted i n  the Marsha l l  I s l a n d s  i n  A p r i l  1957. This  r e p o r t  w i l l  c o n t e i n  
r e s u l t s  of c x t c n s i v c  c l i n i c a l  and l a b o r a t o r y  exanina t ions  on t h e s e  pcoplc. 

C. r e p o r t  is bcing w r i t t e n  on t h e  thrce y c a r  pos t  c m o s u r e  mcdical survey which 

~~ ~~ ~~~~~ ~~ 

.5. Irogznm f o r  F. Y. 1958 and F. Y. 1959: 

P lans  are underway f o r  the  next  annual  medical  survey t o  t a k e  ? lace  i n  March 
1958 a t  f o u r  y e a r s  pos t  exposure. Thc scope of t h e  a m i n a t i o n s  w i l l  be enlarged.  
Extcns ivc  s t u d i e s  w i l l  ?.gain b e  c a r r i e d  o u t ,  s i m i l a r  t o  those  of t h c  l a s t  survey,  
w i t h  cons iderablc  emphasis on hcmatologicel  i n v c s t i g z t i o n s  an6 on growth and devcl-  
opment s t u d i e s  i n  the c h i l d r e n  as w e l l  as studies on long  term e f f e c t s  of r a d i a t i o n  
An X-ray machine w i l l  be needed a t  Rongclcp i n  order  t o  c a r r y  out  t h e  growth and 
development s t u d i e s  as w e l l  as for use i n  d iagnos is .  I n  a d d i t i o n ,  s p e c i a l  s t c d i c s  
on whole body ganrmz spectroscopy and radiochcmical  ana lyses  of t h e  u r i n e  t o  dctermii 
body burdens of rad io iso topes  i n  t h e  people  will n c c e s s i t a t e  t h e  a c q u k i t i o n  of a 
wholc body gamma count ing f a c i l i t y  t o  tckc t o  t h e  Is lcnds.  
t h i s  device  w i l l  b c  used repea ted ly  on thc  Marshal lese  i n  f u t u r e  annual surveys. 
Personnel  t o  bc a f f i l i c t c d  w i t h  t h e  1958 pxogram w i l l  be: 

I t  i s  a n t i c i p a t e d  t h z t  

BIIL Regular: Dr.  Conard, . D r .  Robertson, Dr. Yol ins  (3/4): Mr. Greenough 
BNL Temporcry: 

NMRI:  
NRDL: Mr. Manby, klr. Murray 
NIH: D r .  !'.all 

Dr .  Ltcycr, Dr. Vol ins  (1/4>*, ? 
Ib; Jones 

Col. Lowrey, Mr. Eichcr ,  Mr. C1ut tc ra& 

Navy: 

I t  is a n t i c i p a t c d  tha t  similar annual mcdical survcys  w i l l  t a k e  p lace  i n  1959 

D r .  Roth, D r .  Nplnn, Dr. "ing 
BOX No 

and i n d e f i n i t e l y .  FOLDER 

*Regular Laboratory appointment f o r  Dr. Wolins is 314 t i n e  only,  -- ~ -- 
OFPIC1P.L LSE ONLY 
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P r o j e c t  T i t l e :  

17. Operat ing Costs  Estimated Estimated Estimated 

C i v i l  E f f e c t s  T e s t  Program - Marshal lese  Survey (P. Y. 1958) . 
f 

1957 1958 1959 
c-- 

Labor 
W S  
T r a v e l  
Purchased S e r v i c e s  
S p e c i a l  procurement and 
Contingency a g a i n s t  l o s s  

Technica l  Serv ices  (BHL) 
Gencral  t: Adminis t ra t ive.  

1 T o t a l :  

$ 2;665 $ 4;900(2) 
4;389 6;300 
6,363 9 , 000 

166 11,300(3) 

( 1 )  48)500(4)  

7,087 6 000(5) 
'215 1;ooo 

$20 , 884 $87,000 

To be  
Deta i led  

A f t e r  
Completion 

Of 
P. Y. 1958 

Program 

( l ) M i s c e l l a n e o ~ s  i tems furn ished  from Laboratory C a p i t a l  Equipment. 
( 2 ) S a l a r i e s  and wages of temporary personnel  h i r e d  by BNL. 

(3)Allotments t o  o t h e r  agencies  : NMRI $6;200 

N, Y. Navy Yard $3,100 

. 
Does not  i n c l u d e  

l a b o r  c o s t s  f o r  permanent BNL employees or personnel  from m i l i t a r y  e s t a b l i s h  
ments. 

MRDL $2;000 
- ~ 

(4)Equipment and o t h e r  s p e c i a l  procurement - n o t  t o  b e  c a p i t a l i z e d .  

X-ray f o r  use a t  Rongelap $ 8,500 

because of remote use)  9,000 

Shielded f a c i l i t y  f o r  use on LST 
One 100 channel  ana lyzer  ( s p a r e  r e q u i r e d  

16,000 

Sub T o t a l  - $33,500 

Contingency t o  cover BNL s u p p l i e d  whole 
body counter  i f  damaged o r  l o s t  1s 000 

T o t a l  - $48 , 500 

- 

(5)Based on Labor , Materials and Suppl ies  Procurement, and Technica l  Serv ices . '  

18. Cost of P l a n t  and Equipment Di rec t ly  Required: 

Bas ic  equipment items requi red  f o r  whole body counter  , which w i l l  have con- 
t inued  use a t  B I Z ,  w i l l  be suppl ied  from r e g u l a r  Laboratory equipment funds. I Equipment d e s t i n e d  f o r  t h i s  s tcdy  only is not t o  be  c a ? i t a l i z c d  a s  noted above. 
I 

119. D i r e c t  Man Power Bs t i h a t  ed Est imated Estimate1 
1957 1958 1959 

No. of Man Years 

S c i e n t i s t s  & Engineers 

Mminis t r ;? t ion  b Service  

' 1.5 1.6 
.6 

T o t a l 1  2.5 2.2 

Technica l  ' ' 1.0 
_L__ 

1 .  
t 
I p o t r :  These ?.rc t n t a l  lnnn y.:ars c o n t r i b u  

personnel  f o r  t h i s  work. 

4 0 0 2 0 9 2  1 

BOX N O .  

FOLDER . .  
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1 'I 
7. Operat ing Cos ts  E s t  imat ed E s t  imat cd 

1957 1958 

$ L, 
I .  

Labor 
M/S 2; 104 

>rave1 4,257 

T e a a l  Serv ices  ( 8 . N . L )  ' 46 
Geiima4 eC Adminis t ra t ive  (i3.N.L) 3,175 

$ 9,502 

L 4 - r  c has ed S erv i c es -I 

_I 

500 -- (3) 
$10 ,ooo(~) 

("Temporary l a b o r  only  engaged f o r  t h i s  work, 
(2)Allotment t o  NMRI f o r  t r u c k i n g  and s p e c i a l  t r a n s p o r t a t i o n ,  

(3)N0 G U  assigned i n  view of . s p o t  n a t u r c  work a d  i t s  r e l z t i v e l y  small s i z e .  

(4) Inc ludcs  contingcncy of $2,500 t o  cover  postponements i n  f i e l d  ($500 i n  
l a b o r ,  $1,500 i n  t r a v e l ) .  

- - 
8 .  Cost  of Plrrnt and Equipment D i r e c t l y  Required: 

Small i tcms of miscel laneous equipment not  now a v a i l a b l e  w i l l  be  procured 
rom r e g u l a r  Laboratory equipment funds. 

9. D i r e c t  Man Power Estimated 
1957 

Bs t imated E s t  imzt ed 
1958 1959 

I No, of  Man Years 

I S c i e n t i s t s  PI Bngineers 0.7 0.15 - 0.3 
0.15 - 0.3 Technica l  0.9 

Adminis t ra t ion & S e r v i c e  

( 1 )  Tot  a 1  : 1.6 0.3 - 0.6 

(l'Dcpends upon d e l a y s  in s h o t  time. 

Note: These rre t o t a l  man y e a r s  c o n t r i b u t e d  by a l l  o r g m i z a t i o n s  supply ing  
personnel  f o r  t h i s  work, 

BOX No 

FOLDER 


