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c .  Purpose c o n t .  

W P  NUMBER TASK NO. REV. NO. 
0 

i n i t i a l  technique developed a t  BNL employed two encapsula ted  s o u r c e s  of  45 C i  of 
238Pu,Be, Ge(Li) d e t e c t o r s ,  and a f a s t  count ing c i r c u i t .  
improved by changing t o  252Cf and us ing  b e t t e r  s h i e l d i n g  such t h a t  t h e  dose is  ap- 
proximate ly  1 /3  of  t h e  o r i g i n a l  system. 

The system has been 

The f e a s i b i l i t y  of using t h i s  technique and a n u c l e a r  s c a t t e r i n g  tech-  
nique t o  make s i m i l a r  measurements of  o t h e r  t r a c e  m e t a l s  (mercury,  copper ,  
s i l i c o n ,  l i t h i u m ,  i r o n )  has  a l s o  been i n v e s t i g a t e d .  The "por tab le"  n a t u r e  of  t h e  
neutron sources  has  made p o s s i b l e  the  b u i l d i n g  of a t r a n s p o r t a b l e  prompt gamma neu- 
t r o n  a c t i v a t i o n  f a c i l i t y  which can be moved t o  s p e c i f i c  p o p u l a t i o n s  of  i n t e r e s t .  

B. Nitrogen 

A new noninvasive technique f o r  measuring t o t a l  body n i t r o g e n  w a s  de- 
veloped s p e c i f i c a l l y  t o  measure the body p r o t e i n  c o n t e n t  and i t s  changes i n  cancer 
(NIH-NCI Contrac t  YO1-CP-80207). The method u t i l i z e s  t h e  technique  o f  measuring, 
on l i n e ,  the  c a p t u r e  o f  gamma rays a r i s i n g  from t h e  i n t e r a c t i o n  of  neut rons  and 
v a r i o u s  elements  i n  the  body. 
source .  The gamma d e t e c t o r s  i n  t h i s  technique a r e  l a r g e  volume sodium i o d i d e .  
T o t a l  body n i t r o g e n  i s  measured with a very  low dose (26 mrem). The technique 
o f f e r s  a new e x p e r i m e n t a l  approach f o r  the s tudy of  metabol ic  d i s o r d e r s .  

The neut rons  a r e  der ived  from a 90 C i  238Pu,Be 

11. Nuclear Resonance S c a t t e r i n e  (NRS) 

The q u a n t i f i c a t i o n  of body s t o r e s  of iron r e s t s  on a newly developed tech-  
n ique  o f  -- i n  v i v o  n u c l e a r  resonance s c a t t e r i n g  (NRS) .  
us of 56Fe (92% i s o t o p i c  abundance) is r a i s e d  t o  i t s  f i r s t  e x c i t e d  s ta te  by gamma 
r a d i a t i o n .  The e x c i t e d  nuc leus  decays t o  i t s  ground s t a t e  by emiss ion  of a 847 
keV gamma ray .  This  gamma ray is  measured e x t e r n a l l y  t o  the  body by s p e c i a l  
d e t e c  t ion i n s  t rumenta t i o n .  

I n  t h i s  technique  the nucle-  

An ins t rument  to  measure small  amounts of i r o n  was c o n s t r u c t e d  and used 
i n  phantom s t u d i e s  t o  demonstrate  t h e  f e a s i b i l i t y  of  the  technique f o r  measuring 
t i s s u e - d e p o s i t e d  i r o n .  A f u l l  s c a l e  ins t rument  capable  of  measuring low l e v e l s  o f  
i r o n  i n  the h e a r t  and l i v e r  of tha lassemic  p a t i e n t s  was developed.  The c a l i b r a -  
t i o n  and t e s t i n g  of t h i s  NRS instrument  was' completed i n  phase 1 of t h e  s tudy .  

I n  phase 2 ,  the  instrument  i s  t o  be used t o  measure changes i n  i r o n  de-  
p o s i t s  i n  ' t h a l a s s e m i c  p a t i e n t s  c u r r e n t l y  undergoing c h e l a t i o n  therapy  i n  . research  
s t u d i e s  i n  the Boston and New York a r e a s .  P a t i e n t s  w i l l  be brought  t o  Brookhaven 
a t  6-12 month i n t e r v a l s  f o r  measurement. I n  a d d i t i o n ,  p a t i e n t s  on hemodia lys i s  
w i t h  hemosideros is  a r e  being s t u d i e d .  



. TITLE Development of  Techniques and 
Methods f o r  Medical A p p l i c a t i o n  and 
Environmental  Health Problems 

ASSOCIATED UNIVERSITIES, INC. 
BROOKHAVEN NATIONAL LABORATORY 

20. ~ Detail-Attachments c o n t .  

BUDGET AND REPORTING CODE ' DATE PREPARED 

HA-02-07 -01 04 / 16 184 

CODE WP NUMBER TASK NO. REV. NO. 
6NL 0 

d .  Background c o n t .  

1.8 ug/g Cd i n  t h e  l iver  and 1.5 mg Cd f o r  one kidney.  The f a c i l i t y  has been 
mounted i n  a 34 f t .  t r a i l e r  which, complete with medical  examinat ion f a c i l i t i e s ,  
can be moved t o  any s i t e  t o  s tudy  i n d u s t r i a l l y  exposed p o p u l a t i o n s .  

The measurement of t o t a l  bddy n i t r o g e n  by prompt gamma neut ron  a c t i v a t i o n  was 
f i r s t  o r i g i n a t e d  by Rundo of Hamell. I n  r e c e n t  y e a r s ,  t h e  technique  was f u r t h e r  
developed by the U n i v e r s i t y  of Birmingham, England group. A t  BNL, neutrons from 
238Pu,Be or 252Cf "por tab le"  sources  are used i n  p lace  of  the c y c l o t r o n  neut rons  
used by t h e  Birmingham group. 

The f e a s i b i l i t y  o f  measuring l iver  burdens of cadmium i n  v i v o  was f i r s t  pre-  
s e n t e d  by Harvey e t  a l .  i n  Lance t ,  June 7 ,  1975. They use  a pulsed  beam of  c y c l -  
o t r o n  n e u t r o n s ,  while t h e  BNL system employs "portable"  sources  o f  238Pu,Re o r  
252Cf. 
surement o f  both n i t r o g e n  and cadmium, such as e a s e  of o p e r a t i o n  and the p o s s i b i l -  
i t y  of l o c a t i n g  t h e  f a c i l i t y  i n  a c l i n i c a l  environment.  I n  a d d i t i o n ,  a h i g h e r  
p r e c i s i o n  and lower r a d i a t i o n  dose t o  the  s u b j e c t  i s  p o s s i b l e  w i t h  t h i s  technique .  
F u r t h e r ,  the  p o r t a b l e  n a t u r e  o f  t h e  238Pu,Be and 252Cf sources  p e r m i t s  the u s e  o f  
mobi le  a c t i v a t i o n  f a c i l i t i e s  t h a t  can be brought  t o  the p o p u l a t i o n  of i n t e r e s t  e a s -  
i l y  and economical ly  . 

There a r e  numerous advantages t o  t h e  use  of ' 'por table"  sources  f o r  t h e  mea- 

e .  Approach. 

R&D Methodoloev 

The work i s  conducted a s  d e s c r i b e d  i n  s e c t i o n s  ~ O C . ,  20d., and 20f. ,  and i s  
i n  conformance with g e n e r a l l y  accepted methodology f o r  i n v e s t i g a t i o n s  of t h i s  
c h a r a c t e r .  

Management Contro 1s 

F i s c a l  c o n t r o l  w i l l  be e x e r c i s e d  i n  the  form o f  monthly comparisons,  over t h e  
t a s k  term, of  a c t u a l  c o s t s  i n c u r r e d  a g a i n s t  corresponding l i n e  i t e m s  of t h e  
b u d g e t .  Technica l  r e s u l t s  s h a l l  be monitored through a p e r i o d i c  review, by t h e  
C o n t r a c t o r  Task Manager, of accomplishments by measuring a c t u a l  performance as 
compared t o  expected p r o g r e s s .  A l l  work s h a l l  be conducted i n  conformance w i t h  
g e n e r a l l y  accepted s t a n d a r d s  f o r  E&D and o t h e r  i n v e s t i g a t i v e  o r  a n a l y t i c  p r o c e d u r e s ,  
a s  observed by u n i v e r s i t i e s  and l a r g e  independent r e s e a r c h  f a c i l i t i e s  inc luding  
Brookhaven Nat iona l  Labora tory .  
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KCD = 75.6 I n  TWE - 165.6 

LCD = 8.43 I n  TWE - 22.8 
and 

I 

CODE WP NUMBER TASK NO. REV. NO. 
BNL 0 

The frequency of abnormal kidney dysfunct ion  was a l s o  examined i n  
terms o f  t h e  exposure estimates. A l o g i s t i c  dose-response was obta ined  with t h e  
f o l l o w i n g  e q u a t i o n :  

l o g i t  p = 1.232 In TWE - 8.34 

where p is p r o b a b i l i t y  of  having kidney dysfunct ion .  When t h i s  curve was examined . 
f u r t h e r ,  i t  w a s  e v i d e n t  t h a t  a s i g n i f i c a n t  i n c r e a s e  i n  kidney dysfunct ion  occurs  
a t  exposures  above 400-500 &/m3 x y r .  

3. An improved i n s t r u m e n t  was developed f o r  t h e  measurement of l iver  
and k idney  cadmium by i n  v i v o  neut ron  a c t i v a t i o n  a n a l y s i s  i n  bo th  o c c u p a t i o n a l l y  
and e n v i r o n m e n t a l l y  exposed p e r s o n s .  Detai led c a l i b r a t i o n s  of  t h e  instrument  were 
made i n  a s tudy  of 50 male workers a t  an i n d u s t r i a l  p l a n t  i n  Cleveland t h i s  y e a r .  
The importance o f  a c c u r a t e  organ l o c a l i z a t i o n  by u l t r a s o u n d  i s  s t r e s s e d ,  wi thout  
which e r r o r s  o f  40 and 254 i n  i n d i v i d u a l  and group kidney measurements, respec-  
t i v e l y ,  can o c c u r .  The d e t e c t i o n  l i m i t  i s  1.5 mg cadmium i n  the  kidney and 1.8 
mg/g ( w e t  weight )  i n  t h e  l i v e r  f o r  a l o c a l  dose of  2.0 mSv. This  ins t rument ,  
t h e r e f o r e  , combines t h e  advantages o f  p o r t a b i l i t y  with h igh  s e n s i t i v i t y  of  d e t e c -  
t i o n  o f  cadmium. F u r t h e r ,  t h e  employment o f  252Cf neutron sources  avoids  t h e  
d i f f i c u l t i e s  involved i n  t r a n s p o r t i n g  Pu sources  through New York Ci ty .  

-- 

11. Nuclear Resonance S c a t t e r i n g  

A t echnique  f o r  the  measurement o f  body i r o n  u t i l i z i n g  n u c l e a r  r e s o n a n t  
s c a t t e r i n g  of  g a m  rays  has  been developed and v a l i d a t e d .  From t h i s  p r o t o t y p e  
s t u d y ,  a f u l l  s c a l e  f a c i l i t y  w a s  d e v e l o  ed and a p p l i e d  i n  a c l i n i c a l  s tudy .  Pho- 
tons (847 keV) e m i t t e d  from a gaseous 5gMnC12 source  (prepared  i n  t h e  BNL Medical 
Reac tor )  are s c a t t e r e d  r e s o n a n t l y  from 56Fe p r e s e n t  i n  t h e  l i v e r  and h e a r t .  
s p a t i a l  u n i f o r m i t y  o f  a c t i v a t i o n ,  t h e  s e n s i t i v i t y  o f  t h e .  d e t e c t i o n  system, and t h e  
l i m i t s  o f  d e t e c t i o n  have been i n v e s t i g a t e d .  Measurements were made on a l iver ,  
h e a r t  phantom and 30 tha lassemic  p a t i e n t s .  The resonance s c a t t e r i n g  technique 
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Measurements w i l l  be made on six-hundred normal white  women, age 20-80 y e a r s ,  o f  
bone mass and of  the  p u t a t i v e  de te rminants  of o s t e o p e n i a .  Ral f  t h e s e  women w i l l  

’ have the  bone mass measurements repeated.  annual ly  f o r  4 y e a r s .  The same measure- 
ments w i l l  be made i n  100 women wi th  the  c r u s h  f r a c t u r e  syndrome and 100 women 

I with  f r a c t u r e s  of the  femur. As a r e s u l t  of t h i s  s t u d y ,  i t  should be p o s s i b l e  t o  
make recommendations as t o  how t o  maximize s k e l e t a l  mass and prevent  f r a c t u r e s  o f  
the proximal femur and s p i n e .  

B. The i n f l u e n c e  of  1,25(0H vi tamin  D (ROCALTROL) a d m i n i s t r a t i o n  on 2 bone marrow and o t h e r  parameters  o f  calcium homeos tas i s  i n  o s t e o p o r o t i c  p a t i e n t s  
is  be ing  e v a l u a t e d .  This is p a r t  o f  a m u l t i c e n t e r  s tudy  by Hoffman LaRoche t o  
e v a l u a t e  t h e  e f f i c a c y  of t h i s  new v i t a m i n .  This  i s  a c o l l a b o r a t i v e  s tudy  between 
Brookhaven and Nassau H o s p i t a l  (Dr. J. A l o i a ) .  To d a t e ,  42 p a t i e n t s  have been 
s t u d i e d .  

C. Eva lua t ion  o f  Body Composition and Nitrogen D i s t r i b u t i o n  i n  Renal 
P a t i e n t s  on Chronic D i a l y s i s  

T o t a l  body p r o t e i n  ( n i t r o g e n ) ,  l e a n  body mass ( p o t a s s i u m ) ,  f a t  and 
water  were measured i n  r e n a l  p a t i e n t s  on hemodia lys i s .  
means of prompt gamma neutron a c t i v a t i o n  a n a l y s i s ;  t o t a l  body water  w a s  determined 
with t r i t i u m - l a b e l e d  w a t e r ,  and potassium was measured by whole body count ing .  

Nitrogen was measured by 

When a d j u s t e d  f o r  body s i z e ,  t h e  p r o t e i n  s t o r e  and lean  body mass of  
the  r e n a l  p a t i e n t s  were w i t h i n  t h e  normal range.  
weight  of  the male  r e n a l  p a t i e n t s  was lower than  t h a t  o f  normal males, t h e i r  body 
p r o p o r t i o n s  were e s s e n t i a l l y  normal. This f i n d i n g  s u g g e s t s  t h a t  new s t a n d a r d s  of 
n u t r i t i o n a l  s t a t u s  a r e  needed f o r  p a t i e n t s  wi th  r e n a l  f a i l u r e .  

Thus,  a l t h o u g h  t h e  mean body 

It was concluded t h a t  i t  i s  p a r t i c u l a r l y  important: t o  measure p r o t e i n  
s t o r e s  of  uremic p a t i e n t s  with low d i e t a r y  i n t a k e  t o  a s c e r t a i n  n u t r i t i o n a l  s t a t u s .  
The e s s e n t i a l  normalcy of  the  p a t i e n t s  s t u d i e d  s u g g e s t s  t h a t  d i a l y s i s  minimizes 
any r e s i d u a l  e f f e c t s  of  uremic t o x i c i t y  o r  ‘ p r o t e i n  c a l o r i e  m a l n u t r i t i o n .  
F i n a l l y ,  the  u s e  o f  i n  v i v o  measurement o f  t o t a l  body n i t r o g e n  and potassium f o r  
d e t e r m i n a t i o n  o f  body composi t ion p r o v i d e s  a s i m p l e ,  direct, and a c c u r a t e  assess- 
ment of the n u t r i t i o n a l  s t a t u s  o f  uremic p a t i e n t s  on d i a l y s i s .  

D. Other Therapies  

The s tudy of  t h e  e f f e c t s  o f  combination therapy  ( w i t h  growth hormone 
and c a l c i t o n i n )  which s imul taneous ly  s t i m u l a t e s  bone format ion  and i n h i b i t s  bone 
r e s o r p t i o n  i n  o s t e o p o r o t i c  p a t i e n t s  was cont inued .  To d a t e ,  100 p a t i e n t s  were 
s t u d i e d  before  and a f t e r  one-to-two y e a r s  of  growth hormone-calci tonin therapy .  
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Development of  a new technique  f o r  the  i n ' v i v o  measurement of  r o t a 1  body -- 
carbon and p o s s i b l y  oxygen has  been i n i t i a t e d .  The source of  neut rons  for t h i s  
s tudy  is  a m i n i a t u r e  neut ron  g e n e r a t o r  c u r r e n t l y  on loan from Sandia .  It is  
planned t o  s tudy phantoms f i r s t  and e v e n t u a l l y  t o  c o n s t r u c t  a p a t i e n t  a c t i v a t i o n  
f a c i l i t y .  This w i l l  r e q u i r e  a m o d i f i c a t i o n  o f  t h e  p u l s e  r a t e  from 100 p u l s e / s e c  
t o  2000 p u l s e / s e c  f o r  the g e n e r a t o r .  This can be accomplished by Sandia Labs v i a  
DOE c o n t r a c t .  

Medical a p p l i c a t i o n  o f  the  gamma r a d i a t i o n  generated by t h e  UV r i n g  of  
t h e  NSLS i s  being i n v e s t i g a t e d .  P h o t o a c t i v a t i o n  w i l l  be  used f o r  the measurement 
of C, N ,  and 0. The main advantage o f  t h i s  technique is i t s  narrow energy d i s t r i -  
b u t i o n  of gamma r a y s  which permit  t i s s u e  composi t ion measurements i n  v ivo .  

ExDected P r o e r e s s  i n  M 1985. 

The g e n e r a l  o b j e c t i v e s  w i l l  be a s  i n d i c a t e d  above. The major s t u d i e s  pro- 
posed a r e  of several v e a r s  d u r a t i o n .  The t r a i l e r - m o u n t e d  PGNAA f a c i l i t y  has  been 
modif ied t o  employ 252Cf i n  p lace  o f  238Pu,Be f o r  ease  i n  moving around t h e  coun- 
try.  Severa l  f i e l d  s t u d i e s  of  workers i n  Cd b a t t e r y  p l a n t s  and o t h e r  i n d u s t r i a l  
s i t e s  a r e  being planned.  

PGNAA, i n e l a s t i c  s c a t t e r i n g ,  and n u c l e a r  resonance s c a t t e r i n g  techniques a r e  
be ing  developed f o r  -- i n  v i v o  measurement of  t o x i c  meta ls  (mercury).  ' Cardinal  to 
a l l  t o x i c o l o g i c a l  s t u d i e s  o f  Cd, S i ,  B e ,  Pb, and o t h e r  meta l  p o l l u t a n t s  is an accu- 
r a t e  and s e n s i t i v e  noninvas ive  technique  f o r  measuring organ burdens.  

The PGNAA technique  f o r  measuring TBN w i l l  cont inue  t o  be used t o  s tudy i n t e r -  
r e l a t i o n s h i p s  among n u t r i t i o n  and body cornposition i n  normal s u b j e c t s ,  s u r g i c a l  
p a t i e n t s ,  cancer  p a t i e n t s ,  and obese s u b j e c t s  on v a r i o u s  d i e t s .  

I n  keeping w i t h  the  m i s s i o n  of Brookhaven, t h e s e  unique f a c i l i t i e s  w i l l  be  
made a v a i l a b l e  t o  q u a l i f i e d  s c i e n t i s t s  and members of t h e  medica l  community 
throughout  t h e  c o u n t r y  as i n  the  p a s t .  . 

Expected Progress i n  FY 1986. 

S t u d i e s  w i l l  b e  designed i n  o r d e r  t o  accomplish t h e  v a r i o u s  aims discussed  i n  
t h i s  task  proposa l .  S p e c i f i c  d i r e c t i o n  f o r  FYI86 w i l l  be determined by t h e  re- 
s u l t s  ob ta ined  d u r i n g  FYI85 and by t h e  amount and type of r e s o u r c e s  a v a i l a b l e  f o r  
t h i s  t a s k .  
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C. In  Vivo Measurement of Lithium i n  the  B r a i n  

. . A  method f o r  -- i n  v ivo  measurement -of  l i t h i u m  l e v e l s  in' t h e  .buman b r a i n  
w a s  developed.  
p r e s e n t  i n  the  b r a i n  i n t e r a c t s  with neut rons  by the  6Li ( n , a )  T r e a c t i o n  r e s u l t i n g  
i n  e n e r g e t i c  r e c o i l i n g  t r i t i u m  atoms. 
q u i t e  i n e r t  and i t s  s o l u b i l i t y  i n  body t i s s u e s  a n d . f l u i d s  is s m a l l ,  t h e  g a s  i s  
r e a d i l y  exhaled .  The t r i t i a t e d  hydrogen exhaled is  i s o l a t e d  from o t h e r  gases  i n  
t h e  b r e a t h  and counted i n  a low-background p r o p o r t i o n a l  c o u n t e r .  

I n  t h i s  technique ,  t h e  b r a i n  is  i r r a d i a t e d  w i t h  neut rons  and hi 

Since the  t r i t i u m  i n  t h e  form of  HT is  

To d a t e ,  the performance of  t h e  system h a s  been i n v e s t i g a t e d  by 
examining t h e  q u a n t i t a t i v e  measurement of  t h e  recovery of hydrogen, " t r i t i u m "  back- 
ground i n  unexposed i n d i v i d u a l s ,  and t h e  n a t u r a l  background o f  t h e  c o u n t e r s .  A pa- 
t i e n t  t r e a t e d  wi th  t h e r a p e u t i c  l e v e l s  of  L i  w i l l  e x h a l e  t r i t i u m  a c t i v i t y  of  about  
70c/day a f t e r  r e c e i v i n g  a neut ron  dose of about  1 rem t o  t h e  b r a i n  c o n t a i n i n g  ap- 
proximate ly  1 mg o f  L i .  
9OOc /day. 

I f  6Li i s  used as  a drug ,  t h e  a c t i v i t y  w i l l  i n c r e a s e  io 

C u r r e n t l y ,  i t  i s  planned t o  per fonn .an ima1 s t u d i e s  (on sheep)  on t h e  
e x h a l a t i o n  r a t e  o f  t r i t i u m  and e s t a b l i s h  conversion c o n s t a n t s  and c a l i b r a t i o n  pro- 
cedures  u s i n g  phantoms. 

Expected P r o g r e s s  i n  FY 1984. 

I. Prompt Gama Neu-tron A c t i v a t i o n  Analysis  (PGNAA) 

A .  Cadmium 

The s tudy  of the  r e l a t i o n s h i p  between high l i v e r  and kidney concentra-  
t i o n s  of Cd and kidney damage i n  i n d u s t r i a l l y  exposed workers i n  a p l a n t  i n  
Cleveland were be concluded with the  use of t h e  prompt gamma f a c i l i t y .  Approxi- 
mately 50 workers were examined. These workers were i d e n t i f i e d  by a.NIOSH survey 
o f  t h e  p l a n t .  
o r  c igare t te -smoking-re la ted  l e v e l s .  
completed i n  FY84. 

Exposures were moderate y e t  s i g n i f i c a n t l y  h i g h e r  than  environmental  
A complete workup of t h e s e  workers w i l l  b e  

A major  q u e s t i o n  concerning h e a l t h  r e s e a r c h e r s  is  t h e  c r i t i c a l  concen- 
t r a t i o n  of  cadmium i n  the l i v e r  and kidney.  A p a u c i t y  o f  d a t a  h a s  r e s u l t e d  from 
t h e  l a c k  of  an adequate  technique for i n  v i v o  measurement o f  Cd. With t h e  
mobile  prompt gamma neutron a c t i v a t i o n  f a c i l i t y ,  f u r t h e r  f i e l d  s t u d i e s  w i l l  be per -  
formed t o  o b t a i n  d a t a  on the  l e v e l s  of Cd i n  v a r i o u s  groups of  i n d u s t r i a l  workers.  

-- 
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An x-ray machine ($25,000) w i l l  be needed t o  improve the  s e n s i t i v i t y  of  the 
x-ray f luorescence  technique  which is used f o r  i n  v i v o  Pb measurements. The ma- 
c h i n e  w i l l  be used t o  provide a f i l t e r e d ,  p o l a r i z e d  x-ray beam. 

The 54 d e t e c t o r s  used i n  t h e  Whole Body Counter were o r i g i n a l l y  b u i l t  i n  1967 

Repair  c o s t s  vary between $1,000 and $3,000 per  c r y s -  
and now have a f a i l u r e  r a t e  o f  J l O  c r y s t a l s  per  y e a r .  The maximum .replacement 
c o s t  p e r  c r y s t a l  is  $6,000. 
t a l .  I n  FY 1986 $18,000 i s  r e q u e s t e d  f o r  t h e  replacement of d e t e c t o r s .  

Expansion o f  t h e  Department VAX computer system is r e q u i r e d  s i n c e  t h e  
e x i s t i n g  U N I B U S  c a b i n e t  is f u l l y  u t i l i z e d .  
added, a second UNIBUS c a b i n e t  is  n e c e s s a r y .  
performance may be achieved by adding  a n o t h e r  mass bus i n t e r f a c e .  
q u i r e  another  CPU expansion c a b i n e t .  
a l l o c a b l e  to  t h i s  program is  $6,000. 

Before any a d d i t i o n a l  equipment can be 
A d d i t i o n a l l y ,  g r e a t e r  i n p u t / o u t p u t  

This w i l l  re- 
The t o t a l  c o s t  o f  the  proposed expansion 
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