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ABSTRACT 

The d e t a i l s  of t h e  c o n s t r u c t i o n  and o p e r a t i o n  of a remote, 
au tomated  s y s t e m  for  t h e  p r o d u c t i o n  of oxygen-1 5 l a b e l e d  
r a d i o p h a r m a c e u t i c a l s  are d e s c r i b e d .  T h i s  s y s t e m  r o u t i n e l y  p r o v i d e s  
oxygen-15 l a b e l e d  oxygen,  c a r b o n  monoxide,  and  water d i r e c t l y  t o  t h e  
PET i m a g i n g  f a c i l i t y ,  i n  q u a n t i t i e s  and  p u r i t i e s  s u i t a b l e  for  human 
s t u d i e s .  

Keywords: r a d i o p h a r m a c e u t i c a l ,  oxygen-15, p o s i t r o n  e m i s s i o n  tomography 

INTRODUCTION 

Oxygen-1 5 l a b e l e d  r a d i o p h a r m a c e u t i c a l s  ( 150-02, 50-C0, 50-H20) 

have  become i n c r e a s i n g l y  i m p o r t a n t  f o r  s t u d i e s  of oxygen m e t a b o l i s m ,  

b l o o d  volume,  and  b l o o d  flow, r e s p e c t i v e l y ,  u s i n g  p o s i t r o n  e m i s s i o n  

tomography ( P E T I ( 1 - 3 ) .  The s h o r t  h a l f - l i f e  of oxygen-15 (2 .04  m i n )  

allows f o r  r a p i d  s e q u e n t i a l  s t u d i e s  u s i n g  any  c o m b i n a t i o n  o f  t h e s e  

t h r e e  r a d i o p h a r m a c e u t i c a l s :  f o r  example ,  i n  s t u d i e s  of r e g i o n a l  b l o o d  

flow c h a n g e s  d u r i n g  v i s u a l  s t i m u l a t i o n ,  e i g h t  i n j e c t i o n s  of 50-H20 

( e a c h  50-100 m C i )  c a n  b e  made i n  less t h a n  2 h o u r s  to ta l  time ( 4 ) .  

We and o t h e r s  have  p r e v i o u s l y  r e p o r t e d  t h e  p r o d u c t i o n  of t h e s e  

oxygen-15 r a d i o p h a r m a c e u t i c a l s  i n  q u a n t i t i e s  and  r a d i o c h e m i c a l  p u r i t i e s  

s u i t a b l e  for  human s t u d i e s  ( 5 - 1 1 ) .  I n  o u r  i n s t i t u t i o n ,  t h e s e  

r a d i o p h a r m a c e u t i c a l s  are u s e d  m u l t i p l e  times e a c h  day .  The r e l i a b l e  and 

r o u t i n e  p r o d u c t i o n  of t h e s e  r a d i o p h a r m a c e u t i c a l s  ( o v e r  1900 

p r e p a r a t i o n s  i n  1 9 8 4 )  h a s  r e q u i r e d  c o n s t r u c t i o n  of a remote, a u t o m a t e d  

a p p a r a t u s  f o r  p r o d u c t i o n  and d e l i v e r y .  We d e s c r i b e  h e r e  t h e  d e t a i l s  of 

o u r  p r e s e n t  s y s t e m .  
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EXPERIMENTAL 

M. J .  Welch and M. R. Kilbourn 

The oxygen-15 p r o d u c t i o n  s y s t e m  c a n  b e  b r o k e n  down i n t o  t h r e e  

s e c t i o n s :  ( 1 )  t h e  c y c l o t r o n  target, ( 2 )  t h e  gas t r a n s p o r t  l i n e s  and  

f u r n a c e s  f o r  c h e m i c a l  c o n v e r s i o n s ,  and (3) t h e  a u t o m a t e d  b u b b l i n g  

s y s t e m  for  t h e  p r o d u c t i o n  of 150-H20. 

C y c l o t r o n  target.  The c y c l o t r o n  target is e s s e n t i a l l y  t h e  same as 

was i n s t a l l e d  o n  t h e  beam l i n e  i n  1972 ( 1 2 ) .  The target i s  c o n s t r u c t e d  

of aluminum w i t h  a volume of 132 c c ,  c o v e r e d  i n  f r o n t  by a d o u b l e  f o i l  

assembly  u s i n g  0.25 m i l  Havar  f o i l s .  I r r a d i a t i o n s  are p e r f o r m e d  u s i n g  

t h e  Washington U n i v e r s i t y  S c h o o l  of M e d i c i n e  A l l i s - C h a l m e r s  c y c l o t r o n  

(6.2 M e V  d e u t e r o n s )  a t  a beam c u r r e n t  of 40 microamps.  

0-15 Gas H a n d l i n g  Sys tem.  The s y s t e m  f o r  t h e  p r o d u c t i o n  of t h e  

t h r e e  gases 150-02, 150-C0, and 150-C02, is a s l i g h t  m o d i f i c a t i o n  o f ,  

F i g u r e  1 .  S c h e m a t i c  of gas t r a n s f e r  s y s t e m  f o r  t h e  remote 
p r o d u c t i o n  of oxygen-15 l a b e l e d  g a s e s .  
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and a n  improvement  on, a s y s t e m  which  h a s  been  i n  o p e r a t i o n  f o r  1 2  

y e a r s .  The s y s t e m  is shown s c h e m a t i c a l l y  i n  F i g u r e  1 .  T h e r e  are t h r e e  

s e p a r a t e  b u t  i n t e r c o n n e c t e d  gas t r a n s f e r  l o o p s ,  c o n s t r u c t e d  u s i n g  3 / 1 6  

i n c h  OD n i c k e l  t u b i n g  and a i r  d r i v e n  b a l l  v a l v e s  (Whi tey  Model 131SR).  

The c h a r c o a l  f u r n a c e s  are c o n s t r u c t e d  u s i n g  ceramic t u b e s  ( 1 4  i n .  l o n g ,  

1 i n .  d i a . ,  McDanel R e f r a c t o r y  P o r c e l a i n  Co ,  PA) and  h e a t e d  w i t h  

L i n d b e r g  f u r n a c e s .  The c a r b o n  d i o x i d e  t r a p s  ( 1 2  i n .  l o n g ,  0.5 i n .  d i a . )  

o n  t h e  150-0 and 150-C0 l i n e s  are f i l l e d  w i t h  4-8 mesh s o d a  lime 

( F i s h e r  S c i e n t i f i c )  The t o t a l  volume of e a c h  l o o p  i s  a p p r o x i m a t e l y  350 

cc ( i n c l u d i n g  target) .  

2 

F o r  150-C02 and  150-02 p r o d u c t i o n ,  t h e  target and  l o o p  are f i l l e d  

w i t h  2% oxygen i n  n i t r o g e n  ( 1 5  p s i ) .  For p r o d u c t i o n  of 150-C0, t h e  

target and  a p p r o p r i a t e  l o o p  are f i l l e d  w i t h  n i t r o g e n  ( 1 5  p s i ) .  D u r i n g  

i r r a d i a t i o n ,  t h e  target gas is c i r c u l a t e d  a t  t h e  f low rate of 3 L/min 

u s i n g  a large p e r i s t a l t i c  pump. A t  t h e  p o i n t  where  s u f f i c i e n t  

oxygen-15 h a s  been  produced  ( u s u a l l y  3 microamp-hour) ,  t h e  150-02 and 

150-C0 are s e n t  d i r e c t l y  to t h e  PET imaging f a c i l i t y  v i a  l i n e  L l ,  u s i n g  

a b o l u s  of h i g h  p r e s s u r e  n i t r o g e n .  T h e r e  t h e  gas is c o l l e c t e d  i n  a 

s t e r i l e  b r e a t h i n g  b a g  l o c a t e d  i n  a s h i e l d e d  car t ,  m o n i t o r e d  by a CsF 

d e t e c t o r .  A s  a n  a l t e r n a t i v e ,  t h e  r a d i o a c t i v e  gases c a n  b e  c o l l e c t e d  i n  

a s te r i le  b r e a t h i n g  b a g  l o c a t e d  i n s i d e  a wide-bore  i o n i z a t i o n  chamber .  

For 50-H20 p r o d u c t i o n  t h e  50-C02 is r o u t e d  t o  t h e  b u b b l i n g  a p p a r a t u s ,  

as d e s c r i b e d  below.  

Oxygen-15 water p r o d u c t i o n .  The 150-H 0 i s  produced  by t h e  

exchange  of 150-C02 w i t h  water, as p r e v i o u s l y  d e s c r i b e d  16). The 

a p p a r a t u s  u s e d  is shown i n  F i g u r e  2. The 150-C02 produced  i n  t h e  gas 

l o o p  and  target i s  b u b b l e d  t h r o u g h  a s p e c i a l l y  d e s i g n e d  b a g  (Medex I n c ,  

H i l l i a r d ,  O h i o )  h e l d  i n  a 2 i n c h  d i a .  i o n i z a t i o n  chamber  ( t h e  r e a d o u t  

from t h i s  i o n i z a t i o n  chamber  i s  d i s p l y e d  a t  t h e  c y c l o t r o n  c o n t r o l  

d e s k ) .  The b a g  is f i l l e d  w i t h  8-10 m l  of s te r i le  s a l i n e  p r i o r  t o  

c y c l o t r o n  target bombardment. B u b b l i n g  i s  a c c o m p l i s h e d  u s i n g  the  

p e r i s t a l t i c  pump: a f te r  p a s s i n g  t h r o u g h  t h e  b u b b l i n g  b a g  and  t h r o u g h  a 

d r y i n g  tower (Ca;lS04), t h e  gas i s  r e c i r c u l a t e d  back  i n t o  the  target for 

2 
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F i g u r e  2. Remote a p p a r a t u s  for  p r o d u c t i o n  of 0-15 l a b e l e d  
water v i a  e x c h a n g e  be tween 0-15 c a r b o n  d i o x i d e  
and  water. 

f u r t h e r  i r r a d i a t i o n .  

When s u f f i c i e n t  150-H20 h a s  b e e n  p r o d u c e d  ( u s u a l l y  150 m C i )  , t h e  

b u b b l i n g  i s  s t o p p e d ,  a n d  t h e  c o n t e n t s  of t h e  b a g  drawn i n t o  a s t e r i l e  

12 ml s y r i n g e  u s i n g e  t h e  p n e u m a t i c  p i s t o n .  The s y r i n g e  i s  c a p p e d  w i t h  a 

r u b b e r  septum. When f u l l ,  t h e  s y r i n g e  is a u t o m a t i c a l l y  i n j e c t e d  ( u s i n g  

a s h o r t  b l a s t  of c o m p r e s s e d  a i r )  i n t o  t h e  p n e u m a t i c  t r a n s f e r  s y s t e m ,  

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

i n t o  a n  i o n i z a t i o n  chamber .  

Q u a l i t y  c o n t r o l .  S t r i c t  q u a l i t y  c o n t r o l  p r o c e d u r e s  h a v e  been  

i n s t i t u t e d  w i t h  t h i s  s y s t e m .  R a d i o n u c l i d i c  and r a d i o c h e m i c a l  p u r i t i e s  

are d e t e r m i n e d  by gas c h r o m a t o g r a p h y  ( C C )  u s i n g  a V a r i a n  3700 

c h r o m a t o g r a p h  f i t t e d  w i t h  a gas s a m p l i n g  v a l v e , a  CTR I column ( A l l t e c h  

Assoc.), and gas p r o p o r t i o n a l  c o u n t e r  (13). TheCTR I column u s e d  has  

c o n c e n t r i c  c o l u m n s ,  w i t h  a n  i n n e r  column of 6 '  x 1/8 i n .  Porapak  and  a n  
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T a b l e  1 .  R a d i o n u c l i d i c  and r a d i o c h e m i c a l  p u r i t i e s  of oxygen-15 
l a b e l e d  gases produced  i n  remote s y s t e m .  A n a l y s i s  by 
gas chromatography (CTR I column,  h e l i u m  ca r r i e r  g a s :  
see E x p e r i m a n t a l ) .  V a l u e s  shown were d e t e r m i n e d  a t  
EOB + 2 m i n u t e s .  

15 
*2 

i m p u r i t i e s  

c1 5~ c1502 

''NN 1-2% 1-2% 1-2% 

c1 5~ 0- -5  --- 
c1 5~~ 0-.5 0-.5 --- 

5~~ --- 0-.5 0-.5 

1-2 

o u t e r  column of 6' x 1 1 4  i n .  a c t i v a t e d  m o l e c u l a r  s i e v e .  T h i s  column is 

c a p a b l e  of s e p a r a t i n g  N 2, 02, CO, and C02. For 150-02 and 150-C0, t h e  

r a d i o n u c l i d i c  ( '  3N-N ) and r a d i o c h e m i c a l  ( '  50-C0 1 i m p u r i t i e s  be  

k e p t  to  a minimum. For 150-C02, t h e  r a d i o n u c l i d i c  and p o s s i b l e  

r a d i o c h e m i c a l  i m p u r i t i e s  ( 50-C0, ' 50-02 1 are of n o  c o n s e q u e n c e ,  as 

t h e y  are n o t  t r a p p e d  i n  t h e  s a l i n e  d u r i n g  t h e  b u b b l i n g  p r o c e d u r e  u s e d  

to  produce  150-H20. 

must  2 2 

The t y p i c a l  r a d i o n u c l i d i c  and r a d i o c h e m i c a l  i m p u r i t i e s  o b s e r v e d  i n  

t h e  0-15 l a b e l e d  gases are shown i n  T a b l e  1 .  T h e s e  l e v e l s  of 

i m p u r i t i e s  d o  n o t  i n t e r f e r e  w i t h  s u b s e q u e n t  PET s t u d i e s .  A n a l y s i s  of 

t h e  gases i s  per formed a t  least  b i -weekly ,  and  more o f t e n  i n  times of 

heavy c y c l o t r o n  u s a g e .  I n c r e a s e s  i n  the amounts  of i m p u r i t i e s  a r e  

t h e n  q u i c k l y  n o t e d  and  c o r r e c t i v e  m e a s u r e s  ( w a s h i n g  of s y s t e m  t u b i n g ,  

r e p l e n i s h m e n t  of charcoal i n  f u r n a c e s )  p r o m p t l y  t a k e n .  As a r o u t i n e  

p r o c e d u r e ,  the t r a p s  are r e p l a c e d  e v e r y  week, a n d  t h e  c h a r c o a l  l e v e l  i n  

t h e  f u r n a c e s  checked  a t  t h e  s ta r t  of e a c h  week. 

DISCUSSION 

With t h e  e v e r - i n c r e a s i n g  demand fo r  r o u t i n e  p r o d u c t i o n  of 

p o s i t r o n - e m i t t i n g  r a d i o p h a r m a c e u t i c a l s ,  it h a s  become n e c e s s a r y  t o  

d e s i g n  and c o n s t r u c t  remote o r  a u t o m a t e d  a p p a r a t u s  for  t h e i r  

p r e p a r a t i o n .  We and o t h e r  have  d e s c r i b e d ,  i n  d e t a i l ,  a p p a r a t u s  f o r  t h e  
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p r o d u c t i o n  of s e v e r a l  carbon-1 1 and f l u o r i n e - 1 8  l a b e l e d  

r a d i o p h a r m a c e u t i c a l s (  14-1 7 ) .  A p p a r a t u s  for 0-15 l a b e l e d  

r a d i o p h a r m a c e u t i c a l  p r o d u c t i o n  i s  a v a i l a b l e  from s e v e r a l  commercial 

v e n d o r s  of small m e d i c a l  c y c l o t r o n s .  However, d e t a i l s  of t h e  

c o n s t r u c t i o n  and  o p e r a t i o n  of t h e s e  s y s t e m s  i s  n o t  a v a i l a b l e ,  and  t h e  

r e l i b i l i t y  of t h e s e  a p p a r a t u s  o v e r  a l o n g  t i m e  s p a n  of heavy u s e  is n o t  

w e l l  documented.  

Methods f o r  t h e  t r a n s p o r t  of r a d i o p h a r m a c e u t i c a l s  from a c y c l o t r o n  

t o  a PET f a c i l i t y  have  b e e n  r e c e n t l y  d e s c r i b e d  by o t h e r  w o r k e r s  

( 1 8 , l g ) .  The s y s t e m  d e s c r i b e d  h e r e  i s  a m o d i f i c a t i o n  of a s y s t e m  which  

h a s  been i n  o p e r a t i o n  f o r  many y e a r s .  The a p p a r a t u s  f o r  150-H20 

p r o d u c t i o n  i s  e n t i r e l y  new, and r e p l a c e d  w h a t  had f o r m e r l y  been  a 

manual  p r o c e d u r e :  t h i s ,  i n  p a r t i c u l a r ,  h a s  g r e a t l y  r e d u c e d  r a d i a t i o n  

e x p o s u r e  to  p e r s o n n e l .  The p r e s e n t  s y s t e m  h a s  been  i n  c o n t i n u o u s  

o p e r a t l o n  f o r  more t h a n  a y e a r ,  and f o r  o v e r  2000 r a d i o p h a r m a c e u t i c a l  

p r e p a r a t i o n s .  T y p i c a l l y ,  b a t c h e s  of 50-125 M C i  of 150-H20, 200-300 m C i  

of 150-02, and 150-200 m C i  of 150-C0 are d e l i v e r e d  to t h e  PET i m a g i n g  

f a c i l i t y  . 
The e n t i r e  s y s t e m  is  c o n t r o l l e d  by t h e  c y c l o t r o n  o p e r a t o r  who is 

s e a t e d  a t  t h e  c y c l o t r o n  c o n t r o l  d e s k .  The s t e p s  i n  t h e  p r o d u c t i o n  of 

e a c h  r a d i o p h a r m a c e u t i c a l  are i n i t i a t e d  by t h e  o p e r a t o r  and c o n t r o l l e d  

by t i m i n g  s w i t c h e s .  The s y s t e m  i n  F i g u r e  1 i s  l o c a t e d  i n  t h e  c y c l o t r o n  

v a u l t ,  and t h e  a u t o m a t i c  b u b b l i n g  a p p a r a t u s  l o c a t e d  i n  a s h i e l d e d  hood 

i n  a s e p a r a t e  room, 7 meters d i s t a n t  from t h e  o p e r a t o r .  Thus,  t h e  

p r o d u c t i o n  of t h e s e  r a d i o p h a r m a c e u t i c a l s  i s  a c c o m p l i s h e d  w i t h  v i r t u a l l y  

no  r a d i a t i o n  e x p o s u r e  t o  p e r s o n n e l .  A t  p r e s e n t ,  t h e  q u a l i t y  c o n t r o l  

a n a l y s e s  are per formed m a n u a l l y  i n  a s e p a r a t e  c h e m i c a l  l a b o r a t o r y .  We 

are c u r r e n t l y  i n s t a l l i n g  a n  o n - l i n e  gas c h r o m a t o g r a p h i c  s y s t e m ,  

p o s s i b l y  m i c r o p r o c e s s o r  c o n t r o l l e d ,  which  c a n  b e  u s e d  by t h e  c y c l o t r o n  

o p e r a t o r  t o  p e r f o r m  q u a l i t y  c o n t r o l  c h e c k s  a t  any  time w i t h o u t  

d i s t u r b i n g  r a d i o p h a r m a c e u t i c a l  p r o d u c t i o n .  
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T h e r e  are s e v e r a l  i m p o r t a n t  f e a t u r e s  of t h i s  improved s y s t e m .  I n  

t h e  b u b b l i n g  a p p a r a t u s  ( F i g . 2 1 ,  t h e  b u b b l i n g  bag ,  s y r i n g e ,  t u b i n g ,  

e tc . ,  are a l l  s te r i le  and  d i s p o s a b l e .  The e n t i r e  equipment  i s  t h e n  

e a s i l y  and  q u i c k l y  r e p l a c e d  fo r  e a c h  new p a t i e n t ,  e l i m i n a t i n g  p r o b l e m s  

w i t h  s t e r i l i t y  a n d  a p y r o g e n i c i t y  of 150-H20 s a m p l e s  s e n t  t o  t h e  PET 

f a c i l i t y .  The b u b b l i n g  a p p a r a t u s  c a n  be  u s e d  t o  p r e p a r e  oxygen-15 

l a b e l e d  oxyhemoglobin  and carboxyhemoglobin ,  by t h e  b u b b l i n g  of 0-15 

l a b e l e d  oxygen or c a r b o n  monoxide ( r e s p e c t i v e l y )  t h r o u g h  a s a m p l e  of 

b l o o d  p l a c e d  i n  t h e  b u b b l i n g  bag.  F i n a l l y ,  t h e  p r o d u c t i o n  of a l l  of 

t h e  r a d i o p h a r m a c e u t i c a l s  i n  t h e  c y c l o t r o n  l a b o r a t o r y ,  from whence t h e y  

are s e n t  to  t h e  PET i m a g i n g  f a c i l i t y ,  h a s  made i t  p o s s i b l e  t o  f u r n i s h  

r a d i o p h a r m a c e u t i c a l s  t o  m u l t i p l e  i m a g i n g  d e v i c e s :  a t  p r e s e n t ,  t h e r e  are 

two PET d e v i c e s  i n  o u r  i n s t i t u t i o n ,  and two more s c h e d u l e d  f o r  

i n s t a l l a t i o n  i n  t h e  n e a r  f u t u r e .  When a l l  i n s t a l l e d ,  t h e r e  w i l l  b e  PET 

d e v i c e s  i n  t h r e e  d i f f e r e n t  b u i l d i n g s  i n  t h e  Washington U n i v e r s i t y  

Medica l  C e n t e r ,  a l l  s u p p l i e d  from o n e  c e n t r a l  c y c l o t r o n  f a c i l i t y .  
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