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SUMMARY 

The 201T1C1 so lu t i on  i s  used i n  Nuclear Medicine f o r  myocardial 
v i s u a l i z a t i o n .  201T1 i s  a cyclotron-produced radioisotope, obtained i n d i r e c t l y  
from t h e  decay o f  201Pb o r  d i r e c t l y  by i r r a d i a t i n g  mercury w i t h  protons. I n  
t h i s  work, 201T1 was obtained by i r r a d i a t i n g  a na tu ra l  mercury t a r g e t  w i t h  
protons i n  the  energy range o f  24 t o  19 MeV, us ing the IPEN’s CV-28 cyc lot ron.  
Range ca l cu la t i ons  o f  protons i n  t h e  ta rge ts  and i n  the  ma te r ia l s  used t o  
degrade the  proton beam energy were made. A t  t he  end o f  t h e  bombardment o f  a 
329 pm thickness ( 6  MeV th ickness)  t a r g e t  o f  na tu ra l  m e t a l l i c  mercury w i t h  19 
MeV protons provided a y i e l d  o f  10 MBq 201Tl/pA.h. 
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INTRODUCTION 

The rad ionucl ide ‘OIT1 i s  used i n  the  diagnosis o f  myocardial 
ischemia and myocardial i n f a r c t  i n  Nuclear Medicine. The most comon way t o  
produce 201T1 i s  through the  203Tl(p,3n) 201Pb-201Tl reac t i on .  Th is  reac t i on  
requ i res  proton energy o f  about 28 MeV. Due t o  the  maximum proton energy (24 
MeV) o f  IPEN’s CV-28 cyc lot ron,  s tud ies were made concerning the i r r a d i a t i o n  
cond i t i ons  o f  na tu ra l  mercury oxide p e l l e t s  and drops o f  na tu ra l  m e t a l l i c  
mercury w i t h  24, 20 and 19 MeV proton beam, through the  reac t i on  
202Hg(p,2n) 201T1. A t a r g e t  holder made w i t h  aluminium was used and i t  had 
water coo l i ng  i n  the  f r o n t  and back o f  t he  t a r g e t .  The water and windows 
laye rs  were adequated todegrade t h e  proton beam energy from 24 MeV t o  19 MeV. 

EXPERIMENTAL 

Targets o f  na tu ra l  mercury oxide p e l l e t s  w i t h  815 mg/cm2,509 mg/cm2 
and 445 mg/cm2, and drops o f  na tu ra l  m e t a l l i c  mercury w i t h  445 mg/cm2 were 
i r r a d i a t e d  i n  t h e  c y c l o t r o n  model CV-28 o f  t he  Cyclot ron Cor o r a t i o n  - U.S.A. 

f o r  1 hour w i t h  beam cu r ren t  o f  1,7 pA (measured using a Faraday cup), w i t h  

i n s t a l l a t e d  a t  IPEN.  The ta rge ts  o f  815 mg/cm2 and 509 mg/cm ! were i r r a d i a t e d ,  
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Targe t  
Thickness 
(mg/cm2 

HgO (815) 

HgO (509) 

i n c i d e n t  p ro ton  beam energy o f  24 MeV and 20 MeV, r e s p e c t i v e l y ,  u s i n g  a s t e e l  
t a r g e t  ho lde r  w i t h  back water  c o o l i n g .  Fo r  t h e  t h i n  t a r g e t  i r r a d i a t i o n  
(Hg0:445 mg/cm2 and Hg0:445 mg/cm2) a t a r g e t  h o l d e r  made o f  a luminium was 
f a b r i c a t e d  and i t  was water  coo led  i n  t h e  f r o n t  and i n  t h e  back o f  t h e  t a r g e t  
( F i g u r e  1 ) .  T h i s  t a r g e t  h o l d e r  a l l owed  b e t t e r  t a r g e t  c o o l i n g  and i r r a d i a t i o n s  
w i t h  beam c u r r e n t s  o f  2,6 FA d u r i n g  1 hour w i t h  p r o t o n  beam energy o f  19 MeV. 
The i n c i d e n t  beam energy on t h e  t a r g e t  was reduced t o  19 MeV due t h e  water  
l a y e r  and t h e  m a t e r i a l s  used as window. Be fo re  reach ing  t h e  t a r g e t  t h e  p r o t o n  
beam passed th rough one aluminium c o l l i m a t o r  ( 0  lOmm), an aluminium h o l d e r  
cover (200 pin t h i c k ) ,  a channel  f o r  water  (1,2 mm t h i c k ) ,  an aluminium window 
(150 pm t h i c k )  and a tan ta lum window (10 pm t h i c k ) .  The range c a l c u l a t i o n s  o f  
p ro tons  i n  t h e  t a r g e t s  and i n  t h e  m a t e r i a l s  used t o  degrade t h e  p r o t o n  beam 
energy were made u s i n g  t h e  d a t a  t a b l e s  f rom Wi l l iamson,  C.F. e t  a l ( 5 ) .  

bombardment was c a l c u l a t e d  measur ing t h e  a c t i v i t y  o f  1 m l  o f  t h e  d i s s o l v e d  
t a r g e t  s o l u t i o n  u s i n g  a Ge ( L i )  d e t e c t o r  coup led  t o  a 4096 mu l t i channe l  
ana lyzer .  

u t i l i z i n g  t h e  e x t r a c t i o n  chromatography techn ique.  Colums o f  g lass  were 
packed w i t h  Vol  t a l e f  powder ( p o l y t r i f  l u o r o c h l  oroethy1ene)lcyclohexane. Thal 1 i um 
was e l u t e d  from t h e  column w i t h  h o t  s o l u t i o n  o f  10% hyd raz ine  d i h y d r ~ c h l o r i d e ( ~ ) .  

The ‘OITIC1 s o l u t i o n  was prepared and sub jec ted  t o  d i f f e r e n t  
q u a l i t y  c o n t r o l  processes r e q u i r e d  f o r  i t s  use i n  Med ic ine .  The r a d i o n u c l i d i c  
p u r i t y  was performed by mu l t i channe l  pu l se -he igh t  ana lys i s ,  us ing  a Ge(Li  
d e t e c t o r  ( F i g u r e  21, and t h e  c o n c e n t r a t i o n  o f  mercury i m p u r i t y  (10  a 30 ng/ml)  
was checked v i a  a c t i v a t i o n  a n a l y s i s  u s i n g  f a s t  neu t rons (4 ) .  

The y i e l d  o f  2ooT1, 201T1 and 202T1 i n  t h e  end o f  t a r g e t  

The chemical  separa t i on  o f  t h a l l i u m  f rom mercury was made 

RESULTS AND DISCUSSION 

I n c i d e n t  F i n a l  Y i e l d  (EOB) 
P ro ton  P ro ton  (MBq/pAh 1 
Energy (MeV) Energy (MeV) 

‘O0T1 ‘OIT1 ‘02T1 

24 14 20,2 14,5 0,36 

20 14 12,o 9,5 0,19 

Tab le  1 and Tab le  2 ,  r e s p e c t i v e l y ,  g i v e  t h e  p roduc t i on  y i e l d s  o f  
2ooT1, 201T1 and 202T1 a t  t h e  end o f  bombardment f o r  t h e  HgO t h i c k  t a r g e t  and 
t h e  HgO, Hg t h i n  t a r g e t s .  

Table 1 - Produc t i on  y i e l d s  (EOB) o f  2ooT1, ‘OIT1 and *02T1 i n  t h e  i r r a d i a t i o n s  
o f  n a t u r a l  mercury ox ide  p e l l e t s  w i t h  p ro tons .  
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Figure 1 - Aluminium target holder with water cooling i n  the front and i n  
the back of  the target. 
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Target 
Thickness 
(mg/cm2) 

HgO (445) 

Hg ( 4 4 5 )  

Table 2 - Production y i e l d s  (EOB)  o f  2ooT1, 201T1 and 202T1 o f  t h i n  na tu ra l  
mercury t a r g e t  (445 mg/cm2) i r r a d i a t e d  w i t h  protons o f  19 MeV. 

Inc iden t  F i n a l  
Proton Proton 
Energy (MeV) Energy (MeV) 

19 13 

19 13 

2ooT1 

11,8 

11,9 
I I 

201T1 202T1 

9,5 0,19 

9,5 0,19 
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Figure 2 - Ge fL i )  spectrum o f  201TlC1 s o l u t i o n  obtained 36 hours a f t e r  t a r g e t  
i r r a d i a t i o n .  
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The r e s u l t s  showed t h a t  ‘OIT1 had a h igh l e v e l  o f  r a d i o n u c l i d i c  
impur i t i es ,  (200T1 and Zo2T1) even 36 hours, a f t e r  t he  t a r g e t  i r r a d i a t i o n .  This 
contamination comes from the  f a c t  t h a t  t he  t a r g e t  used f o r  i r r a d i a t i o n  was o f  
na tu ra l  mercury which i s o t o  e composition (204Hg:7%; 202Hg: 30%; 201Hg: 13%; 
2ooHg: 23%; 199Hg: 17% and y98Hg: 10%) leads t o  t h i s  r a d i o n u c l i d i c  impur i t y (1 ) .  

th ickness)  t a r g e t  o f  na tu ra l  m e t a l l i c  mercury w i t h  19 MeV protons rov ided  a 
y i e l d  o f  around 10 MBq 201Tl/pAh. I f  one employs a 98,6% enriched jo2Hg t a r g e t  
under the  i r r a d i a t i o n  condi t ions mentioned above, t he  201Tl y i e l d  w i l l  be 
around 33 MBq/pAh. This y i e l d  value i s  smaller than the  one obtained by 
B i r a t t a r i  e t  a l . ( l ) :  51 MBq/pAh ( a f t e r  t h e  decay t ime o f  60 hours from the  EO6 
f o r  a 98,6% enriched 202Hg, 6 MeV, t a r g e t  thickness) and by Dmit r iev,  P.P.(2): 
46 MBq/pAh ( a t  t h e  end o f  t h e  bombardment o f  a 95% enriched 202Hg, 4 MeV, 
t a r g e t  th ickness) .  

A t  the end o f  t h e  bombardment o f  a 445 mg/cm2 thickness (6  MeV 

CONCLUSIONS 

The EOB y i e l d  o f  ‘OIT1 obtained i n  t h i s  work shows the  necess i ty  
o f  improvement i n  the t a r g e t  support so t h a t  t h i s  experimental y i e l d  w i l l  be 
higher. This 201 T l C l  so lu t i on  can not  be used i n  humans unless enriched 
202Hg i s  used as ta rge t .  

tecniques i n  respect t o  ta rge t ,  t a r g e t  ho lder  f a b r i c a t i o n  and coo l i ng  system. 
This  work was usefu l  f o r  l ea rn ing  more about cyc lo t ron  i r r a d i a t i o n  
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