
Adriano Duatti 
Department of Chemical and Pharmaceutical Sciences 

University of Ferrara 
Via L. Borsari, 46, 44121 Ferrara, Italy 

dta@unife.it    
adriano.duatti@unife.it  



Summary	



WHAT’S	MOLECULAR	
IMAGING?	
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What Do We Need? 



The Machinery of  
Molecular Nuclear Imaging 

ϒ-rays 

Water 
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β+-decay 



Scintigraphic Imaging 



microSPECT imaging (1) 
Single photon emission computed tomography 

Pinhole collimator 

microSPECT imaging (1) 
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Small-Animal Scanners 





EXAMPLES	OF	RADIONUCLIDES	
HAVING	INTRINSIC	BIOLOGICAL	

PROPERTIES	



Rubidium-82  
Rb+	

•  Rubidium-82	(Rb-82)	is	produced	by	decay	of	
StronNum-82	(Sr-82)	

•  75	second	T½		
•  KineNcs:	

–  Potassium	analog	
–  High	extracNon	fracNon	at	high	flow	rates	

•  Defects	visualized	2-7	minutes	a\er	injecNon	



EFCOG Mtg-BNL 
7Oct-2010 

Production*routes*for*82Sr*

Nuclear(Reaction( Target( Projectile(
Energy((MeV)(

Comment(

89Y(p,*spallation)* Yttrium*oxide* 60=240* Low*radiopurity&*yield*
natMo(p,*spallation)* Mo*metal* 500=700* Low*radiopurity,*high*cost*
natRb(p,xn)* RbCl*or*Rb*metal* 40=90* Preferred*
natKr(�,pxn)* Kr*gas* 20=120* Low*radiopurity,*low*yield,*

little*availability*
natKr(3He,xn)* Kr*gas* 20=90* Low*radiopurity,*low*yield,*

very*little*availability*



CardioGen-82®  
(Rubidium Rb 82 Generator) 

Sr-82 

Rb-82 



CardioGen-82®  
(Rubidium Rb 82 Generator) 





4D Cardiac Images 
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ProducNon	of	Fluorine-18	



Decay of F-18 

18F 
(1.8 h) 

18O 
(stable) 

96.86% β+ 





Production = 64Ni(p,n)64Cu 
Modes of decay = β+ (17%), β- (39%),  
t1/2 = 12.701 h 
 



Copper-64 



64CuCl2	

Prostate	cancer	



64CuCl2	

Glioma	



Glioma	



64CuCl2	

Malignant	melanoma	on	le5	leg	

A5er	
therapy	

Before	
therapy	



THE	SPES-LARAMED	
PROJECT	



Installation of the 
70 MeV cyclotron 

Study of neutron-
rich nuclei for 
astrophysiscs 

Production of 
radionuclides for 

medicine Production of 
high-intensty 

neutron sources 



Installation of the 
70 MeV cyclotron 

Study of neutron-
rich nuclei for 
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LARAMED  
Laboratory for the production of 

exotic RAdionuclides for 
MEDicine 
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RI-LAB	&	RI-FAC	



THE	COME	PROJECT	



RADIONUCLIDE�DATA�SHEET� [COPPER]�������������������������������������������������� �

�

�

�

Half�Life:�������.58�days�
Radiation:� Decay�Mode:�Beta�
Gamma�Constant:������0.97�mR/hr�per�1�mCi�at�30�cm�

Major�Betas:��������������������������������������

�

�

�

�Intake�Data�(annual):�
� Minimum�Ingestion:� 5000�µCi�equals�5�rem�TEDE�(WHOLE�BODY)�
� Minimum�Inhalation:��5000�µCi�equals�5�rem�TEDE�(WHOLE�BODY)�
Doses:��
� Skin�Dose:�Reported�for�1�µCi�over�10�cm²�of�skin�
� � �������4.57�mrad/hr�(gamma�dose)�
� Point�Source:�507�mrad/hr�(beta�dose)�
� Disk��Source:��511�mrad/hr�(beta�dose)� �
�
Shielding�Information:�
�
� �
�
�
�
Detection�information:��Usable�Detectors�listed�with�estimate�efficiencies�
�
�
�
�
Action�Quantities:��
�
�
�
�

�

�

Cu�67 29�protons 38 neutrons

����E(MeV)� #�per�100�Dis�
0.091� 7�

0.093� 16�

0.185� 49�

Bench�Top�Quantity�Must�Be�Less�Than� 50000�µCi�
Containers�Require�Labeling�When�Greater�Than� 1000��Ci�
Rooms�Require�Posting�When�There�Is�Greater�Than�� 10000�µCi�
Contamination�Lasting�More�than�24�hrs�Require�NRC�Notification�At�� 25000�µCi�

Max�E(MeV)� Avg�E�(MeV)� #�per�100�dis�
0.390� 0.121� 57�
0.482� 0.154� 22�
0.575� 0.189� 20�

Max.�Beta�Range�in�Air�������:�200�cm�
Max.�Beta�Range�in�Water�:�0.21�cm� Average�gamma�E�=�0.157�MeV�

Maximum�Range�For�Beta� Plastic� 0.21�cm�
Aluminum� 0.1�cm�

Tenth�Value�Thickness�For�
Average�Gamma:�

Concrete� 7.1�cm�
Lead� 0.11�cm�

Ludlum�3�w/�pancake�probe�at�1�cm�� 9%� Liq.�Scint.�Counter� 85%�

Ludlum�3�w/�NaI�probe�near�surface� 3%� Gamma�Counter� 70%�

Major�Gammas:



68Zn(p,2p)67Cu	

68Zn	p	
67Cu	

2p	

γ

β-



Op=mal	Energy	Range:	
EP	=	70-40	MeV	

67Cu		 61Cu		

64Cu		

65Cu		
63Cu		



70Zn	p	
67Cu	 γ

β-

70Zn(p,2n2p)67Cu	

2p	
2n	



H+61$)%&6/7$*P&(*.2,).2/-*&/Q&.4$&
@B;-<#=F?9@!+&%$)6.2/-&<+-$F#1/%$7?&

C

D

<C

<D

BC

BD

:C

:D

=C

C <C BC :C =C DC [C \C ZC ]C <CC

!
10
@@
&A
68
95
0:
&B
;
CD
&

E1090:&F:61GH&BI6JD&

%.V:B7WXD$%!"&

L"(P>$,?6"&(7
L"(P>$HEc&>7?E
LG.,1BC<=
%H8G=

<Z$

70Zn(p,x)67Cu	



70Zn(p,x)	
K/L&6)-&L$&64/*$&.4$&$-$%W5&%)-W$0&&
O)15*&#*+",&-*&$*.2,).2/-*&

B=$

C

<C

BC

:C

=C

DC

[C

\C

ZC

]C

<C BC :C =C DC [C \C ZC ]C <CC

!
10
@@
&A
68
95
0:
&B
;
CD
&

E1090:&F:61GH&BI6JD&

%.V:B7WXD&#&RL2H@&#$%&"'($)

8&0[\
!"[\
8&[=
8&[<
!"[[

$,!"$$

$%ZL$
$%!"$$

$$ZL$$
$'!"$

'()*+,-%
.*+/$)*,%

')F&(#I&@B&'$J&
DGHG=&E%%/-)F&

0*/1%
*2*)3-%
)+23*%



27

Target body

Target chamber

Cooling channels

FIG. 3.3. Racetrack shaped target cavity for production of 18F from 18O enriched water.

FIG. 3.4. Keyhole water target design. The material of construction of this target was silver.



THE	APOTEMA	AND	
TECHNOSP	PROJECTS	



99Mo 
(67 h) 

99mTc 
(6.6 h) 

99Ru 
(stable) 

100% β- 

γ, 1.4% 
142.6 keV 

β- 

γ, 98.6% 
140.5 keV 

(6.6 h) 

  2.2 × 105 y 



B.PONSARD  04/05/2010

Mo-99 Global Needs

World needs : about 
12.000 Ci 99Mo ‘6-days’
calibrated per week !!!

The “6-day Ci” is a unit of 
measure that takes the 99Mo 

decay rate into account, the losses 
during shipments,  and represents 
an average amount of 99Mo that 

would be available for use 6 days 
after processing 





Fission	Products	



Mo-99/Tc-99m	Generator	

Tc-99m	

Saline	(NaCl,	0,9%)	

Mo-99	





Alternatives+for+production+of+99mTc?!

Neutron approaches 
 LEU 235U(n,F)99Mo 
 98Mo(n,��99Mo  
 
Photon approaches 
238U(��F) 99Mo  
100Mo(��n) 99Mo  
 
Proton approaches 
100Mo(p,2n)99mTc  
(Direct production ) 

Source Report of the Expert Review Panel on Medical Isotope Production; Presented to the Minister of Natural 
Resources Canada 30 November 2009. Peter Goodhand, Richard Druin, Thom Mason, Eric Turcotte: 
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca.energy/files/pdf/eneene/sources/uranuc/pdf/panrep-rapexp-eng.pdf 

Global Producers of Mo-99	



100Mo(p,2n)99mTc 

Radionuclide 
Production 

Target 
Processing Radionuclide 

Separation 



Experimentally	Measured	ExcitaWon	FuncWon	
for	100Mo(p,2n)99mTc	ReacWon	



INFN contributions to IAEA CRP F2202 on accelerator-based alternative to Tc99m production ” 
3rd RCM, IAEA headq., Vienna June 22-26, 2015
Juan Esposito, INFN-LNL

12

     
  

99mTc	Isotopic	Purity	at	EOB	of	99.05%-Enriched	100Mo	OpWmized	Target	



99mTc	Radionuclidic	Purity	(RNP)	and	Isotopic	Purity	
at	EOB	of	99.05%-Enriched	100Mo	OpWmized	Target	



Main Conclusions 
 

ü  Irradiation at proton energies above 25 MeV is 
not useful, even using higly 100Mo-enriched 
material. 

 

ü  Time window 1-10 h post EOB (RNP > 99%; IP > 
10%). 

 

ü Optimal conditions: energy window, 15 MeV < 
Ep < 20 MeV, irradiations time ≤ 3 hrs. 



THE	ISOLPHARM	
PROJECT	



ISOLPHARM	

High specific activity radioPHARMaceuticals  
production with ISOL technique  

HIGH SPECIFIC ACTIVITY 



THANK	YOU!	
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