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UNCERTAINTY   2.15% (k=2) 

Stump et al., Med. Phys. 29 (2002) 



Primary absorbed dose standards 

 Calorimetry 

– Water 

– Graphite 

 Ferrous Sulphate-based (Fricke) 

 Ionization chamber based 



Water Calorimetry 



 Rational for absorbed dose to water 
calibration: 

– It is the quantity we like in the first place 

– Spectral effects that affect SK affect 𝐷 (𝑟o, 𝜃o) 
much less 



Water Calorimetry 

 Measuring dose to water directly at a point 
based on 

TcD ww 



Water Calorimetry 

 Measuring dose to water directly at a point 
based on 

TcD ww 



Water Calorimetry 

 Measuring dose to water directly at a point 
based on 

TcD ww 



Water Calorimetry 

 Measuring dose to water directly at a point 
based on 

TcD ww 



Not as easy as a fish tank 

 0.23 mK per each Gy of absorbed dose  

 Large source self-heating 

 Sharp dose gradient 

 



Not as easy as a fish tank 

 0.23 mK per each Gy of absorbed dose  

 Large source self-heating 

 Sharp dose gradient 

 

TOO CLOSE 



Not as easy as a fish tank 

 0.23 mK per each Gy of absorbed dose  

 Large source self-heating 

 Sharp dose gradient 

 

TOO CLOSE TOO FAR 



Water Calorimetry 

Sarfehnia et al, Med. Phys. 34 (2007) 
Sarfehnia and Seuntjens, Med. Phys. 37 (2010) 



Water Calorimetry 

Sarfehnia et al, Med. Phys. 34 (2007) 
Sarfehnia and Seuntjens, Med. Phys. 37 (2010) 



Other Setups 

PTB (PSDL Germany) 

Bambynek et al. World Congress on Medical Physics and Biomedical Engineering, September 7 
- 12, 2009, Munich, Germany, IFMBE Proceedings Volume 1, 2009, pp 89-92 

VSL (PSDL Netherland) 



Uncertainty 
Budget 

Sarfehnia and Seuntjens, Med. Phys. 37 (2010) 



Graphite Calorimetry 



 Rational for Graphite Calorimetry? 

– 6X the signal for the same dose 

– BUT, need to convert from dose to graphite to 
dose to water 

 

 



Sander et al, Metrologia 49 (2012) 



Fricke Dosimetry 



 Theory: 

[𝐹𝑒+2]
γ
 [𝐹𝑒+3] 

 

 So, as long as you know the relationship 
describing number of Fe+3 / 100eV (i.e. 
chemical yield) 

 Rational: Not sensitive to source self-heating 



El Gamal et al, Phys. Med. Biol. 60  (2015) 



Uncertainties 

TECHNIQUE 2-sigma Uncertainty 
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Fricke  1.8 % 
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Gafchromic Film 3.5 % 

TG-43 4-5 % 



Conclusion 

 Calorimetry, Fricke and Ionization based 
absorbed dose standards in HDR Ir-192 
brachytherapy are feasible.  
 

 Hopefully, once refined, these techniques will be 
brought to a standard lab near you 
 

 The uncertainty on dose measurements may be 
improved in brachytherapy based on absorbed 
dose primary standards. 


