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Outline

• Rationale

• Review four techniques that have the potential to 
be primary absorbed dose standards
– Water calorimetry

– Graphite calorimetry

– Ferrous sulphate-based

– Ionization chamber-based

• For each technique a summary of principle, 
realization and uncertainties

• Conclusions
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192Ir Brachytherapy Dosimetry
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Rationale for absorbed dose 

calibrations of brachytherapy sources

• Calibration in terms of the quantity needed in the first 
place

• Spectral effects that affect SK affect much less 

• The dissemination of standards can proceed in virtually 
the same manner as now, but more robust

• Method can be applied to other BT radionuclides or 
even electronic sources
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Water calorimetry as a standard for 
192Ir brachytherapy dosimetry

• In water calorimetry absorbed dose to water is 
determined by measuring temperature rise in 
water

• 0.23 mK per Gy absorbed dose!

• The devil is in the details:
– Large source self-heating 

– Sharp dose gradient 

– Need for accurate positioning at small dsrc-det

– Small dose rate at large dsrc-det
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192Ir BT water calorimeter (McGill)
Sarfehnia & Seuntjens

Med Phys 37: 1914 (2010)
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Possible setups

McGill University PTB (PSDL Germany)

VSL (PSDL Holland)
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Positioning!!
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Heat Transport 

Numerical Calculations

• Comsol MultiphysicsTM Solves 
the heat transport PDE using 
the finite element method. 

July 31, 2012 AAPM HDR Ir192 Calibration Symposium

192Ir source

Glass vessel

192Ir source + cap
Nylon-12 catheter

Point thermistor

Temperature Measurement
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Drift linearization
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Graphite calorimetry as a standard for 
192Ir brachytherapy dosimetry

• In graphite calorimetry absorbed dose to water is 
determined by measuring temperature rise in 
graphite

• 1.2 mK per Gy absorbed dose (vs. 0.23 mK/Gy in 
water calorimetry)!

• The devil is in the details:
– A dose conversion graphite to water is built into the 

correction factors

– Sharp dose gradients are less of a problem

– Self heating of the source 
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Practical designs
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NPL

(PSDL, UK)

ENEA (PSDL Italy)

T. Sander et al, Metrologia (in press, 2012)

Guerra et al, 2009

Correction factors
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T. Sander et al, 

Metrologia

(in press, 2012)

Two modes of operation
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Quasi adiabatic

Isothermal T. Sander et al, 

Metrologia

(in press, 2012)
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Isothermal mode: uncertainties
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T. Sander et al, 

Metrologia

(in press, 2012)

Dose rate constants for microSelectron

v-1 Classic HDR source
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Calorimeter-based

MC

experimental

T. Sander et al, 

Metrologia

(in press, 2012)

Ferrous sulphate as a standard for 192Ir 

brachytherapy dosimetry

• Based on the conversion of Fe2+ to Fe3+ ions in 

a aqueous solution under irradiation
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Radiation chemical 

yield of the solution

– system calibration
… and a large number of 

correction factors
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Implementation by Austerlitz et al
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Ferrous sulphate solution

192Ir source catheter

Med. Phys. 35: 5360 (2008)
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7%! (k=2)

Ionization chamber as a standard for 
192Ir brachytherapy dosimetry

• Use of a 60Co absorbed dose to water 

calibrated ionization chamber

• Using detailed MC methods to extract the 

chamber calibration coefficient for 192Ir in the 

experimental setup used
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Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924
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Exradin A1SLSource catheter

-Positioning

-Detailed 

modeling

Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924

Uncertainties – ionization chamber
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Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924

Comparison of methods for one of the 

sources
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2%

Sarfehnia, Kawrakow & Seuntjens (2010) Med Phys 37, 1924
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Conclusions

• Direct absorbed dose rate calibration of 192Ir 

sources brings more simplicity and robustness to 

HDR brachytherapy reference dosimetry

• Standards laboratories  and research centres are 

actively developing standards

• Uncertainties of typically 2% (k=1) are achievable

• The dissemination of these standards can be 

based on vitually the same technology as 

currently available at standards laboratory
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Conclusions

• A move from air kerma rate calibrations to 

absorbed dose rate calibrations is necessary 

and logical

– Fits within TG43 concept

– Can be disseminated using current-day practices

– Reduces uncertainties at early steps of calibration 

chain

– Ultimately improves clinical brachytherapy 

dosimetry
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