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Calibration and metrology

National Physical Laboratory Good Practice Guide No. 93. Protocol for establishing and 

maintaining the calibration of medicine radionuclide calibrators and their quality control, 

2006, NPL.

BIPM

National Metrology Institutes
(National Physical Laboratory and Czech

Metrology Institute)

Secondary Standards Laboratory
(Center for Physical Sciences and Technology, 

Metrology Department, Ionizing Radiation
Metrology Laboratory)

Reference Instrument (Capintec CRC-15R and
Fidelis)

Field Instrument

(Veenstra VDC-404, Veenstra VDC-405, COMECER PITAGORA)



Primary measurement methods

The Triple-to-Double Coincidence Ratio (TDCR)

Liquid scintillation counting

The live-timed 4πβ(LS)-γ(ΝaI(Tl)) anticoincidence counting

• Methods are complementary

• Perform standardization 

• Uncertainties are well characterized (<0.5%)

http://www.lnhb.fr/presentation-en/liquid-scintillation-tdcr/



Physical characteristics of radionuclides and 
calibration coefficients

❑A calibration coefficient is the coefficient used to convert the measured ionization chamber current to a nominal activity, form 
femtoamperes (fA) up to microamperes (μA). 

❑The magnitude of a calibration coefficient depends upon the radionuclide: 22Na, 32P, 57Co, 67Ga, 68Ge/68Ga, 89Sr, 90Y, 90Y (glass 
microspheres), 90Sr, 99Mo, 99mTc, 123I, 125I, 131I, 131I (capsules), 133Ba, 137Cs, 153Gd, 153Sm, 166Ho, 177Lu, 201Tl, 223Ra …

❑The physical characteristics (energy, decay scheme, half-life):

❑Therapy:  emitters: 223Ra; 213Bi; 211At; 225Ac; 227Ac

❑Pure β emitter: 32P; 90Y; 89Sr (For radionuclides emitting only (or mostly) β particles, activity measurement is essentially based 
on bremsstrahlung X-rays)

❑Low-energy: 123I; 125I; 201Tl (For radionuclides emitting a relatively high number of low energy X-rays calibration factors can
change significantly with the container)

❑PET imaging: 11C; 18F; 64Cu; 68Ga

❑The ionization chamber (inner chamber wall thickness, gas pressure, chamber design, and operating voltage) 

❑The source geometry (container type, container wall thickness, source volume, and position of the container in the chamber) 

❑Additional components (lead shielding, the sample holder and the removable liner) could influence the measured current



Sealed sources for routine checks

Routine checks of radionuclide activity meters

need the use of long lived sources

• Range of photon energies

• Calibrated within 5% or less

• Range of activities

These sources allow for check of stability of the response, but they do not grant accuracy of the reading for isotopes 
used in clinical practice.



On site measurements

The secondary standard radionuclide calibrator Capintec CRC-15R.

Standard 3 ml syringe and the vial were used for measurement.



Secondary standards

Methods calibrated by primary methods

• Guidance on dial settings

• Complete understanding of different variables that

affect measurement result (Effects of measurement
geometry, pure β emitters)

• Provides a method to transfer the standard to the 
user

National Physical Laboratory Good Practice Guide No. 93. Protocol for establishing and maintaining the 

calibration of medicine radionuclide calibrators and their quality control, 2006, NPL



Radionuclide activity calibrator

https://humanhealth.iaea.org/HHW/Radiopharmacy/VirRad/Quality_Control_Procedures/Quality_Control_Module/Radioactivity_concentration/Measurement_tools/Isotope_Calibrator/Principles_of_an_is
otope_calibrator/index.html

ACTIVITY CALIBRATOR SHOULD HAVE THE FOLLOWING 
PHYSICAL CHARACTERISTICS:

Sensitive to energies (X-rays, γ-rays and β particles
through bremsstrahlung), from ~ 50 keV and 2 MeV. 

• Calibration for each radionuclide
• High count rate (deadtime)
• Linear response, from ~ 100 GBq to 0,1 MBq
• Stability
• Possibility to measure different geometry sourses
• Response time: 2-10 seconds



Source geometry and activity calibrator response 

National Physical Laboratory Good Practice Guide No. 93. Protocol for establishing and maintaining the 

calibration of medicine radionuclide calibrators and their quality control, 2006, NPL



Activity calibrator
Diagnostic Reference Levels (DRLs)

Radiopharmaceutical QC

Standardized Uptake Value (SUV)

Injected activity (MBq)

Sensitivity CPS/MBq

Effective doses (mSv)

Internal dosimetry

Staff doses

Quantification

SPECT scanning modalities calibration

RADIATION PROTECTION N°180, European commission report, 2014 

Dr. Maggie Cooper, Radiopharmaceutical chemistry of technetium



Quantification and cross validation

H. Levillain, Precision of pre-SIRT predictive dosimetry 

K. Baete, Traceable Quantification for 68Ga based PET/CT



Hormonisation of scanning equipment

Lisa R. Karam Chief, Ionizing Radiation Division National 
Institute of Standards and Technology



The results of the intercomparison obtained in 2016 and 2019



The results of the intercomparison obtained in 2016 and 2019



Intercomparison of radionuclide calibrators used in the main Lithuanian 
hospitals with the secondary standard ionization chamber 

Radionuclide and geometry Deviation (%)

137Cs (P6) 8,3

123I (P6) 3,0

99mTc (P6) 14,8 

99mTc (syringe) 12,1

57Co (Stick) 1,3

22Na (Stick) 4,2

18F  (P6) 8,9

18F  (syringe) 4,8

131I  (P6) 1,9

131I (capsule) 5,8

223Ra (P6) 1,3



International recommendations

Equipment shall comply with the
set requirements or Criteria for
Acceptability of Medical
Radiological Equipment used in
Diagnostic Radiology, Nuclear
Medicine and Radiotherapy
(RP162)



World practice



Conclusions
The appropriate quality management programme, traceability of measurements (reference
instrument calibrated against standardised reference sources traceable to the National Metrological
Institute) are necessary to ensure the accuracy of the administrated patient dose.

Correct measurement of administrated activity is important for imaging, patient dose optimisation,
setting the local diagnostic reference levels, administration of beta-ray emitters and for measurement
of activity for quantitative imaging in molecular radiotherapy (activity-time integral within the
defined volume).



Thank you for your attention,
questions?


