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Presentation outlook

• Traceability to primary standards

• Uncertainty evaluation

• Uncertainty of dose conversion coefficient

• Usability of the calibration certificate from the user point of view
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Traceability to primary standards

BIPM

EURAMET

Secondary Standard 

Dosimetry Lab

SSDL

Final users

IMS, RP Practitioners, etc
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Traceability to primary standards – Radiation qualities

Gamma qualities

• Am-241         E= 60 keV

• Cs-137           E= 662 keV

• Co-60             Eaverage= 1250 keV

X-ray qualities

X-Ray qualities

• L series  Low air kerma rate

• N series  Narrow spectrum

• W series  Wide spectrum

• H series   High air kerma rate

ISO-4037 qualities:
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Traceability to primary standards – Radiation qualities

The SSDL must get

HVL values as in the 

standard, within a 

defined tolerance

Matched 

reference fields

Reference standard

ISO 4037:2019
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Traceability to primary standards – Radiation qualities

Energy distribution of

N and H qualities.
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Traceability to primary standards – Dosimetric quantities

Mettere immagini delle camere

Reference instruments are graphite ion chambers 

Calibrated by an NMI

Reference quantity: air kerma (Rate)

Typical uncertainty (95% C.I.) are 2% - 3%

Uncertainty contributions:

• Calibration uncertainty (around 1.4%)

• Positioning

• Beam non-homogeneity

• Ion recombination

• P and T correction

• Air attenuation

• Repetition uncertainty

• Dimension of the ion chamber

The uncertainty in energy distribution has 

no impact on the air kerma uncertainty
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Calibration of final user’s instruments
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Irradiation of personal dosimeters

Reference

instrument

Dosimeter

),,( EdhKH pKa 

PhantomSource
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Uncertainty of conversion coefficients

),,( EdhKH pKa 
Operational

Quantity

U= 4.5% – 7%

Air Kerma

U=2% - 4%

Conversion coefficient

U=4% (Minimum)

Coming from the small 

differences in energy 

distribution of the radiation 

qualities

Matched reference fields
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Uncertainty from user POV
Example of a calibration certificate (in Italian for obvious reason)

The final user will 

never 

measure in reference 

beam qualities
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Uncertainty from user POV
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TL dosimeter response function

We do not know the energy 

distribution, but we can speculate it is 

in the range 40 keV - 200 keV

Lab conditions In Field

Mean sensitivity=1,25

Max sensitivity=1,5

Min sensitivity=1,02≈1
each point has a standard 

uncertainty (67% confidence) around u=3,5%
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Uncertainty from user POV
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To be compared with

The uncertainty from the uniform distribution is dominating and so is the distribution itself
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Uncertainty from user POV
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distribution 

area

How to get the expanded uncertainty?

�% � 1.65 · �% � 20%

k � 1.65 (Coverage factor)
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Uncertainty from user POV

For the practical on-filed measurements, the main uncertainty contribution is 

coming from the ignorance about the energy distribution of the radiation filed

Of course, there can be other uncertainty contribution, for instance the direction of 

the radiation beam. Actually, personal dosimeter calibration is performed at 

different angles as well.
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Uncertainty from user POV

Beam direction
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Comparison of GM and scintillators
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Uncertainty from user POV
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Issues for maintaining the accreditation

• The ISO 17025 requires that accredited labs participate to 

intercomparisons

• The Intercomparison should address both the CMC and the routine 

procedures for routine calibration of customers’ instruments

• At present there are no intercomparison exercises available on regular 

basis

• EURADOS is a good candidate to fill this harmonization gap

CMC

I.C.

Routine

I.C.
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Conclusions

• SSDL should be better called SSCL 

• SSDLs are the link between NMI and final users, They are fundamental for 

disseminating the reference quantities and to guarantee metrological 

traceability (thousands of calibration certificates per year)

• The harmonization of calibration procedures is missing

• The final user cannot use the calibration factor and the uncertainty “as 

they are”, but must consider the specific on-filed environment

• SSDLs are important for an education action to the final user
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Thanks for your attention
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