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Chemistry

Pressure

Electricity

Mass

Ionizing Radiation & Dosimetry

Length

Light

Flow (gas & liquid)

Temperature

Time & frequency

Viscosity

Humidity

VSL – National Metrology Institute (NL) ~ 100 FTE
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radiodiagnostics radiation protection
radiotherapy

(tele & brachy)

X-rays

(40 kV – 150 kV)

X-rays (40 kV – 250 kV)

137Cs -rays (protection level)

60Co -rays (protection level)

X-rays (40 kV – 250 kV)

-rays (137Cs & 60Co )

linacs, on-site (photons & electrons)

192Ir HDR brachytherapy

124I & 103Pd LDR brachytherapy

Accredited for calibration (ISO 17025) × PT-schemes / audits (ISO 17043) 

KCDB entries based on BIPM key-comparisons

calibrations (ISO 17025)

(on-site) dosimetry-audits (ISO 17043)

Supporting developments in (inter)national Codes of Practice (NCS, IAEA, AAPM)

European research projects (EURAMET EPM)

Consultancy
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people Knowledge and services of measuring (ionizing radiation).
We provide high-quality services to support our target audiences.

facilities Facilities that match the needs of customers.
We have facilities that allow us to do that.

R&D
Active participation in developments in metrology.
We actively participate in (European) development projects and based on 

this we develop new services.

accessable Shares research results and knowledge (e.g. with the disciplines).
We contribute to and give shape to new ideas (consultative bodies).

and more … VSL has standards for the realisation of all SI units.
We have access to knowledge in all metrology fields.



Primary dosimetry standards

PRIMARY STANDARD

PRIMARY MEASUREMENT PROCEDURE

VIM, International vocabulary of basic and general terms in metrology 

issued by BIPM, IEC, IFCC, ISO, IUPAC, IUPAP and OIML



Primary dosimetry standards at VSL
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air-KERMA standards

Absorbed dose standard
60Co – MV photons

10 kV – 300 kV 137Cs & 60Co
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plate separation = 30 cm 

Free air chamber (air KERMA)
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Free air chamber (air-KERMA)
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Monte Carlo calculated free air chamber correction factors

Collecting 
volume

Collecting electrode

Guard electrodeDiaphragm

W
all

x-ray beam

E

ΔE1

ΔE2

Correction for transmission through wall+diaphragm: 
1

𝑘𝑤𝑎𝑙𝑙
= 1 +

∆𝐸1

𝐸

Correction for scattered photons in air path: 
1

𝑘𝑠𝑐
= 1 +

∆𝐸2

𝐸

1. Particles are labelled when they could 

contribute to the effect (e.g. wall transmission)

2. For each label (i = 1, 2, … N) ΔEi the energy 

deposited in collecting volume is scored
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Free air chamber: correction factors

Monte-Carlo based correction factors, mono-energetic

Electron loss, scatter, transmission

air attenuation in the standard

This allows us to determine the FAC corrections for any x-

ray quality if we have the photon fluence spectrum

Measured photon fluence spectrum (HP-Ge)

Calculated spectrum by e.g. SpekPy

We can realize and calibrate any radiation quality
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Free air chamber: dimensions

air attenuation between diaphragm and collecting volume

Increases rapidly at lower energies
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Spectrometry & SpekPy
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WP4 (VSL WP-leader)

Aims

WP4: Validation of established calibration methods

To validate updated calibration and comparison procedures for radiation qualities identified in WP1

Applied to different classes of dosimeters and XMMs identified in WP2

Following the protocols established in WP3

Tasks
Task 4.1 to prepare TWO technical protocols for comparisons in air kerma and X-ray tube voltage

Task 4.2 to run TWO comparisons for air kerma and X-ray tube voltage
Task 4.3 to draft TWO comparison reports: air kerma and X-ray tube voltage

Deliverables
D7 Draft B comparison report for supplementary comparison for air kerma calibrations in X-ray imaging 

reference radiation qualities with specified uncertainties submitted to EURAMET TC IR.

D8 Draft B comparison report for supplementary comparison fo X-ray tube voltage calibrations in X-ray imaging 

reference radiation qualities with specified uncertainties submitted to EURAMET TC IR.
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WP4 - 3 comparisons

EURAMET Project 1677

Supplementary comparison of air kerma standards for X-ray imaging

2 ionisation chambers, all 9 beam qualities

EURAMET Project 1678

Supplementary comparison of tube voltage for X-ray imaging

3 XMM’s, only the 4 RQR beam qualities

EURAMET Project 1676

Pilot study of air kerma and tube voltage for new radiation qualities in X-ray 

imaging using XMMs 

4 XMM’s, all 9 beam qualities, all quantities measured by the XMM
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WP4 - lessons learned

9 Beam qualities

6 instruments

▪ 2 XMM’s with 8 quantities

▪ 2 XMM’s with 6 quantities

▪ 2 ionization chambers

10 participants

And VSL measures 2 times extra for stability
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Thank you for your attention.
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