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1. Introduction 
International Committee for Weights and Measures (CIPM) Mutual Recognition 
Arrangement (MRA) is a multilateral agreement between National Metrology Institutes 
(NMI) and Designated Institutes (DI). CIPM MRA provides mutual recognition of 
calibration and test certificates and national measurement standards. Key and 
supplementary comparisons are organized within CIPM MRA framework to support 
member Calibration and Measurement Capabilities (CMC) [1]. 
Pilot studies are the third category of comparisons normally undertaken to establish 
measurement parameters for a “new” field or instrument, or as a training exercise. The 
results of pilot studies alone are not normally considered sufficient support for CMC. 
Ambient dose equivalent, H*(10), is an operational quantity used in ionizing radiation 
dosimetry for area monitoring. It was introduced by ICRU [2] and adopted by European 
Union in Council Directives 96/29/EURATOM and 2013/59/EURATOM. A 
supplementary EURAMET comparison of calibration coefficients for H*(10) for photon 
radiation, EURAMET.RI(I)-S18, was organized between 2019 and 2021, with 13 NMIs 
and DIs [3]. Besides NMI and DI intercomparisons, there is a need for intercomparisons 
for calibrations by other secondary standard dosimetry laboratories (SSDLs). These 
intercomparisons (ICs) are usually organized e.g. by EURADOS e.V. with a 
metrological reference, which is usually provided by an NMI.  
This Pilot Study aims to demonstrate the capability for providing a metrological 
reference, i.e. traceability, to third party ICs, i.e. which are not provided by RMOs but 
instead e.g. by EURADOS, by an inter-NMI IC using passive area dosemeters and 
train emerging NMIs or DIs to provide such reference irradiations. Additionally, it will 
be investigated if these intercomparisons can be used to increase confidence in 
existing CMCs beside the official EURAMET supplementary comparisons.. 
The aim of this comparison was to compare ambient dose equivalent, H*(10), by 
performing photon irradiations of passive area dosemeters. For this purpose, passive 
area dosemeters were provided by the dosemeter provider. The dosemeters were 
shipped to the participants, irradiated, and shipped back to the dosemeter provider. 
The dosemeter provider processed the dosemeters and reported the doses to the pilot 
laboratory. 
The comparison was performed for 4 radiation qualities (1 mandatory and 3 additional) 
which are to be established in accordance with ISO 4037-1 [4]. The radiation qualities 
chosen for the comparison are: 

• N-30  
• N-150  
• S-Cs (mandatory) 
• S-Co  

The recommended irradiation dose value was, ambient dose equvivalent,  H*(10) = 10 
mSv. 
The recommended ambientdose equivalent value and radiation qualities were selected 
in accordance with the IC2023calib intercomparison by EURADOS [5] to provide a 
metrological basis for this intercomparison and to compare the results reached by 
NMIs and DIs with the EURADOS participants (([secondary standard] calibration 
laboratories). 
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The comparison was coordinated by PTB as the pilot laboratory. IRSN provided the 
passive area dosemeters. The results were evaluated by PTB, with support of the 
project partners and the participants.  
This comparison protocol was prepared according to EURAMET guidelines [6]. 

2. Participants 
Eight NMIs and DIs took part in the comparison: 

• CEA-LNHB, France 
• CMI, Czech Republic 
• MIRS/IJS/F-2,O-2 - Metrology Institute of the Republic of Slovenia/Jozef Stefan 

Institute/Low and Medium Energy Physics F2, Environmental Sciences O2, 
Slovenia  

• PTB, Physikalisch-Technische Bundesanstalt, Germany 
• SCK  CEN/LNK, Studiecentrum voor Kernenergie, Centre d'Étude de l'énergie 

Nucléaire / The Laboratory for Nuclear Calibrations, Belgium 
• SMU - Slovak Institute of Metrology, Slovakia 
• STUK - Säteilyturvakeskus, Finland 
• VINS – Vinča Institute of Nuclear Sciences - National Institute of the Republic 

of Serbia, University of Belgrade, Belgrade, Serbia 

3. Transfer device 
Passive area dosemeters were provided by the ISO 17025 accredited service of IRSN. 
The ambient dose equivalent readings are traceable to LDRI of the IRSN and therefore 
traceable to LNHB primary standards. 

 

  
Figure 1 Passive RPL dosemeter provided by IRSN. The dimensions are approximately 
29.8 mm x 61.5 mm x 8 mm. 

4. Linearity and stability of the transfer dosemeters 
An accredited passive area dosemeter was used. To keep the effect of dose linearity 
small, the required ambient dose equivalent range was small. Within the expected 
dose rate range, the dose rate linearity correction is expected to be negligible. 
The stability of the dosemeters is guaranteed by keeping the time between release 
from the dosemeter provider and read out within the accreditation time frame. 
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Each participant received 10 dosemeters per radiation quality and 10 
transport/background dosemeters. The transport dosemeters were used for 
subtraction of transport and background dose by IRSN. 

5. Irradiation method, irradiation conditions 
The comparison was performed for up to four radiation qualities. The mandatory 
radiation quality was S-Cs. Additional radiation qualities were N-30, N-150 and S-Co. 
All radiation qualities were realised in accordance with ISO 4037-1 [4]. Recommended 
ambient dose equivalent per dosemeter was 10 mSv for all radiation qualities.  
The dosemeters were irradiated free in air (i.e. not on a phantom).  
In accordance with the EURADOS protocol for IC2023calib it was advised: 

• for X-ray fields, to irradiate one dosemeter and 

• for S-Cs and S-Co two dosemeters per time with an appropriate build-up plate 
(3 mm PMMA).  

The dosemeters should be oriented in such a way that the reference point was at the 
point of test. 

 
Figure 2 Definition of the reference point for the RPL dosemeters. 

6. Necessary data and measurement uncertainty 
Each participant prepared a calibration report containing the following data: method of 
determination of reference H*(10) values including traceability, air density correction (if 
applicable), and uncertainties of the conversion coefficients from air Kerma, Ka, to 
H*(10) (if applicable), description of the used equipment, description and picture of 
irradiation setup, irradiated ambient dose equivalent, and the uncertainty budgets for 
each radiation quality and any corrections used.  

 

backside of 
dosemeter 

5 mm 
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The measurement results and uncertainty budgets were reported in an excel form 
provided by PTB. The uncertainty was determined in accordance with the ISO Guide 
to the expression of uncertainties in measurements (GUM) [7].  

7. Evaluation and communication of the results 
All participants sent their irradiation reports to EURAMET TC-IR chair electronically. 
IRSN performed the evaluation of the dosemeter readings and provided the results to 
PTB after having finished the measurements and after PTB sent their irradiation report 
to EURAMET TC-IR chair. Afterwards, all participants sent their irradiation reports 
electronically to PTB (see flow chart in Figure 3). 
Evaluators of the Pilot Study are PTB, with support from GUM, IMBiH, IRB, JSI, STUK 
and VINS, according to the activity A4.3.1 of the EMPIR project supportBSS. 
PTB sent compiled irradiation reports from all comparison participants and results of 
dosemeter evaluation of IRSN electronically to the evaluators, but not before they have 
sent their own irradiation reports to the TC-IR chair. 
The comparison reference value Ci(DH)  was determined for each radiation quality Q 
as the average value of the mean response RQ, i.e. the mean value of the single 
dosemeter responses (evaluated ambient dose equivalent by IRSN, M, divided by 
irradiated ambient dose equivalent, H*(10)), calculated for the participants with primary 
standards for Ka or H*(10) according to the irradiation protocols. The results of the 
participants were compared to this comparison reference value as a ratio of 
participant’s calculated response/comparison reference value. 
Each radiation quality was evaluated separately. 
For each radiation quality, we get n ambient dose equivalent readings per participant 
from IRSN, i, with subtracted background dose calculated as the mean dose of the 
transport dosemeters: Mi,1…n. 
The measurement error of these readings is neglected as it is the same for all 
participants (e.g. due to the energy dependence of the dosemeter) and therefore 
cancel out during evaluation of CRV and relative deviation D. Only the statistical 
uncertainty is relevant in this case. It is kept small by using a sufficiently large dose 
and calculating the mean response per participant of at least 10 dosemeters per 
radiation quality. 
For each radiation quality, from each participant i we get n ambient dose equivalent 
values H*(10)i,1…n. Together with the irradiated ambient dose equivalent each 
participant stated their uncertainty 𝑢𝑢𝑖𝑖 for that dose, which is the same for all n 
dosemeters.  
From these values the response 𝑅𝑅𝑖𝑖,𝑗𝑗 and mean response 𝑅𝑅𝑖𝑖 including standard 
deviation, σ(𝑅𝑅𝑖𝑖), is calculated:  
𝑅𝑅𝑖𝑖,𝑗𝑗 = 𝑀𝑀𝑖𝑖,𝑗𝑗

𝐻𝐻∗(10)𝑖𝑖,𝑗𝑗
 and 𝑅𝑅𝑖𝑖 =

∑ 𝑅𝑅𝑖𝑖,𝑗𝑗𝑛𝑛
𝑗𝑗=1

𝑛𝑛
 with uncertainty 𝑢𝑢𝑅𝑅𝑖𝑖 = �𝑢𝑢𝑖𝑖2 + σ(𝑅𝑅𝑖𝑖)2, since the 

uncertainties of the ambient dose equivalent values stated by the participants for 
each dosemeter, ui, are highly correlated. The standard deviation, 𝜎𝜎(𝑅𝑅𝑖𝑖), is taken as 
a measurement for the uncertainty of the ambient dose equivalent reading provided 
by IRSN. 
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The reference value for the radiation quality Q is the mean response of all m 
participants with primary standards: 

𝑅𝑅𝑄𝑄 = ∑ 𝑅𝑅𝑖𝑖𝑚𝑚
𝑖𝑖=1
𝑚𝑚

 with uncertainty 𝑢𝑢RQ = �∑ 𝑢𝑢𝑅𝑅𝑖𝑖
2𝑚𝑚

𝑖𝑖=1

m2 . 

From this the relative deviation from the reference value is calculated for each 
participant by: 

𝐷𝐷𝑖𝑖 = 𝑅𝑅𝑖𝑖
𝑅𝑅𝑄𝑄
− 1 with uncertainty 𝑢𝑢𝐷𝐷i = �� 1

RQ
⋅ 𝑢𝑢𝑅𝑅i�

2
+ �𝑅𝑅i

𝑅𝑅𝑄𝑄
2 ⋅ 𝑢𝑢𝑅𝑅𝑞𝑞�

2
. 

 
Figure 3 Flow chart depicting the information flow during the pilot study. 

Table 1 Traceability as reported by participants 

Participant N-30 N-150 S-Cs S-Co 
CEA primary standard primary standard primary standard primary standard 
CMI primary standard primary standard primary standard primary standard 

JSI BFKH Budapest, HU PTB through 
IAEA BIPM through IAEA   

PTB primary standard primary standard primary standard primary standard 
SCK CEN PTB PTB PTB PTB 

SMU  PTB through 
IAEA 

Slovak institute of 
Metrology (primary 

chamber ND1005/A) 
 

STUK PTB PTB NPL NPL 

VINS  PTB through 
IAEA BIPM through IAEA BIPM through 

IAEA 
 

8. Organisation and time schedule 
The comparison had 8 participants in total.  
The comparison started on 1st October 2023 and the irradiations were scheduled to 
finish on 21th October 2023. The irradiations were carried out on or as close as 
possible to 11 October 2023, at least within the time period 01 to 21 October.  
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9. Results for radiation quality N-30 
The results for the intercomparison for N-30 radiation quality are presented in Table 2 
and Figure 4.  
Table 2 Results N-30. Participants with independent traceability are marked in bold. 

Participant 
Mean 

Response 
R 

rel. stated 
uncertainty 
of irradiated 
dose H*(10) 

k = 2 
𝑢𝑢𝑖𝑖 

calculated rel. 
uncertainty of 

mean R 
k = 2 
𝑢𝑢𝑅𝑅i 

rel. Deviation 
from  

reference 
response 

Di 

Uncertainty 
of rel. 

deviation 
k = 2 
𝑢𝑢𝐷𝐷i 

PTB 1,057 3,8% 4,1% 0,008 0,047 
CEA 1,060 3,1% 3,2% 0,011 0,039 
CMI 1,067 4,7% 4,8% 0,017 0,054 
JSI 1,010 5,0% 5,4% -0,037 0,056 

SCK CEN 1,103 4,7% 4,8% 0,052 0,056 
STUK 1,020 5,0% 5,3% -0,027 0,056 

 
The reference response RQ for N-30 is 1.049 ± 0.023 (k = 2). 
 

 
Figure 4 Results N-30 
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10. Results for radiation quality N-150 
The results for the intercomparison for N-150 radiation quality are presented inTable 
3 and Figure 5.  
Table 3 Results N-150. Participants with independent traceability are marked in bold. 

Participant 
Mean 

Response  
R 

rel. stated 
uncertainty 
of irradiated 
dose H*(10) 

k = 2 
𝑢𝑢𝑖𝑖 

calculated rel. 
uncertainty of 

mean R 
k = 2 
𝑢𝑢𝑅𝑅i 

rel. Deviation 
from  

reference 
response 

Di 

Uncertainty 
of rel. 

deviation 
k = 2 
𝑢𝑢Di  

PTB 0,847 3,8% 3,9% -0,031 0,052 
CEA 0,859 1,2% 1,7% -0,018 0,040 
CMI 0,917 4,7% 4,8% 0,049 0,064 
JSI 0,869 4,9% 4,9% -0,007 0,061 

SCK CEN 0,884 4,7% 4,7% 0,011 0,061 
SMU 0,870 4,3% 4,3% -0,005 0,057 
STUK 0,843 4,5% 4,7% -0,035 0,058 
VINS 0,857 4,5% 5,0% -0,020 0,061 

 
The reference response RQ for N-150 is 0.874 ± 0.033 (k = 2). 
 

 
Figure 5 Results N-150 
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11. Results for radiation quality S-Cs 
The results for the intercomparison for S-Cs radiation quality are presented in 
Table 4 and Figure 6. Two dosemeters of STUK were irradiated with a dose of 
16,7 mSv, which was within the linearity range of the dosemeter. Therefore, the 
dosemeters were included in the evaluation.  
Table 4 Results S-Cs. Participants with independent traceability are marked in bold. 

Participant 
Mean 

Response  
R 

rel. stated 
uncertainty 
of irradiated 
dose H*(10) 

k = 2 
𝑢𝑢𝑖𝑖 

calculated rel. 
uncertainty of 

mean R 
k = 2 
𝑢𝑢𝑅𝑅i 

rel. Deviation 
from  

reference 
response 

Di 

Uncertainty 
of rel. 

deviation 
k = 2 
𝑢𝑢Di  

PTB 1,048 2,9% 2,9% -0,013 0,034 
CEA 1,064 4,1% 4,2% 0,002 0,045 
CMI 1,081 4,4% 4,5% 0,018 0,049 
JSI 1,069 4,3% 4,3% 0,007 0,047 

SCK CEN 1,038 4,3% 4,3% -0,022 0,046 
SMU 1,055 4,1% 4,1% -0,007 0,045 
STUK 1,053 4,5% 4,8% -0,008 0,051 
VINS 1,045 4,3% 4,7% -0,016 0,050 

 
The reference response RQ for S-Cs is 1.062 ± 0.019 (k = 2). 
 

 
Figure 6 Results S-Cs 
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11. Results for radiation quality S-Co 
The results for the intercomparison for S-Co radiation quality are presented in 
Table 5 and Figure 6.  
Table 5 Results S-Co. Participants with independent traceability are marked in bold. 

Participant Mean Response  
R 

rel. stated 
uncertainty of 

irradiated dose 
H*(10) 
k = 2 
𝑢𝑢𝑖𝑖 

calculated 
rel. 

uncertainty 
of mean R 

k = 2 
𝑢𝑢𝑅𝑅i 

rel. Deviation 
from  

reference 
response 

Di 

Uncertainty 
of rel. 

deviation 
k = 2 
𝑢𝑢Di  

PTB 0,980 2,9% 3,1% -0,005 0,040 
CEA 0,981 4,2% 5,0% -0,004 0,056 
CMI 0,993 4,5% 5,3% 0,008 0,059 

SCK CEN 0,965 4,5% 5,2% -0,019 0,057 
STUK 0,979 4,5% 5,1% -0,005 0,057 
VINS 0,999 4,3% 4,9% 0,015 0,057 

 

 
Figure 7 Results S-Co 

 
The reference response RQ for S-Co is 0.984 ± 0.026 (k = 2). 
 

12. Summary 
All results agree well within the stated uncertainties and thus, those are supporting 
the measurement capabilities of the participating laboratories.  
For S-Cs and S-Co qualities, no large discrepancies were observed. Those radiation 
fields are very well established and this kind of comparison with passive area 
dosimeters provide sufficient quality for intermediate support. However, in X-ray 
qualities some variation is observed, which might suggest e.g. some variation in the 
traceability chain or in the set-up of the radiation qualities. Due to the larger 
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uncertainty induced by using the passive area dosimeters, the discrepancies have 
only a weak significance. 
The results show that all partners can provide reference values for calibration 
laboratory intercomparison e.g. conducted by EURADOS when the stated uncertainty 
is considered. In addition, the results can be used to increase the confidence in 
existing CMCs between official EURAMET supplementary ICs. Results of such 
intercomparisons cannot be used to substitute high level EURAMET supplementary 
ICs due to higher associated uncertainties. 
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Appendix A 
CEA results 
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CMI results 
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JSI results 
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