JRC TECHNICAL REPORTS

Evaluation of the 2016 ENV57/MetroERM
measurement comparison on simulated

airborne particulates:
137Cs, 13%Cs and *'1 in air filters

Timotheos Altzitzoglou
Petya Malo

2017

EUR 28431 EN



This publication is a Technical report by the Joint Research Centre (JRC), the European Commission’s science
and knowledge service. It aims to provide evidence-based scientific support to the European policymaking
process. The scientific output expressed does not imply a policy position of the European Commission. Neither
the European Commission nor any person acting on behalf of the Commission is responsible for the use that
might be made of this publication.

Contact information

Name: Timotheos Altzitzoglou

Address: European Commission, Joint Research Centre, Directorate for Nuclear Safety and Security
Email: timotheos.altzitzoglou@ec.europa.eu

Tel.: +32 14 571266

JRC Science Hub

https://ec.europa.eu/jrc

JRC105477

EUR 28431 EN

PDF ISBN 978-92-79-65276-9 ISSN 1831-9424 doi:10.2760/030337

Luxembourg: Publications Office of the European Union, 2017

© European Atomic Energy Community, 2017

The reuse of the document is authorised, provided the source is acknowledged and the original meaning or
message of the texts are not distorted. The European Commission shall not be held liable for any consequences
stemming from the reuse.

How to cite this report: Timotheos Altzitzoglou, Petya Malo; Evaluation of the 2016 ENV57/MetroERM
measurement comparison on simulated airborne particulates: *’Cs, '3*Cs and 3! in air filters; EUR 28431 EN;
doi:10.2760/030337

All images © European Atomic Energy Community, 2017



Contents

ACKNOW A GBI NS Lottt e e e 1
Y 1] o =T 3
3 1 ) o o Yo [ Lo oo o T PP 5
2. The 2016 ENV57 MetroERM measurement COmMpariSON......coveeviiiiiiiiiieiiieinnennnnns 7
2.1 Description of the sample ..o 7

2.2 Participating [@boratories ..o 7

ARG 0= o o] T o Lo le) i o =TT U1 L ot 8

2.4 Timetable of the ILC ... e e e 8

3. The Reference ValUe .. ... e e e as 9
3.1 Standardisation of the spike solUution.......ccoiiiiii i 9

0 T R 10
3112 S s 11

0 T S 11

3.2 DIlIULIONS .ttt 12

3.3 Spiking of the air filters ... 14

3.4 ReferenCe Values . ..o 14

3.5 Quality control measuremMentS.....ooiiiiiiii 15

3.6 Influence of discrete spiked activity distribution on the counting efficiency... 15

4. Questionnaire on sampling method, air filter used and measurement conditions 20

5. Questionnaire on analytical and measurement procedures ..........ccovvviiiiiinnnnn. 21
6. Evaluation and comparison of the results ..o 22
6.1 Identification of outliers and normal distribution test.............coooiiiiiini. 22
6.2 Scores and evaluation Criteria ..o 23
6.2.1 Percentage differEnCe ....c.viiiiiii i i e e 23
(ST = o U 1o o1 o= 24
6.2.3 Compatibility teSt. v e 24
6.2.4 POMPIOL .. e 24

7 RESUIES e e 26
7.1 TGS it 26
7.1.1 RepOrted reSUILS .ouviieiiiii e 26
7.0, 2 EValUBEION ot 31
7.1.3 Parameters possibly influencing the results .........ccceviiiiiiiciiec e 35
7.1.4 Comparison to the 2003 and the 2014 ECILC .....cviiviiiiiiiiiiiiieienaeee 36

7.2 S sttt et 38
7.2.1 REPOrted reSUIES uiviiiiiii i e 38

A A LV =1 LU= o 43



7.2.3 Parameters possibly influencing the results: Coincidence summing

10 =T 01 o 46

7.3 Pl 48
7.3.1 REPOrted reSUIES cuiiriitiiii i e 48
7.3.2 EValuation ..o 54
7.3.3 Parameters possibly influencing the results ..o, 58
7.3.3.1 Decay during mMeasuremMeENT ... ..cciuiie i e e e e 58
7.3.3.2 Coincidence sumMmIing COMrECLION ...uiiviiiiiiiie it i it eiae e eieeaaes 59
7.3.3.3 Radioactivity transferred to the protective plasticbag....................... 59

/G T ] Lol [T =] o] 1= PP 61

8. CONCIUSIONS 1ttt e 63
XS] F =T = ol == PP 69
List of abbreviations and definitions .........cooeiiiiiii 71
TSy oo ) T 11 =T 73
LISt Of Al e e aas 75
e N P 78
Annex 1: List of participating laboratories per country (in alphabetic order) ...... 78
Annex 2: Communication to the partiCipants ............cccooiiiiiiiiiiiiiiiias 87
2A. EXPression Of INEEIESE ... i e e aaes 87
2B. Invitation e-mail and accompanying IEtter ...........ccuiiiiiiiiiiiiiiiiiiiiiiiiianaens 89
2C. Registration information (€=mail)..........ccoiiiiiiiiiii e 91
2D. Spiked air filter dispatch (e-mail) and accompanying letter........................ 92

2E. Information to participants during the measurement exercise .................... 95

2F. REPOItING FESUIES ...t e e e e 96
2G. Communication of preliminary results to the participants .......................... 97
2H. Invitation to the WOIrKSROPD .......ouiiuiiiiii i 101
Annex 3: First questionnaire sent to the participants to collect information on air
filters and SAmMPlING ...... ... 106
Annex 4: Responses of the participants to the questionnaire for collecting
information on air filters and Sampling ..........c.ciiiiiiiiiiii i 109
Annex 5: Type, material, size and form of the air filters used by the participalnltg
Annex 6: Sequence of spiked filters and quality control sources prepared for the
1026 ENV57/MEtrOERM ILC EXEICISE ....uuuiiniiiieiiitiiiaiitsiitesitesiteeitesineeaneannennes 115
Annex 7: Examples Of SPIKed filters ........ouuuiiiiiiii i 117

Annex 8: Quality control filters and sources, measurement results and their
deviation from the reference activity values ..........c.ccoooiiiiiiiiiiiiiiiiiiiianeens 118

Annex 9: Reporting form and second questionnaire for submitting the
MEASUIEMENT FESUILS ... vt i et e e e et a et a e aaneaaneaas 124

Annex 10: Responses to the second questionnaire accompanying the reporting
0 o/ PP 129



Annex 11: Coincidence summing correction factors as applied by the participants
.............................................................................................................. 131

Annex 12: Uncertainty budget as reported by the participating laboratories ..... 133






Acknowledgements

The authors would like to express their thanks to all participants from the 67
laboratories in 29 countries for their contribution to the successful completion of this
work. This interlaboratory comparison has been conducted in the frame of the ENV57
MetroERM EMRP project. The authors would like to thank Marc De Cort, JRC leader of
this project and Stefan Neumeier of PTB, coordinator of the entire MetroERM project
for their continuous interest and support to this work. Finally, they appreciate the
comments and suggestions of Mikael Hult, Head of the Radionuclide Metrology Sector
of the JRC Unit G.2-Standards for Nuclear safety, Security and Safeguards, reviewing
the manuscript.

This work was supported by the ENV57 MetroERM project under the European
Metrology Research programme (EMRP). The EMRP is jointly funded by the EMRP
participating countries within EURAMET and the European Union.






Abstract

In 2016, the European Commission (EC) Directorate-General Joint Research Centre
(JRC) Geel site (former Institute for Reference Materials and Measurements (IRMM))
organized an interlaboratory comparison (ILC) exercise on the measurement of '*'Cs,
134Cs and I in air filters. Similar exercises, although EC ILC, were organized in 2014
(Altzitzoglou and Maté, 2016) and in 2003 (Wéatjen et al., 2007); in both exercises the
measurand was *’Cs only.

The 2016 ILC, which is the subject of this report, was conducted in the frame of the
EMRP project with code ENV57 and entitled MetroERM "Metrology for radiological early
warning networks in Europe" project with the aim to optimise the metrological
foundation of measurements for monitoring airborne radioactivity and promote pan-
European harmonisation in data reliability.

The JRC participates in the ENV57 MetroERM project having the responsibility to carry
out a number of tasks. Work Package 3 (WP3) addresses the traceability of dose rate
and airborne radioactivity measurements and explicitly supports the process of
harmonisation of radiological data from early warning networks in Europe by
systematic investigations, comparison exercises and the publication of
recommendations. Task 3.2 of WP3 entitled "Traceability management for airborne
radioactivity" aims in developing traceable reference materials and standard sources
in the form of large-area spiked aerosol filters and conducting a laboratory comparison
exercise to quantify the performance of the airborne radioactivity measuring field
stations.

This report describes the full life cycle of the above mentioned comparison among 67
European laboratories monitoring radioactivity in the environment. JRC provided the
comparison samples, which were prepared individually for each laboratory using a
gravimetrically diluted solution of **’Cs, 3*Cs and 3!1. Reference values traceable to
the International System of Units (SI) and the International Reference System (SIR)
for gamma-ray emitting radionuclides were determined at the JRC. The samples were
made by gravimetrically dispensing the appropriate activity amounts, close to those
the laboratories routinely measure, on blank air filters provided by the participants. A
robust evaluation of the individual performance using three different approaches,
percentage difference (D+), E, humbers and PomPlots, is presented. Finally, for the
laboratories which have participated in the 2003 and 201 exercises, their performance
evolution in measuring *’Cs in air filters over the years, is examined.

All 67 participating laboratories reported valid results. The majority of the laboratories
reported reliable measurement results for *’Cs and '3**Cs; 56 (84%) out of the 67
participants reported values with a percentage difference from the reference value
within the +£20% range. Furthermore, 42 (63%) of the laboratories fulfilled the
criterion of the compatibility test based on E, numbers for *’Cs and 36 (54%) for
134Cs. As the calculation of the E, numbers takes into account the uncertainties on
both the measured activity and the reference value, the lower scores for the E,
numbers reveals that the uncertainty estimation is not adequate in many laboratories
and there is a need to improve their application of uncertainty propagation. An
observation for the **Cs results is a negative bias on the reported results compared to
the reference values, which might be partly attributed to a non-adequate summing
correction applied by some laboratories.

The evaluation of the performance of the laboratories on *3!I was complicated by two
effects. First, in a number of spiked air filters a fraction of the 3'I activity was
transferred to the protective plastic bag. Second, the integrity of the 3! activity
content of many spiked air filters was compromised to a variable degree.
Nevertheless, 20 (30%) laboratories reported results for '*'I with a percentage
difference from the reference value within the +£20% range and 9 (13%) with
compatible E, numbers. This performance is not satisfactory, but the difficulties
encountered have to be taken into account. A major output of this project is the



identification of the need of additional studies on how to perform reliable
measurements of radioiodine on air filters.

Overall, the majority of laboratories master their gamma-ray spectrometry analytical
procedures, including the counting efficiency calibration of the detection systems and
the corrections for coincidence summing. More attention has to be paid to the
elaboration of the uncertainty to obtain correct and realistic uncertainties on the
reported results.



1. Introduction

According to the Articles 35/36 of the Euratom Treaty (Euratom, 2012) and the
Commission Recommendation 473/2000 (2000/473/Euratom, 2000) derived from the
Euratom Treaty, the Member States (MS) of the European Union (EU) have the legal
obligation to inform the European Commission (EC) on a regular basis on the
radioactivity levels in their environment (drinking water, soil, air and mixed diet). In
order to obtain more information on the MS's measurement methods and on the
quality of their reported values for the radioactivity levels determined in their
environment, the EC has established the International Comparison Scheme for
Radioactivity Environmental Monitoring (ICS-REM) (Watjen, 2008).

The JRC-Geel (from 1993 to 2016 named '"Institute for Reference Materials and
Measurements' (IRMM) and earlier CBNM 'Central Bureau for Nuclear
Measurements') is one of the seven institutes of the European Commission’s
Directorate-General Joint Research Centre (JRC). In the frame of ICS-REM, the
Directorate for Nuclear Safety and Security and in particular the Radionuclide
Metrology Sector of the Standards for Safety, Security and Safeguard Unit of the JRC,
organises on request of the Directorate-General for Energy (DG ENER) the EC
Interlaboratory Comparisons (EC ILCs) since 2003. The aim of the EC ILCs is not only
to evaluate the results submitted by the participants but also to provide help and
advice to the participating MS laboratories via workshops and meetings on how to
improve the measurements and methods applied by them. During the last decade, the
test materials used in EC ILCs have included air filters (2003), soil samples (2010)
and foodstuff samples, such as milk powder (2005), bilberry powder (2011), mineral
water (2008) drinking water (2012) and **’Cs in air filters (2014). The approach of
JRC-Geel in organising the comparisons is sketched in Figure 1.

BIPM

Input ® SIR@BIPM
SIR@BIPM ®
provides KCRVs for
~ 60 radionuclides

National Calibra-

tion Service JRC-IRMM
Reference Value

CCRI(II)
Key Comparison

JRC-IRMM

BIPM and some
NMIs world-wide

Monitoring
labs

Hospitals
ICS-REM
intercomparison

Industry

Fig. 1. Key comparisons of CCRI(II) and traceability of the reference values for
samples provided by JRC for the interlaboratory comparisons amongst monitoring
laboratories (KCRV = Key Comparison Reference Value).

The EU Member States are obliged to report radiological monitoring data of airborne
radioactivity to the EC according to the Council Decision 600/87 (87/600/Euratom,



1987) and the Commission Recommendation 473/2000, (2000/473/Euratom, 2000).
These measurements are collected by the JRC in the European Union Radiological Data
Exchange Platform (EURDEP, 2016), which makes the non-validated radiological
monitoring data available in nearly real-time for the countries reporting to the system.
For the moment there are about 5000 operational stations to monitor the airborne
radioactivity and dose rate within the European early warning network and EURDEP,
but the number of stations with sampling equipment for radioactive particulates in air
is significantly lower (~240) than those with instrumentation for dose rate
measurements. Furthermore, the stations with sampling equipment use a wide variety
of different methods, instruments and air filters.

During a radiological emergency with trans-boundary implications in Europe, the
European Commission will issue recommendations to EU Member States based on data
from national early warning networks. Therefore, metrologically sound monitoring
data of ambient dose rate and airborne radionuclide activity concentrations, co-
ordinated with data from international radiological networks, are a prerequisite for
adequate environmental radiation monitoring in Europe.

The ENV57 MetroERM "Metrology for radiological early warning networks in Europe"
project (MetroERM, 2016) in the frame of the European Metrology Research Program
(EMRP) aims at optimising the metrological foundation of measurements (devices and
methods) for monitoring airborne radioactivity and promoting pan-European
harmonisation in data reliability for area dose rate measurements which are input to
the European Radiological Data Exchange Platform (EURDEP) and other monitoring
networks. It will provide the unique possibility to comprehensively address the
harmonisation of the radiological early warning networks in Europe - the largest and
most comprehensive environmental radiation monitoring system worldwide.

The JRC participates in the ENV57 MetroERM project, having the responsibility to carry
out a number of tasks. Work Package 3 (WP3) addresses the traceability of dose rate
and airborne radioactivity measurements and explicitly supports the process of
harmonisation of radiological data from early warning networks in Europe by
systematic investigations, comparison exercises and the publication of
recommendations.

Task 3.2 of WP3 entitled "Traceability management for airborne radioactivity" aims at
developing traceable reference materials and standard sources in the form of large-
area spiked aerosol filters and conducting a laboratory comparison exercise to quantify
airborne radioactivity field station performance. Deliverables D3.2.1 through D.3.2.8
are directly linked to the present intercomparison exercise, of which the JRC
undertook the organization and execution. Similar exercises, although EC ILC, were
organized in 2014 (Altzitzoglou and Maté, 2016) and in 2003 (Wé&tjen et al., 2007).

Initially, a questionnaire was conceived and distributed to all European network
operators to collect information relevant to the preparation of the exercise. From the
analysis of the answers, it was decided to conduct the ILC using '*’Cs, 13*Cs and *'I
as measurands, a change from the two previous similar exercises where '*’Cs only
was present in the distributed samples.

The aim of this ILC (or Proficiency Test (PT)) exercise was to quantify the performance
of field stations measuring the airborne radioactivity. The participating laboratories
provided blank air filters of the type they routinely use, which the JRC spiked
gravimetrically with known amount of radioactivity individually for each laboratory and
returned to them on February 22 and 23, 2016. For this exercise, the filters were
spiked with **’Cs, '**Cs and **'I and with activities close to those the laboratories
routinely measure, i.e. in the range from 0.2 to 5.0 Bq for '*’Cs, from 0.4 to 6.1 Bq
for 1**Cs and from 0.6 to 8.7 Bq for 3I,.

The ILC was accompanied by a second questionnaire to collect information about
sample collection, measurement and analysis, as routinely carried out by the



participating laboratories. The deadline to report the measurement results and submit
the answers to the second questionnaire was 29 March 2016.

The aim of the present ILC was to obtain an overview of the quality of the results
reported, of the application of the measurement methods by the participating
laboratories and of any changes that have occurred since the last similar exercises in
2014 and 2003.

This report presents in detail all phases of the ILC organized and conducted in 2016,
the description of the intercomparison sample preparation at JRC, the analytical
methods used by the laboratories, the treatment of the data reported by the
participants and, finally, the evaluation and comparison of the results to the reference
values. A robust evaluation of the performance of individual laboratories was
performed using three different approaches: percentage difference (Do), E, numbers
(IS0, 2005a), and 'PomPlots' (Pommé, 2016).

2. The 2016 ENV57 MetroERM measurement comparison

2.1 Description of the sample

Nature: blank air filters provided by the participating
laboratories spiked with a known amount of !*’Cs,
134Cs and '°'I at JRC-Geel

Reference date: 1 March 2016 0:00 UTC

Activity levels: air filters spiked with activity levels similar to those
which the laboratories routinely measure, and in
every case, activity levels above the reported
detection limit (*’Cs activity ranging from 0.2 up 5.0
Bg, **Cs activity ranging from 0.4 up 6.1 Bq, *'I
activity ranging from 0.6 to 8.7 Bq)

Shipping: spiked air filters sealed in double plastic bags were
sent via regular mail to the participating laboratories

2.2 Participating laboratories

In December 2015, the JRC invited laboratories routinely measuring radioactivity in
exposed air filters to participate at the 2016 ENV57/MetroERM interlaboratory
comparison.

The laboratories participating in this ILC were 67 European laboratories from 29
countries, of which 61 from 26 EU Member States (MS) and 2 from Norway, 1 from
Switzerland and 2 from Turkey. Of these laboratories, 57 had participated in the 2014
EC ILC and 26 in the 2003 EC ILC. Seven of the participating laboratories are also
partners in the ENV57 MetroERM project.

All laboratories that registered to the ENV57/MetroERM ILC reported their results for
all three radionuclides. The list of all participating laboratories is given in Annex 1.
Since the anonymity is a requirement in this ILC, the identity of the laboratories is not
shown in this compilation of the results. The laboratory numbers used throughout the
data evaluation in this report are not related to the order of listing the participants in
Annex 1, but to the Laboratory Code communicated only to the corresponding
laboratory.



2.3 Reporting of results

The results for the activity per filter as well as the associated combined uncertainty
with coverage factor k had to be reported in the unit Bqg.

The reporting of the results together with a questionnaire was performed via an online
reporting system, operated by JRC-Geel. Participants were asked to answer all
relevant questions regarding the measurement procedure they followed. Information
given in this questionnaire was essential for the evaluation of the ILC results.
Moreover, it allowed to find possible sources of difficulties and to get an overview of
the methods used by the laboratories.

The reference date for all results was 1 March 2016 0:00 UTC.

Table 1. Recommended nuclear data for the three radionuclides of interest (standard
uncertainties in parenthesis (k=1)) (DDEP, 2016).

Half-life Energy Photons per
Nuclide 100
(d) (keV) disintegrations
137¢s 10975 (29) 661.7 84.99 (20)
563.2 8.342 (15)
569.3 15.368 (21)
134¢Cs 754.0 (5) 604.7 97.63 (8)
795.9 85.47 (9)
802.0 8.694 (16)
284.3 6.14 (6)
1311 8.0233 (19) 364.5 81.2 (5)
637.0 7.12 (7)

2.4 Timetable of the ILC

26 November 2015:
11 December 2015:
8 January 2016:

February 2016:

22-23 February 2016:

29 March 2016:

7-8 April 2016:

20 September 2016:

expression of interest
invitation letter was sent to the interested laboratories

nominated laboratories sent the blank air filters, together
with information on their routine measurement conditions

spiked air filters were prepared

spiked air filters were sent to the participants via express
mail (DHL) together with relevant information on the ILC

laboratories submitted their results and answered a second
questionnaire with information on the air filter measurements

workshop organized for the participants and the preliminary
results presented

preliminary results were officially sent to participants



All registered communication with the participants related to this ILC can be found in
the Annexes of the present report.

3. The Reference value

3.1 Standardisation of the spike solution

For the present ILC exercise three radionuclides had been chosen as measurands,
137cs, 13%Cs and '*'I. These three could be considered the major radionuclides to
monitor following a nuclear accident, like that in Chernobyl. The determination of **’Cs
is simple and straightforward, as it needs no specific corrections. The '**Cs had been
selected for its significant coincidence summing effect, which calls for appropriate
corrections. Finally, '3!1 is interesting as it is seldom included in ILCs. It is short lived,
easy to measure and it does not present significant coincidence summing effect.
Despite its pronounced volatility, it had been chosen to be included in this exercise
and it will check for proper application of the decay correction, the correction for decay
during measurement and the proper handling of he air filter to avoid loss of the
volatile iodine.

An additional difficulty lies in the low to very low activity levels (close to detection
limit) and the possible deviation from the routine counting geometry and thus
counting efficiency due to the imperfect spiking homogeneity of the filters with the
radioactive solution.

The standardisation of the solutions of the three radionuclides used for spiking of the
air filters was performed at the JRC-Geel by liquid scintillation counting (LSC).
Gamma-ray spectrometry and counting with an ionization chamber were used as
secondary methods and as an additional link to older traceable standard solutions.

For the LSC, the efficiency tracing method developed by CIEMAT/NIST (Grau Malonda
and Garcia-Torafio, 1982) was used. The principle of the CIEMAT/NIST efficiency
tracing method is a combination of theoretical calculations of the radionuclide beta
particle counting efficiency and an experimental determination of correction factors
with the help of a tracer radionuclide, 3H in this case. For the CIEMAT/NIST efficiency
tracer method, the computer code CN2005 (Gtlinther, 2002) was employed to calculate
the radionuclide counting efficiencies. As tracer, the IRMM tritiated water standard was
used (Spernol and Denecke, 1964; Makepeace et al, 1998).

All sources were prepared gravimetrically using a Mettler AX26 (Mettler-Toledo,
Greifensee, Switzerland) mass comparator, calibrated using traceable weights. To
prepare the LSC sources, aliquots of the radioactive solution were gravimetrically
dispensed using the pycnometer method (Sibbens and Altzitzoglou, 2007; Campion,
1975) into 20-mL low-potassium glass LSC vials containing 15 mL of UltimaGold®
(PerkinElmer, Boston, MA, USA) liquid scintillation (LS) cocktail, mixed with 1 mL of
deionized water. In a similar way, for the gamma-ray spectrometric measurements,
the radioactive solution was dispensed by means of a pychometer onto a plastic foil
supported by a 34-mm thin stainless steel annulus and covered by another plastic foil
after drying completely.

The LSC sources were measured using a Packard 3100 Tri-Carb TR/AB (PerkinElmer,
Boston, MA, USA) liquid scintillation counter and a Wallac Quantulus 1220
(PerkinElmer, Boston, MA, USA) LSC. For the gamma-ray measurements, two high-
purity germanium (HPGe) detector systems were used, one with a 36% relative
efficiency co-axial detector (Detector A) and the other with a 92% low-background co-
axial detector (Detector B) (Canberra Industries, Inc., Meriden, CT, USA). The first



detector was housed in a 10-cm thick Pb shield of circular cross-section, lined with 1
mm Cd and 1 mm Cu; the inner 2 cm of the Pb shield was made of high radiopurity
Pb. The latter was housed in a 5-cm thick Pb shield of square cross-section. Both
detectors were connected to commercial analogue electronics.

The gamma-ray spectra analysis was performed using the GammaVision-32 software
program (ORTEC, Oak Ridge, TN, USA) and the data analysis for both the gamma-ray
analysis and the LSC analysis was done with custom made spreadsheets. Figure 2
shows a typical gamma-ray spectrum of all three radionuclides of interest.

7 134
137
o Cs Cs

134
3 /
2

Cs

Counts
w
1

107 | | | |
0 200 400 600 800 1000
Energy (keV)

Fig. 2. Typical gamma-ray spectrum of a mixture of the three radionuclides of
interest, 1*’Cs, **Cs and '3!I. The most abundant peaks are indicated.

3.1.1 %7Cs

Seven sources were gravimetrically prepared from the first dilution B1 of the original
mother solution (A1) of *’Cs and 4 from the second dilution (C1). The amount of
radioactive solution in each source ranged from 12 to 45 mg for B1 and from 35 to 57
mg for C1. All sources were measured 17 times (for 20 minutes each per run) using
the Packard LSC and 6 times (for 15 minutes each per run) using the Quantulus LSC
over a period of one and a half month. The search for possible impurities and
especially for **Cs by high resolution gamma ray spectrometry was negative.

The activity concentration of the mother solution was found to be 3.50 (3) MBq g™ on
the reference date 1 March 2016 0:00 UTC. As usually, the numbers in parentheses
are the numerical values of the combined standard uncertainties u. expressed in the
unit of the quoted result.

Traceability was guaranteed by using the exact same method as for participation at
the ongoing comparison BIPM.RI(II)-K1.Cs-137 (Ratel et al., 2005a), following the
standardisation of **’Cs for the EC ILC organised in 2003; the standardised solution of

10



137Cs of the 2003 campaign was submitted together with the results of the described
standardisation at JRC-Geel as entry into the International Reference System (SIR) of
the Bureau International des Poids et Mesures (BIPM) in order to establish traceability
of the activity values of the spiking solutions and subsequently of the reference values
of spiked activities on filters. The results of the measurements in the SIR at BIPM, are
confirming traceability. The degree of equivalence for our laboratory with respect to
the reference value (Di=(X;-Xrer)) Was -0.19 MBqg with an uncertainty of 0.32 MBq,
which means that the JRC result was 0.73% lower than the reference value with an
uncertainty on this difference of 1.16% (k=2).

In addition, 3 sources were prepared with 9 to 36 mg from the dilution B1 and 2 with
11 and 43 mg from the dilution C1 for gamma-ray spectrometry. The sources were
measured at two different distances from the detectors, a close one and a farther one,
against similar sources prepared during the 2003 EC ILC campaign and the 2014 EC
ILC campaign and the discrepancy was determined to be less than 1%.

3.1.2 134Cs

Seven sources were gravimetrically prepared from the first dilution B1 of the original
mother solution (A1) of **Cs and 4 from the second dilution (C1). The amount of
radioactive solution in each source ranged from 10 to 45 mg for B1 and from 20 to 54
mg for C1. All sources were measured 31 times (for 20 minutes each per run) using
the Packard LSC and 6 times (for 15 minutes each per run) using the Quantulus LSC
over a period of one and a half month. No impurities were detected in the solution by
high resolution gamma-ray measurements checking for possible impurities and
especially for *’Cs.

The activity concentration of the mother solution was found to be 35.5 (4) kBq g™ on
the reference date 1 March 2016 0:00 UTC. As usually, the numbers in parentheses
are the numerical values of the combined standard uncertainties u. expressed in the
unit of the quoted result.

Traceability was guaranteed by using the exact same method as for participation at
the ongoing comparison BIPM.RI(II)-K1.Cs-134 (Ratel et al., 2005b; Ratel et al.,
2007), following the standardisation of '3**Cs in 2003; the standardised solution of
134Cs of 2003 was submitted together with the results of the described standardisation
at JRC-IRMM as entry into the International Reference System (SIR) of the Bureau
International des Poids et Mesures (BIPM) in order to establish traceability of the
activity values of the spiking solutions and subsequently of the reference values of
spiked activities on filters. The degree of equivalence for our laboratory with respect to
the reference value (D;=(Xxi-Xrer)) Was -69 kBq with an uncertainty of 75 kBq, which
means that the JRC result was 0.68% lower than the reference value with an
uncertainty on this difference of 0.74% (k=2).

In addition, 3 sources were prepared with 11 to 39 mg from the dilution B1 and 2 with
32 and 41 mg from the dilution C1 for gamma-ray spectrometry. The sources were
measured at two different distances from the detectors, a close one and a farther one,
against similar sources prepared during the 2003 EC ILC campaign and the
discrepancy was determined to be less than 1%. Additional measurements using an
ionisation chamber gave results higher by 0.7% compared to those obtained by LSC
and gamma-ray spectrometry.

3.1.3 131

Ten sources were gravimetrically prepared from the original mother solution (Al) of
1311 with an amount of radioactive solution in each source ranging from 13 to 55 mg.
All sources were measured 16 times (for 20 minutes each per run) using the Packard

11



LSC and 4 times (for 10 minutes each per run) using the Quantulus LSC over a period
of one and a half month.

The activity concentration of the mother solution was found to be 6.12 (6) kBq g™* on
the reference date 1 March 2016 0:00 UTC. As usually, the numbers in parentheses
are the numerical values of the combined standard uncertainties u. expressed in the
unit of the quoted result.

A further confirmation of the JRC result was obtained by gamma-ray spectrometry
measurements. Three point sources were prepared with 23 to 43 mg from the mother
solution Al for gamma-ray spectrometry. The sources were measured at two different
distances from the detectors, a close one and a further one. The results agree well
with the activity concentration result obtained by LSC within the corresponding
uncertainties, as the discrepancy was determined to be less than 1.5%. It is worth
noticing that the activity concentration on the certificate by the Czech Metrology
Institute (CMI), supplier of the material, was 202.4(2) kBq g! on 20-01-2016, or
4.3% lower than that measured at JRC-Geel.

3.2 Dilutions

In order to approximate the activity level measured at each participating laboratory
under routine conditions with the appropriate amount of spiked *’Cs, ***Cs and 3!I on
the filters, five different diluted solutions (E1, E2A, E3, E4, E5) were prepared
following the preparation scheme shown in Figure 3. The standardised mother solution

Table 2. Dilutions and dilution factors with their combined standard uncertainties u,
(in parentheses).

Soluti Cod Dilution factor D
olution ode

137¢Cs 134cs 1311
solution | A1 1 1 !
Dilution B1 98.24 (2) 1 1
Dilution c1 887.7 (2) 10.0218 (9) 1
Dilution D1 9092 (2) 75.368 (7) 9.1542 (3)
Dilution D2A 11111 (6) x10* 657.3 (2) 93.91 (3)
Dilution D3 12500 (7) x10* 751.2 (2) 92.08 (3)
Dilution D4 7171 (7) x10? 3633 (2) 386.6 (2)
Dilution D5 947 (1) x10° 4432 (2) 476.4 (3)
Dilution E1 9571 (2) x10* 793.5 (1) 96.37 (1)
Dilution E2A 8969 (5) x10? 5306 (2) 758.1 (3)
Dilution E3 7519 (4) x10? 4519 (1) 553.9 (2)
Dilution E4 3990 (4) x10° 20215 (8) 2151 (1)
Dilution E5 842 (1) x10* 3939 (2) x10! 4233 (2)
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(A1) of *’Cs was first diluted via two intermediate dilutions (B1 and C1). The diluent
was a solution of 50 pyg mL?* Cs* (as CsCl) in 0.1M HCI. The standardised mother
solution (A1) of '3*Cs was first diluted via one intermediate dilution (B1). The diluent
was equally a solution of 50 pg mL™ Cs* (as CsCl) in 0.1M HCI.

Then, aliquots from the C1 dilution of '*Cs, from the B1 of **Cs and the mother
solution (A1) of *'I were gravimetrically added to 5 vials containing given amounts of
a solution of 25 mg g* KI and 25 mg g™ Na,S,05 to produce the dilutions D1, D2A, D3,
D4 and D5. Therefore, the D series dilutions contain all three radionuclides at various
levels. Furthemore, methylene blue, used to visualise the spikes on the filters, was
gravimetrically added to each of the dilutions.

Finally, the D series dilutions were further diluted by adding amounts of a solution
containing 25 mg g * KI and 25 mg g Na,S,0; to produce the dilutions E1, E2A, E3,
E4 and E5. Those final dilutions were used to spike the air filters.

Table 2 lists the solutions and dilution factors including the addition of methylene blue.
The numbers in parentheses are the numerical values of the combined standard
uncertainties u. expressed in the unit of the quoted result. In Figure 3 the dilution
scheme is shown schematically together with the approximate dilution factors and the
activity concentration of each of the solutions prepared.

137Cs 134Cg 131)

Al Al Al
3.60 MBq g** 31 kBq g 7 kBq g!

c1i
3.9kBqg?!
D=9

\

B1
36.6 kBq g
Dx98

D4 D5
D1 D2A D3
Dx10-7.5-9 D=x125 - 66 - 94 D=140-75-92 [3):5808 e 2761067 44z

| 1 R
i B B B B

Fig. 3. Preparation scheme of the '¥Cs, '**Cs and *3'I dilutions.
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It should be noted that all dilutions were prepared gravimetrically for utmost
traceability and small uncertainty on the dilution factors. In addition, quantitative
sources were prepared from all dilutions for quality control by both liquid scintillation
counting and gamma-ray spectrometry. The results of these measurements for the
last two dilution steps D and E are presented in Annex 8 and confirm the gravimetrical
dilution factors, with the exception of *'I, which will be discussed later. The scatter of
the results is large and it is due to counting statistics; many sources had to be
measured in short time. In addition no optimization was done for the counting
efficiency for the filter geometry.

3.3 Spiking of the air filters

On the basis of the information provided by the participating laboratories in the
relevant questionnaire, the 3’Cs, '**Cs and '3!1 activity per filter and the spiking
pattern was determined for each filter individually. The amount of the radioactivity
spiked onto each filter was chosen to resemble the activity routinely measured by the
corresponding laboratory in a whole filter (or set of filters if it measures several at the
same time). In cases where the laboratory declared to usually measure (sets of) filters
with activities below detection limit, an activity higher than the declared detection
limit was distributed.

The JRC Radionuclide Metrology Sector prepared 67 air filters (Annex 6) by depositing
on each of them gravimetrically an amount from one of the standard solutions E1,
E2A, E3, E4 and E5, containing *’Cs, ***Cs and *'1. Each participating laboratory in
this ILC exercise had sent two blank filters of the type it is routinely using and after
spiking one of them at JRC with the '*’Cs, '**Cs and '*'I solution, the filters were
returned to the participants in order to be measured according to their routine
procedure. The second blank filter was kept in reserve. The types, materials,
dimensions and shapes of the air filters are given in Annex 5.

Since a uniform distribution of spikes was not feasible, depending on the filter size
about 10 to 100 droplets were dispensed gravimetrically using a pycnometer, in a
more or less symmetric pattern on the air filter. In any case, the spiked spots could
easily be distinguished due to their methylene blue color, which allowed accounting for
their discrete distribution when preparing the filters for measurement or when
calculating counting efficiency corrections.

Where the filter was large enough, the filter was folded up in a way that the active
part came into the centre of the pack such that any substance falling off the filter
during transport by regular mail would still be caught in the surrounding filter and
thus would not be lost. In the case of small filters this solution was not possible,
therefore, the laboratories were asked to also measure the empty plastic bag in which
the samples were shipped (or to measure the filter inside the bag) in order to verify
that no losses from the filter had occurred.

Various spiked filters are shown in Annex 7. In many of the filters (e.g. those made of
polypropylene or glass fibres) spiking became difficult due to the hydrophobic nature
of the filters. The drops of radioactive solution were not absorbed into the filter
material, therefore, the spiking had to be followed by several hours of drying at room
temperature.

3.4 Reference values

The reference activity values, i.e. the spiked activities on the filters, were calculated
using the activity concentration of the mother solution determined by primary
standardisation and the gravimetrically determined dilution factors (Table 2) of the
spiking standard solutions E1, E2A, E3, E4 and E5. The mass and activity of the
dispensed solution on each filter was determined once per filter by weighing the
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pycnometer before and after depositing the total number of drops on the
corresponding filter. Tables 5, 10 and 14 show the reference values A, for the
deposited 1*’Cs, **Cs and 3!I activity, respectively, on each filter and its combined
standard uncertainty u.. The standard uncertainty of activity includes the uncertainty
contributions from the primary standardisation, the dilutions and the weighings of the
filter spiked aliquots. The lowest activity of *’Cs, '**Cs and 3!I spiked on an air filter
was 0.2, 0.4 and 0.6 Bq respectively and the highest values were 5.0, 6.1 and 8.7 Bq,
respectively. The reference date for reporting the activity (and likewise of the
reference values) is 1 March 2016 0:00 UTC. The numbers in parenthesis are the
expanded uncertainties U with coverage factor k=1.

3.5 Quality control measurements

For the purpose of quality control, sources were prepared at each stage of the
preparation of the dilutions and the spiking of the filters. Especially for the filter
spiking control, 15 additional filters (Whatman 42 ashless 70 mm) and 7 point
sources were produced. Table A-6 in Annex 6 lists in sequence all filter samples
prepared for the participating laboratories as well as all control samples. It shows
clearly, how well the quality control samples interleave the rest of the samples
prepared.

The 15 spiked control filters and the 7 point sources were measured by gamma-ray
spectrometry at the JRC-Geel, using the two HPGe detectors mentioned in Section 3.1.
Some of the sources were measured by both detectors. The point sources were
measured at a close distance (2 mm) from the detector window and the counting
efficiency calibration was performed with similar standard point sources. The filters
were measured in their protective plastic bags and placed directly on the detector
window. The acquisition time ranged from 4 to 64 hours. No attempt was made for
further geometry corrections, as the results were treated in a relative way, just to
confirm the integrity of the dilutions. Due to the large number of quality control
sources to measure, the low spiked activity and the limited time, the counting
statistics were not optimal. In conclusion, the measurement results confirm the
activity concentrations determined from the gravimetric dilution and spiking procedure
for ¥’Cs and '**Cs. However, for *I are not satisfactory and they will be discussed
later.

The measured activity, its ratio to the reference value and its relative deviation from
the reference activity, calculated from the mass of the spiked solution and its activity
concentration and expressed in percent, are given for the quality control filters in
Tables A-7a and A-7b, while those for the point sources in Tables A-8a and A-8b of
Annex 8. The uncertainty is the expanded uncertainty combining both the uncertainty
on the measured and reference values. All results are calculated for the reference date
of 1 March 2016 0:00 UTC. Figure A-1 of Annex 8 shows the ratio of the measured to
the reference activity for the quality control filters and for all three radionuclides.
Figure A-2 shows the corresponding ratio for the point sources.

3.6 Influence of discrete spiked activity distribution on the
counting efficiency

The activity distribution collected by air aspiration on air filters is presumably uniform
(in the sense of continuous) and assumed mostly homogeneous, although exceptions
may exist. The spiked air filters prepared for the present ILC campaign have been
prepared by discretely depositing aliquots of a standard radioactive solution on the
filters. Therefore, the activity distribution on the spiked filters is discrete and
symmetric, but not continuous. When considering a small part of the filter, one can
thus claim that the distribution is inhomogeneous. The more drops deposited, the
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closer to a homogeneous distribution. This inhomogeneity is expected to affect the
counting efficiency, but there are more parameters influencing the counting efficiency,
which we will make an attempt to quantify.

A second parameter is the size of the deposited drops. Although the deposited solution
mass, and thus activity, per drop is rather constant, depending on the quality and
material composition of each filter the drop spreads to a smaller or larger area.

A third parameter for the determination of the spiked activity on the air filters is the
counting geometry. For the smaller filters the usual geometry is placing the filter in
front of the detector, either on the detector window or at a certain distance from the
detector window. For larger filters the usual way is to fold in a suitable manner the
filter, or even press it to form a pellet and then place it in front of the detector. Unless
the folding brings for some specific reason most of the active spots closer or further
from the detector, it is expected that folding the filters distributes uniformly the active
spots and consequently improves the homogeneity of the activity distribution.

A fourth parameter could be the size (active diameter) of the counting detector, giving
an advantage to larger detectors, as in that case, because of the subtended solid
angle, the active area of the filter is better covered by the detector.

In order to study the influence of those parameters on the counting efficiency for the
measurement of the spiked air filters, a number of Monte Carlo simulations have been
performed using the GEOLEP proprietary computer code (Solé, 1990; Lépy et al.,
2010).

The counting efficiency has been calculated for three different HPGe detectors (of
different Ge crystal sizes) and for 3 different filter sizes spiked in different patterns
and with different number (9 or 16) and size of active spots (0.3, 0.7 and 1.0 mm in
diameter). The size of the detectors modelled was g58.5 x 53.5 mm (Detector A), @77
x 78 mm (Detector B) and ¢80 x 30 mm (Detector C). The dimensions, matrix
composition and density of the air filters, as well as the dimensions of the detectors
have been used as model inputs to the Monte Carlo code. The simulations assumed
that the gamma-ray emissions were isotropic and uncorrelated. The uncertainty of the
Monte Carlo simulations was in all cases better than 1%.

The filters in Figure 4 depict the different cases which have been modelled and
Tables 3a and 3b give more details, as well as the results of the Monte Carlo
simulations. The last column in the tables gives the percent deviation of the calculated
counting efficiency for the spiked air filters from that of an air filter of the same size
but with a homogeneous activity distribution.

From Tables 3a and 3b and the simulated counting efficiency results it is shown that
for active filter areas smaller than or equal to the detector active areas, the
discrepancies of the counting efficiency between discrete and homogeneous activity
distribution is not large and, in the studied cases, below 5%.

However, the worst case scenario was that of Detector C and the larger filter size of
130-mm diameter and a 110-mm diameter active area, which resulted in an
overestimation of the efficiency by 35.6% or an underestimation of the activity by the
same percentage, most probably because the active spots are placed closer to the
center of the detector, whereas on a homogeneous exposed filter the active area on
the filter extends further from the center of the detector. If more spots are added
towards the circumference (red spots in Figure 4c) and the calculations are repeated,
the underestimation of the activity is reduced to 10.7%. If we compare the efficiency
result to that of a 100-mm diameter active area (more realistic as the spots do not
reach the edge of the 100-mm circle) then we will find it only 0.6% lower than that for
the homogeneous source.

From these calculations, it can be concluded that the most critical parameter to
simulate an exposed air filter, is not the quasi-homogeneous distribution of the active
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spots, or the size of the spots, or their number. Instead, it is crucial to cover with
active spots the entire area, which is normally loaded with activity in a real exposed
filter. Activity deposited more to the center of the filter will increase the apparent
counting efficiency and give higher activity results (if the efficiency is not appropriately
corrected). Too much activity placed closer to the circumference will lower the
apparent counting efficiency and give lower activity results.

(o)

Fig. 4. Different cases of spiked air filters, which have been modelled for Monte Carlo
simulations to calculate counting efficiencies with some typical detectors.
a) g70-mm filter with 9 active spots
b) #110-mm filter with 16 active spots and
¢) #130-mm filter with 16 active spots and (including the red dots) 24 active spots
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Table 3a. Deviation of the counting efficiency of a spiked filter from that of a filter
with homogeneous distribution of the activity as calculated using the Monte Carlo code
GEOLEP (see text). Calculations are performed for two different detectors (A and B),
two different sizes of the homogeneous active area (850 and 60 mm) and three
different diameters of the 9 active spots (g3, 7 and 10 mm).

. Efficiency
Detector and Homoge- | Number of | Diameter of deviation from
Ge crvstal size Measure- Filter |neous active| active active spots the
(dia %ei ht in ment diameter area spots on on the homogeneous
’ 9 geometry | (mm) diameter |the spiked | spiked filter mogene
mm) . distribution
(mm) filter (mm) (%)
3 -4.27
50 9 7 -4.50
on 10 -5.09
detector 70
window 3 6.62
60 9 7 6.38
Detector A 10 5.71
358.5 x 53.5 3 -2.92
50 9 7 -3.16
10 -3.63
at 10 70
mm 3 4.67
60 9 7 4.42
10 3.91
-2.54
50 9 7 -2.67
on 10 -2.98
detector 70
window 3 4.01
60 9 7 3.88
Detector B 10 3.54
877 x 78 3 -1.96
50 9 7 -2.13
10 -2.25
at 10 20
mm 3 2.86
60 9 7 2.68
10 2.56
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Table 3b. Deviation of the counting efficiency of a spiked filter from that of a filter
with homogeneous distribution of the activity as calculated using the Monte Carlo code
GEOLEP (see text). Calculations are performed for two different detectors (A and B),
two different sizes of the homogeneous active area (90 and 110 mm) and three
different diameters of the 16 active spots (83, 7 and 10 mm). A third detector (C) was
introduced as well and the counting efficiency for filters with homogeneous active area
of 110 mm and g100 mm was simulated for 16 and 24 active spots (see Figure 4c).

Homoge- | Number of | Diameter of Efficiency
Detector and M Fil g€ . - deviation from
Ge crystal size easure- _ ilter neous active active active spots the
(dia.xheight in ment diameter area spots on on the homoaeneous
’ 9 geometry | (mm) diameter | the spiked | spiked filter mogene
mm) . distribution
(mm) filter (mm) (%)
-5.63
90 16 7 -5.83
on 10 -5.82
detector 110
window 3 4.24
100 16 7 4.02
Detector A 10 4.03
¢58.5 X 53.5 3 -4.53
90 16 7 -4.61
10 -4.52
at 10 110
mm 3 3.94
100 16 7 3.86
10 3.96
-5.55
90 16 7 -5.66
on 10 -5.55
detector 110
window 3 4.94
100 16 7 4.82
Detector B 10 4.95
977 x 78 3 -3.82
90 16 7 -3.89
10 -3.82
at 10 110
mm 3 4.08
100 16 7 4.01
10 4.08
Detector C on 110 16 15 35.6
detector 130 24 15 10.7
280 x 30 window 100 24 15 06
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4. Questionnaire on sampling method, air filter used and
measurement conditions

In the preparative phase of the exercise the participants were asked to fill in a
questionnaire (Annex 3) in order to receive air filters spiked with activity levels similar
to those which the laboratories routinely measure and to allow them to measure
following their usual procedure and measurement geometry. The questionnaire
focused on two main fields: (1) general information and (2) measurement details. The
questionnaire, besides general information, required information on the sampling
method, the air filter used and the measurement conditions. The compilation of the
answers provided by the participants to the questionnaire is described in this chapter
and in Annex 4.

The first part of the questionnaire collected general information about the
organisations and laboratories. The questions were grouped into four major topics: 1)
contact details, 2) identity of laboratory, 3) accreditation and 4) previous participation
in EC ILCs. On the basis of the answers to the question "What is the type of your
laboratory?" it could be concluded that almost all (63 out of 67) participating
laboratories monitor radioactivity in the environment routinely. Regarding
accreditation, two thirds of the laboratories are accredited or certified primarily for
gamma-ray spectrometry measurements and one fifth of the laboratories are
authorised by the government or responsible body for radioactivity measurements in
the environment. Furthermore, most of the participants have already had experience
participating in EC ILCs; 57 laboratories had participated in the 2014 EC ILC and 26 in
both the 2003 and 2014 EC ILCs.

The second part of the questionnaire contained questions related to the technical part
of the measurements of radionuclides in air filter. Information on the air filter type
used, the air sampling methods and the radioactivity measurement was gathered. As
expected, air filters of various types and sizes are employed by the participating
laboratories (Annex 5). The most popular air filter materials were glass fibre,
nitrocellulose and polypropylene. According to size, they could be grouped in three
categories. On the basis of the second part of the questionnaire, it could be concluded
that all of the laboratories determine the radionuclides in air filters routinely, but there
are no harmonised protocols. No correlation was found between the type and size of
air filters, the sampling period, the total volume of air sampled per filter and the
sampling frequency, except the fact that if the air filter size is larger, then the total
volume of air sampled per filter is usually higher as well. The sampling frequency can
be on a daily, weekly, monthly or annual basis or only occasionally.

Finally, in order to decide on the spiking of the individual filters, information on the
minimum detectable activity (MDA), the typical activity level of *’Cs, 1**Cs and !*'I
measured per filter and any particular wish for a given spiking pattern or packaging
were collected in the second part of the questionnaire. The **Cs activity per filter (or
bunch of filters) measured routinely by the participating laboratories varied from
0.0001 to a few Bg with a mean of 9.62 Bq and a median of 0.10 Bqg, but in most
cases it is below their detection limit. Similarly, the ***Cs activity per filter (or bunch of
filters) measured routinely by the participating laboratories varied from 0.0001 to a
few Bg with a mean of 12.30 Bq and a median of 0.03 Bq. For the *'I activity, the
participants reported activities from 0.004 to a few Bg with a mean of 50 Bq and a
median of 0.04 Bqg. As many of the values reported were elevated, it can be that
mistakenly detection limits were reported instead. Additionally, besides the commonly
measured radionuclides, several natural and artificial radionuclides are routinely
determined by the laboratories, as indicated in Table 4.
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Table 4. Radionuclides measured by the participating laboratories.

Number of
Nuclide laboratories
reported
measuring
Be 60
137Cs 58
13lI 49
40K 47
134Cs 46
210Pb 42
226Ra 10
214pp, 214p; o
0gr, 0Co -
21ZBi 238U 228Ra 4
106Ru, IZSSb, 208-|-|’ 243Am, Gross ,
alpha/beta
22Na, 755e’ 95Nb, 952r, 103PU, 141Ce,
144Ce, 19zIrI 232Th, 234Th, 238Pu, 239Pu, 1
240py  NORM

5. Questionnaire on analytical and measurement
procedures

The descriptions of the analytical and measurement procedures applied by the
participants were collected by means of a questionnaire together with the reporting of
the results (Annex 9). This questionnaire was divided into three parts: (1) sample
treatment, (2) equipment used and (3) measurement and data evaluation including
uncertainty budget. The evaluation of the answers provided by the participants to the
questionnaire is described in this chapter and in Annex 10.

Most of the laboratories (62 or 92.5% of the total) reported that they followed their
routine procedures for the determination of activity in the spiked air filter. Three
laboratories (Laboratories 19, 22 and 65) mentioned that they usually measure a
stack of several (4-6) exposed filters in their routine procedure, one (Laboratory 57)
mentioned that folded the spiked filter instead of cutting it and another laboratory
(Laboratory 25) mentioned that they used software to correct for the difference in
active area from their usual geometry.

It was advised to the participants to measure also the inner protective plastic bag,
either together with the spiked air filter or separately, to ensure that no activity from
the filter was left in the bag. That proved to be the case for '*'I and it is explained
later. Measuring the plastic bag is not straightforward, though, especially those of the
large filters. Usually, it is not easy to fit the air filters together with the plastic bag into
the routinely used geometry or the geometry of the spiked air filter was not the same
as their routine samples. Thirty three laboratories (49%) measured the protective
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plastic bag together with the spiked air filter, 26 (39%) measured them separately
and 8 (12%) did not measure the plastic bag at all.

The filter preparation for the measurement in the participating laboratories varied
from no particular preparation at all, to pressing/compressing the spiked air filters,
folding, packing together with blank air filters or the combination of the previous
steps.

The majority of the laboratories used high-purity germanium (HPGe) detectors to
measure the spiked air filters, of which 79% were using digital signal processing and
21% analogue electronics. Six participants (Laboratories 8, 13, 15, 22, 28 and 54)
used self-developed software for the peak area determination and data evaluation,
while the rest used commercially available software. For the determination of the
counting peak efficiency of the detectors almost half of the laboratories (31
laboratories or 46%) used reference air filters made by spiking single or multiple-
nuclide standard solutions onto blank filters. Software was used by 15 laboratories
(22%) to determine the counting efficiency by computer simulation. Nineteen
laboratires (28%) used a combination of a multigamma standard source and
appropriate software. Two laboratories, probably erroneously, reported that no
efficiency calibration was performed.

The laboratories measured the sources for a minimum of 1 hour and up to 233 hours
(mean 53 h, median 47.9 h) as shown in Table A-10 of Annex 10. Respectively, the
background was measured for a period from 15 to 333 hours. For the determination of
the MDA, the laboratories used commercially available software and/or different
calculation methods based on the Currie method, ISO 11929/2010, Risg method, DIN
25482 or other methods.

6. Evaluation and comparison of the results

6.1 Identification of outliers and normal distribution test

In order to evaluate the performance of the laboratories, their measurement results
need to be compared to the individual reference activity value, i.e. the spiked activity
on each filter. The individual reported activities were normalised to their assigned
reference spiked activity by calculating the measured/reported-to-reference activity
ratio. u. (k=1) was determined according to the following equation:

2 2
u (A u (A
u, (Al 4,) = (%) + (4)
A, A
(1)
where

A is the activity value reported by the participating laboratory
u(A) is the standard uncertainty of a participant's result (k=1)
Ao is the assigned activity reference value
uc(Ao) is the standard uncertainty of the assigned reference value (k=1)

u(A/Ap) is the combined standard uncertainty of the ratio A/A, (k=1)

Due to the relatively small uncertainty of the reference values, the uncertainty of the
activity ratios measured versus spiked is dominated by the uncertainty of the
measured values.

The limit of acceptable precision was set to £20% deviation from the reference value.
A more tolerant £33% limit was also included for backwards compatibility with the
previous ILCs of 2014 and 2003. The 20% value was chosen as it was assumed that
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gamma-ray spectrometry - even with the low activity deposited by spiking on the
filters using a technique which cannot provide as homogeneous distribution of the
activity on the surface as the normal air sampling - can easily be performed within
such uncertainty.

The presence of statistical outliers among the reported results was investigated using
the Grubbs' test at a level of significance a=1% and a=5%, as suggested in ISO/IEC
5725-2 (ISO, 1994). Statistical analysis of the results was carried out for the different
working dilutions (E1 to E5) and for the ratio of the measured-to-reference
radionuclide activity, separately. The reference value of the working dilutions is based
on the standardised reference value of the mother solution and the gravimetrically
determined dilution factors. The laboratory values used for the statistical analysis
were calculated for each laboratory according to the following formula and grouped on
the basis of the working dilution used (E1 to E5):

c_A (2)
m

where

A is the activity value reported by the participating laboratory (Bq)
m is the mass of the dilution spiked by JRC on the surface of the air filter (g)

Moreover, the distribution of the data was tested using the normal probability plot and
the frequency histogram.

The z values are calculated according to the ISO 13528:2015(E), (ISO, 2015) in the
following way:

A
(E -1)
7=—9°0 (3)
O ot
where
A is the activity value reported by the participating laboratory
Ao is the assigned activity reference value
Opt is the standard deviation for proficiency assessment

6.2 Scores and evaluation criteria
6.2.1 Percentage difference

An alternative way of presentation albeit yielding no additional information versus the
ratio, is the percentage difference (ISO, 2005a). The percentage difference from the
reference activity value is calculated using the formula:

A-A4
D, = 0.100%
0 (4)
where
A is the activity value reported by the participating laboratory
Ao is the assigned activity reference value

For the environmental radioactivity measurements the criterion of £20% difference
from the reference value is mostly used.
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6.2.2 E, number

To take the expanded uncertainty of the reported results and that of the reference
values into account in the analysis, a performance test using £, numbers was applied
(ISO, 2005a). The calculation of the E, numbers was carried out according to the
following formula:

b - A- 4,
JU(A) +U(4,)’
(5)

where

A is the activity value reported by the participating laboratory

Ao is the assigned activity reference value

U(A) is the expanded uncertainty of a participant's result (k=2)

U(Ap) is the expanded uncertainty of the assigned reference value (k=2)

When uncertainties are estimated according to the Guide to the Expression of
Uncertainty Measurement (GUM) (ISO, 2008), a measurement result with its
uncertainty interval giving a level of confidence of 95% should overlap with the
reference value and its expanded uncertainty. Therefore, E, numbers are interpreted
as following:

If |E,] £ 1, the laboratory values are compatible with the reference value;

If |[E,| > 1, the laboratory values differ significantly from the reference values,

the sources of deviation should be investigated and corrected, "warning signal";
If |E,| > 1.5, there is an urgent need to investigate and find the sources of the

large deviation, "action signal”.

6.2.3 Compatibility test

The reference values, the reported values, the ratios, the percentage differences and
the E, numbers are given for each laboratory and for all three radionuclides in the
Tables 5, 10, 14.

For results to be compatible with the assigned reference values, they have to satisfy
both the percentage difference, Do, and and E, tests. This means that the percentage
difference should be withing the £20% limit from the reference value and the absolute
E, should be smaller than or equal to unity. The compatibility for each laboratory and
for the three radionuclides is given in the last three columns of Table 21.

6.2.4 PomPlot

In order to compare the results, a modern type of graph, the “PomPlot”, which
underlines the importance of the assigned uncertainties is applied.

The PomPlot, an intuitive graphical method, is used to produce an overview of the
results (Pommé, 2016). It displays the relative deviations (D/MAD) of the individual
results A from the reference value A, on the horizontal axis and relative uncertainties
(u/MAD) on the vertical axis (Figure 5). For both axes, the variables are expressed as
multiples of MAD, which is defined as the median of absolute deviation from the
reference value
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MAD = Median|D,, (i =1....,n) (1)

where D; is the difference between the reported and the reference activity:

b A
A

0 (2)
The median absolute deviation MAD is used because of its robustness.

For every datum point the uncertainty is calculated as an independent sum of the
reported combined uncertainties on A; and Ay

u’ = HE(A,- )+”3(A0)

i

(3)
u (4)=U), [k o u(4,)=U4,)/k (4)

where

reference value

ul/ MAD

_ 1 -
e B e o

/l High Undertainty l\
i ¥ Low Significance §

t f T f T f
4 -2 0 2 4
(x-x_)MAD

Fig. 5. Interpretation of the PomPlot (Pommé, 2016)

The C-scores, |{|=|D/u|=1, 2 and 3, are represented by diagonal solid lines, creating
the aspect of a pyramidal structure. The C-score is a measure for the deviation
between laboratory result and reference value relative to the total uncertainty (ISO,
2005a). The points on the right-hand side of the graph correspond to results that are
higher than the reference value whereas lower values are situated on the left. When
the uncertainty is small, the corresponding point is situated high in the graph. The
most accurate results should be situated close to the top of the pyramid. Points
outside of the {==x3 lines are probably inconsistent with the reference value.
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7. Results

All 67 participating laboratories registered to this ILC reported valid results for all
three radionuclides. Two laboratories reported shortly after the submission was closed
and their results were considered valid and were retained.

The Laboratory Code numbers in this report are those communicated to each
participant individually and they are confidential. They have no correlation with the
laboratory codes used during the exercise.

7.1 ¥7Cs
7.1.1 Reported results

Table 5 presents the reference activities of each individual spiked air filter, the activity
results as reported by the participating laboratories, the ratio of the reported to the
reference activity, the percentage difference (D%) of the reported to the reference
activity and the E, number, with their associated standard uncertainties (k=1) for the
case of '*’Cs. The Laboratory Code numbers are the confidential code numbers
communicated to the participants and have no correlation with the laboratory codes
used during the exercise.
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Table 5. '¥Cs reference (spiked) activity, activity result as reported by the participating laboratories, ratio of the reported to the
reference activity, percentage difference (D%) of the reported to the reference activity and E, number, with their associated standard

uncertainties (k=1).

Uncer- Reported ) Relative Standard Standard
Lab Refe_re_nce tainty Rep9r_ted uncer- Report | Uncertainty unc. Ratio uncer- Pe_rcentage uncer-
Code | 2ctivity u-(Ao) activity tainty -ed k uc(A)_ (Bq) | u(A)/ (A/Ao) tainty Difference tainty E,
A, (Bq) Bty | A (Bq) uA) |factor k=1 A (_%) Uc(A/Ao) Do, U.(A/Ao)
(Bq) k=1 k=1
1 0.398 0.003 0.34 0.09 2 0.045 13.2 0.85 0.11 -14.5 1.9 -0.6
2 0.266 0.002 0.247 0.019 1 0.019 7.7 0.93 0.07 -7.2 0.6 -0.5
3 0.450 0.004 0.46 0.05 2 0.025 5.4 1.02 0.06 2.3 0.1 0.2
4 0.364 0.003 0.31 0.031 1 0.031 10.0 0.85 0.09 -14.9 1.5 -0.9
5 0.379 0.003 0.42 0.05 2 0.025 6.0 1.11 0.07 10.9 0.7 0.8
6 0.510 0.004 0.521 0.05| 1.65 0.03 5.8 1.02 0.06 2.2 0.1 0.2
7 0.512 0.004 0.447 0.04 1 0.04 8.9 0.87 0.08 -12.6 1.1 -0.8
8 4.287 0.036 5.3 0.6 2 0.3 5.7 1.24 0.07 23.6 1.4 1.7
9 0.365 0.003 0.384 0.048 2 0.024 6.3 1.05 0.07 5.2 0.3 0.4
10 0.197 0.002 0.165 0.017 2 0.0085 5.2 0.84 0.04 -16.4 0.9 -1.9
11 0.215 0.002 0.22 0.04 2 0.02 9.1 1.02 0.09 2.2 0.2 0.1
12 2.121 0.018 1.94 0.14 1 0.14 7.2 0.91 0.07 -8.5 0.6 -0.6
13 0.339 0.003 0.35 0.028 2 0.014 4.0 1.03 0.04 3.1 0.1 0.4
14 0.341 0.003| 0.3349| 0.0087 1 0.0087 2.6 0.98 0.03 -1.9 0.1 -0.3
15 0.280 0.002 0.35 0.03 1 0.03 8.6 1.25 0.11 24.8 2.1 1.2
16 0.286 0.002 0.354| 0.0448 2 0.0224 6.3 1.24 0.08 23.7 1.5 1.51
17 0.252 0.002 0.25 0.02 1 0.02 8.0 0.99 0.08 -0.8 0.1 0.0
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Uncer- Reported ) Relative Standard Standard
Lab Refe_re_nce tainty Rep9r_ted uncer- Report | Uncertainty unc. Ratio uncer- Pe_rcentage uncer-
Code | 2activity u-(Ao) activity tainty -ed k uc(A)_ (Bq) | u(A)/ (A/Ao) tainty Difference tainty E,
A, (Bq) Bty | A (Bq) uA) |factor k=1 A (_%) Uc(A/Ao) Do, U.(A/Ao)
(Bq) k=1 k=1
18 0.419 0.004| 0.3505| 0.0297 1 0.0297 8.5 0.84 0.07 -16.3 1.4 -1.1
19 0.493 0.004 0.464 0.027 1 0.027 5.8 0.94 0.06 -5.8 0.3 -0.5
20 0.294 0.003 0.33 0.03 2 0.015 4.5 1.12 0.05 12.1 0.6 1.2
21 0.511 0.004 0.459 0.026 1 0.026 5.7 0.90 0.05 -10.1 0.6 -0.98
22 0.347 0.003 0.372 0.031 1 0.031 8.3 1.07 0.09 7.2 0.6 0.4
23 0.574 0.005 0.6 0.04 2 0.02 3.3 1.05 0.04 4.5 0.2 0.6
24 0.441 0.004 0.42 0.033 2 0.017 3.9 0.95 0.04 -4.9 0.2 -0.6
25 0.210 0.002 0.194 0.04 2 0.02 10.3 0.92 0.10 -7.6 0.8 -0.4
26 0.388 0.003 0.97 0.19 2 0.095 9.8 2.50 0.25 149.7 14.7 3.1
27 4.995 0.042 4.41 0.1 2 0.05 1.1 0.88 0.01 -11.7 0.2 -4.5
28 0.372 0.003 0.534 0.139 2 0.070 13.0 1.43 0.19 43.4 5.7 1.2
29 0.390 0.003| 0.3384| 0.0291| 1.65 0.0176 5.2 0.87 0.05 -13.2 0.7 -1.4
30 0.390 0.003 0.464 0.013 2 0.007 1.4 1.19 0.02 19.1 0.3 5.1
31 0.299 0.003 0.277 0.016 2 0.008 2.9 0.93 0.03 -7.5 0.2 -1.3
32 0.286 0.002 0.3 0.05 2 0.025 8.3 1.05 0.09 4.9 0.4 0.3
33 0.339 0.003 0.37 0.04 2 0.02 5.4 1.09 0.06 9.0 0.5 0.8
34 0.524 0.004 0.492 0.048 1 0.048 9.8 0.94 0.09 -6.2 0.6 -0.3
35 0.485 0.004 0.596 0.244 2 0.122 20.5 1.23 0.25 22.8 4.7 0.5
36 0.499 0.004 0.521 0.038 2 0.019 3.6 1.04 0.04 4.5 0.2 0.6
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Uncer- Reported ) Relative Standard Standard
Lab Refe_re_nce tainty Rep9r_ted uncer- Report | Uncertainty unc. Ratio uncer- Pe_rcentage uncer-
Code | 2activity u-(Ao) activity tainty -ed k uc(A)_ (Bq) | u(A)/ (A/Ao) tainty Difference tainty E,
A, (Bq) Bty | A (Bq) uA) |factor k=1 A (_%) Uc(A/Ao) Do, U.(A/Ao)
(Bq) k=1 k=1
37 0.332 0.003 0.35 0.03 2 0.015 4.3 1.05 0.05 5.4 0.2 0.6
38 0.379 0.003 0.38 0.03 1 0.03 7.9 1.00 0.08 0.2 0.0 0.0
39 0.368 0.003 0.3 0.03 1 0.03 10.0 0.82 0.08 -18.4 1.8 -1.1
40 0.461 0.004 0.57 0.05 2 0.025 4.4 1.24 0.06 23.6 1.1 2.1
41 0.364 0.003 0.373 0.01 2 0.005 1.3 1.03 0.02 2.5 0.0 0.8
42 0.370 0.003 0.296 0.017 1 0.017 5.7 0.80 0.05 -19.9 1.2 -2.1
43 0.244 0.002 0.26 0.04 2 0.02 7.7 1.07 0.08 6.8 0.5 0.4
44 0.379 0.003 0.3 0.05 2 0.025 8.3 0.79 0.07 -20.8 1.7 -1.6
45 0.670 0.006 0.705 0.026 1 0.026 3.7 1.05 0.04 5.2 0.2 0.7
46 0.343 0.003 0.3 0.05 1 0.05 16.7 0.87 0.15 -12.6 2.1 -0.4
47 0.434 0.004 0.39 0.021 1 0.021 5.4 0.90 0.05 -10.1 0.5 -1.02
48 0.388 0.003 0.43 0.02 1 0.02 4.7 1.11 0.05 10.7 0.5 1.03
49 0.354 0.003| 0.4474 0.028 2 0.014 3.1 1.26 0.04 26.4 0.9 3.3
50 0.290 0.002 0.29 0.01 1 0.01 3.4 1.00 0.04 0.1 0.0 0.0
51 0.343 0.003 0.333 0.01 1 0.01 3.0 0.97 0.03 -2.8 0.1 -0.5
52 0.467 0.004 0.431 0.054 2 0.027 6.3 0.92 0.06 -7.6 0.5 -0.7
53 0.531 0.005 0.594 0.055 2 0.028 4.6 1.12 0.05 11.9 0.6 1.1
54 1.024 0.009 0.592 0.015 1 0.015 2.5 0.58 0.02 -42.2 1.1 -12.5
55 0.308 0.003 0.25 0.02 2 0.01 4.0 0.81 0.03 -18.7 0.8 -2.8

29




Uncer- Reported ) Relative Standard Standard
Lab Refe_re_nce tainty Rep9r_ted uncer- Report | Uncertainty unc. Ratio uncer- Pe_rcentage uncer-
Code | 2activity u-(Ao) activity tainty -ed k uc(A)_ (Bq) | u(A)/ (A/Ao) tainty Difference tainty E,
A, (Bq) Bty | A (Bq) uA) |factor k=1 A (_%) Uc(A/Ao) Do, U.(A/Ao)
(Bq) k=1 k=1
56 0.222 0.002 0.235 0.018 1 0.018 7.7 1.06 0.08 5.7 0.4 0.4
57 0.776 0.007 0.74 0.056 2 0.028 3.8 0.95 0.04 -4.7 0.2 -0.6
58 0.343 0.003 0.34 0.01 1 0.01 2.9 0.99 0.03 -1.0 0.0 -0.2
59 0.414 0.004 0.398 0.022 1 0.022 5.5 0.96 0.05 -3.8 0.2 -0.3
60 0.375 0.003 0.33 0.02 1 0.02 6.1 0.88 0.05 -12.0 0.7 -1.1
61 0.238 0.002| 0.2697| 0.0394 1 0.0394 14.6 1.13 0.17 13.1 1.9 0.4
62 0.367 0.003 0.342 0.01 1 0.01 2.9 0.93 0.03 -6.7 0.2 -1.2
63 0.394 0.003 | 0.29988 | 0.02976 2 0.01488 5.0 0.76 0.04 -24.0 1.2 -3.1
64 0.230 0.002 0.196 0.017 1 0.017 8.7 0.85 0.07 -14.8 1.3 -0.99
65 0.415 0.004| 0.3986 0.023 1 0.023 5.8 0.96 0.06 -4.0 0.2 -0.4
66 0.414 0.004 0.375 0.02 1 0.02 5.3 0.90 0.05 -9.5 0.5 -0.97
67 0.476 0.004 0.456 0.023 1 0.023 5.0 0.96 0.05 -4.2 0.2 -0.4
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7.1.2 Evaluation

The presence of statistical outliers among the reported results was investigated using
the Grubbs' test at a level of significance a=1% and a=5%, as suggested in ISO/IEC
5725-2 (IS0, 1994). Statistical analysis of the results was carried out for the different
working dilutions (E1 to E5) and for the ratio of the measured-to-reference *’Cs
activity separately. The reference value of the working dilutions is based on the
standardised reference value of the mother solution and the gravimetrically
determined dilution factors.

In the case of the ratio values according to the Grubb's test at 1% three results were
indicated as outliers: Laboratories 26, 28 and 54. The outlying values were not
discarded, but were included in further evaluations, unless it is declared differently.

Table 6 presents the statistical analysis of the results reported by the participating
laboratories per dilution used for spiking the air filters. Moreover, the distribution of
the data was tested using the normal probability plot and the frequency histogram.
According to both of these graphs presented in Figure 6, the *’Cs data are distributed
normally and unimodally. The mean values of the reported values for dilutions E1 and
E5 are slightly higher than the reference values and slightly lower for the dilutions
E2A, E3 and E4. The mean of the ratio is very close to unity.

Table 6. Statistical analysis of the laboratory reported results for *’Cs, per dilution.
In the last column, the ratios of the measured to the reference values are given.

El E2A E3 E4 E5 Ratio
Number of 2 20 4 9 32 67
laboratories
Min (Bq g!) 32.31 2.97 2.69 0.70 0.34 0.58

All Max (Bq g™ 45.24 4.83 4.47 0.99 1.04 2.50
reported

results Median (Bq g™!) 38.78 3.64 4.32 0.81 0.44 0.98

Mean (Bq g'1) 38.78 3.72 3.95 0.81 0.46 1.01
Standard deviation | g 4g 0.51 0.84 0.09 0.12 0.23
(Bgg~)
Number of outliers 0 0 1 0 2 3
Omitti
outliers | Mean (Bq g 38.78 3.72 4.37 0.81 0.46 0.99
(5%) | standard deviati
anaard aeviation 9.15 0.51 0.11 0.09 0.12 0.12
(Bgg-)
Number of outliers 0 0 1 0 2 3
Omitti
outliers | Mean (Bq g 3878 | 372 | 437 | 081 | 046 | 099
(%) | standard deviati
anaard aeviation 9.15 0.51 0.11 0.09 0.12 0.12
(Bgg™~)
Ref value (Bq g'!) 36.6 3.91 4.66 0.878 0.416 1
Expanded unc. 06 0.07 0.08 0015 | 0.007 0.01
(Bgg™)
Rel. exp. unc. (%) 1.70 1.70 1.70 1.70 1.70 0.01
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Fig. 6. Normal probability plot and frequency histogram of the *3’Cs results after
exclusion of the three outliers (see text). The red curve in the frequency histogram is
the normal probability distribution.

In Figure 7, the ratio of the '*/Cs activity per spiked air filter as measured and
reported by the participating laboratory over the individual spiked activity on the filter
(JRC reference value) is plotted. The error bars show the expanded uncertainty (k=2).
The blue dashed lines indicate the £20% limit from the JRC reference value. For
backwards compatibility with previous ILCs, the £33% limit from the JRC reference
value is also indicated by the red dashed lines.
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Fig. 7. Ratio of *’Cs activity per spiked air filter as measured by the participating

laboratory to the individual spiked activity on the filter (JRC reference value). Blue

dashed lines indicate the £20% limit from the reference value and the red dashed
lines the £33% limit. The error bars show the expanded uncertainty (k=2).
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In Figure 8, the percentage difference, D%, of the results reported by the participants
from the reference activity values are plotted in ascending order.
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Fig. 8. Percentage difference of the '*’Cs results reported by the participating
laboratories from the reference activity values, plotted in ascending order. Blue colour
indicates the results within the £20% range from the reference value and red
indicates results outside that range.

The majority of the laboratories reported satisfactory results. From Table 5 and
Figures 7 and 8 it can be seen that 11 laboratories of the 67 reported '*’Cs results
discrepant by more than 20% from the reference value; this represents 16% of the
participating laboratories. Only three (3) laboratories reported results which were
outside the more tolerant limit of 33% from the reference value. This is just 6% of the
participating laboratories.

To take the expanded uncertainty of the reported results and that of the reference
values into account in the analysis, a performance test using E, numbers was applied
(ISO, 2005a). The E, numbers sorted in ascending order are graphically presented in
Figure 9.

Under the conditions of this test, 42 (63%) out of the 67 reported results for *’Cs are
compatible with the reference value while 25 are not. Among those 25, 12 (18%)
laboratories reported results with 1<|E,|<1.5 and 13 (19%) laboratories reported
incompatible results with |E,|>1.5. Comparing Figure 8 and Figure 9, it is obvious that
results with significant deviations from the reference value are scoring badly with E,
numbers as well. However, that comparison also shows that some laboratories with an
acceptably small deviation from the reference value are assigned with an incompatible
E, number, as they probably underestimated the uncertainty on their reported value.
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Fig. 9. E, numbers for the '*'Cs results, plotted in ascending order. Green color

indicates compatible results, yellow indicates warning signal and red indicates action

signal.

Another graphical way to compare the results, which underlines the importance of the
assigned uncertainties, is the “PomPlot”. The theoretical description of the PomPlot
can be found in Section 6.2.4. The PomPlot created on the basis of the reported
results for 1*’Cs is presented in Figure 10. The many points outside the |{|=3, indicate
that laboratories underestimated the uncertainties.
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Fig. 10. PomPlot of the *’Cs data. Green, blue and red solid lines indicate
(-scores=1, 2 and 3, respectively.
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7.1.3 Parameters possibly influencing the results

Based on the results reported by the participants and the answers provided to the
questionnaire, Table 7 contains the detailed evaluation of possible influencing
parameters to the measurement performance and therefore the Do, and E, number.
There is no obvious correlation between laboratories with and without accreditation or
certification and higher ratio of compatible results. However, laboratories measuring a
large number (>100) of filters per year showed better performance. No strong
correlation can be found between the air filter size, spiked activity level and sample
preparation and the deviation of the submitted result from the reference value. In the
case of laboratories which did not or could not follow their routine procedure, they all
scored very well.

Table 7. Possible influencing parameters; statistics and categorisation of the reported
results by the participating laboratories.

Total | Dy,>20 | Percen | E,>1 | Percen
Nr of (Nr of tage (Nr of tage
Labs labs) (%) labs) (%)
All participants 67 11 16.4 25 37.3
EU 62 10 16.1 22 35.5
Country
Non-EU 5 1 20 3 60
Accredited (ISO 17025) 30 4 13.3 12 40
Authorised 13 1 7.7 5 38.5
Accreditation | - idied (150 9000) 2 0 0 0 0
Certified (ISO 9000) and
Accredited (ISO 17025) 10 3 30 3 30
<25 9 2 22.2 5 55.6
137Cs
measurements 25-100 21 3 14.3 9 42.9
per year
>100 37 6 16.2 11 29.7
Small 29 5 17.2 11 37.9
Air filter size Medium 11 2 18.2 5 45.5
Large 27 4 14.8 9 33.3
0-0.3 15 2 13.3 5 33.3
0.3-0.4 27 5 18.5 13 48.1
Spiked
activity level 0.4-0.5 13 2 15.4 3 23.1
(Bq)
0.5-1 8 0 0 1 12.5
>1 4 2 50 3 75
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Total | D4>20 | Percen | E,>1 | Percen
Nr of (Nr of tage (Nr of tage
Labs labs) (%) labs) (%)
. Yes 62 11 17.7 25 40.3
Routine
conditions No 5 0 0 0 0
Together with air filter 33 5 15.2 12 36.4
Measurement | Plastic bag measured
of plastic bag | separately 26 > 19.2 2 34.6
Plastic bag not measured 8 1 12.5 4 50
No sample preparation 30 4 13.3 11 36.7
Sample Pressing/ compressing 26 3 11.5 9 34.6
preparation | .\ iing 23 4 17.4 8 34.8
Packing with blank filters 1 0 0 0 0

7.1.4 Comparison to the 2003 and the 2014 EC ILC

Cesium-137 was a common measurand for all three ILCs conducted in 2003, 2014 and
2016 by the JRC. This makes it possible to make statistics and draw some conclusions.
Table 8 shows the statistics for the three ILCs involving the measurement of *’Cs in
air filters. One can observe a slight improvement over the years, especially for the
number of results outside the limits for the ratio and equivalently the percentage
difference; the percentage of values outside the *20% range from the reference
activity dropped from 38% in 2003, to 20% in 2014 and to 16% in 2016. However,
the number of laboratories with |E,|>1 went from 25% in 2003, to 32% in 2014 and
to 37% in 2016. The estimation of the uncertainty is a critical point in the case of
reporting results and this is reflected in the E, scores.

More information can be found in Tables 9a and 9b. In the first, the performance of
laboratories which participated in two of the ILCs, either in 2003 and 2014 or in 2014
and 2016 is shown, In the second, the performance of laboratories which participated
in all three ILCs, is presented.

Thirty laboratories participated in both the 2003 and 2014 air filter EC ILCs and, since
one laboratory measured 2 air filters in 2003, reported 31 results in 2003 and 30
results in 2014. Nine laboratories improved their performance since they were outliers
and/or in the incompatible E, number groups in the 2003 exercise and reported
compatible values in 2014. Two laboratories, which were in action level regarding E,
number provided values in warning level, show a slightly improvement. However, 7
laboratories which reported compatible values in 2003 are outliers and/or reported
results giving incompatible E, numbers in 2014; this could be an indication that the
quality of the results provided by these laboratories is not stable over time, or
alternatively, are overconfident on the accuracy of their results.

Fifty seven laboratories participated in the 2014 EC ILC and the 2016
ENV57/MetroERM ILC. The number of laboratories reporting results outside the limits
is quasi-identical; 5% of the laboratories reported values outside the £33% range for
the ratio, 16% outside the £20% range and 12% with |E,|>1.
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Table 8. Comparison of the spiked activity levels and the performance of the

laboratories in the 2003 and 2014 EC ILC and the 2016 ENV57/MetroERM ILC.

2003 2014 2016
(aboratories 4 76 67
Spiked !3’Cs activity levels in Bq

Minimum 0.015 0.070 0.197

Maximum 0.564 2.34 5.00

Average 0.160 0.359 0.545

Median 0.123 0.195 0.379

Number of laboratory results outside the limits

Ratio>+33% 6 (13%) 4 (5%) 3 (4.5%)
Do,>+20% 18 (38%) 15 (20%) 11 (16%)
1<|E,|<1.5 3 (6%) 11 (14%) 12 (18%)
|E,|>1.5 9 (19%) 12 (18%) 13 (19%)

Table 9a. Comparison of the spiked activity levels and the performance of the
laboratories in the 2003 and 2014 EC ILCs and the 2014 EC ILC and the 2016
ENV57/MetroERM ILC

Laboratories participated Laboratories participated
in 2 ILC in 2 ILC
2003 2014 2014 2016
aboratories 30 57
Spiked '*’Cs activity levels in Bq
Minimum 0.029 0.083 0.073 0.197
Maximum 0.401 2.310 2.310 5.00
Average 0.162 0.324 0.342 0.516
Median 0.126 0.194 0.178 0.379
Number of laboratory results outside the limits
Ratio>+33% 2 (7%) 2 (7%) 3 (5%) 3 (5%)
Do,>+20% 6 (20%) 4 (13%) 9 (16%) 9 (16%)
1<|E,|<1.5 3 (10%) 6 (20%) 7 (12%) 7 (12%)
|E,|>1.5 6 (20%) 2 (7%) 7 (12%) 10 (18%)
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Table 9b. Comparison of the spiked activity levels and the performance of the
laboratories in the 2003 and 2014 EC ILC and the 2016 ENV57/MetroERM ILC.

Laboratories participated in 3 ILC
2003 2014 2016
aboratories 26
Spiked !3’Cs activity levels in Bq

Minimum 0.055 0.083 0.84

Maximum 0.404 2.31 2.50

Average 0.174 0.369 1.08

Median 0.136 0.200 1.02

Number of laboratory results outside the limits

Ratio>+33% 2 (8%) 2 (8%) 2 (8%)
Dq,>+20% 7 (27%) 5 (19%) 5 (19%)
1<|E,|<1.5 1 (4%) 6 (23%) 4 (15%)
|E,|>1.5 4 (15%) 2 (8%) 3 (12%)

Finally, 26 laboratories participated in all three ILCs. The overall performance is rather
stable over the years; reported results outside the £33% range for the ratio was 8%
for all ILCs, results outside the £20% range was 27% in 2003 and 19% for both 2014
and 2016. The results scoring |E,|>1 were 19% in 2003, 31% in 2014 and 27% in
2016.

It is worth mentioning that '*’Cs is a rather easy to measure radionuclide and the
laboratories are scoring consistently well for that nuclide over the years.

7.2 13%Cs
7.2.1 Reported results

Table 10 presents the reference activities of each individual spike air filter, the activity
results as reported by the participating laboratories, the ratio of the reported to the
reference activity, the percentage difference (D%) of the reported to the reference
activity and the E, number, with their associated standard uncertainties (k=1) for the
case of '3*Cs. The Laboratory Code numbers are the confidential code numbers
communicated to the participants and have no correlation with the laboratory codes
used during the exercise.
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Table 10. **Cs reference spiked activity, activity result as reported by the participating laboratories, ratio of the reported to the
reference activity, percentage difference (D%) of the reported to the reference activity and E, number, with their associated standard

uncertainties (k=1).

Reference l::iiet:/- Reported | Reported | Report | Uncertainty R‘:::t:e Coinc. - Standard Percentage Standard
CI:)adbe :ctivitv u(Ao) | activity | uncertainty | -ed k | uc(A) (Ba) | uc(A)/ f:l:; 535"3 :::;et:, Difference ‘t"a‘lcnet;' E,
o (Bq) s(B=q1) A (Bq) | uc(A) (Bq) | factor k=1 Ak(=°/i>) Corr. U(A/Ay) Do, UL(A]Ay)
1 0.681| 0.007 0.6 0.1 2 0.05 8.3| vyes 0.88 0.07 -12.0 1.0 -0.8
2 0.533| 0.005 0.525 0.038 1 0.038 7.2 no 0.99 0.07 -1.4 0.1 -0.1
3 0.771| 0.008 0.75 0.08 2 0.04 5.3| vyes 0.97 0.05 -2.7 0.1 -0.3
4 0.790| 0.008 0.75 0.022 1 0.022 2.9 no 0.95 0.03 -5.0 0.2 -0.8
5 0.821| 0.008 0.89 0.07 2 0.04 3.9| vyes 1.08 0.04 8.5 0.3 0.97
6 1.105 0.011 1.11 0.09| 1.65 0.05 4.9 yes 1.00 0.05 0.5 0.0 0.0
7 0.877| 0.009 0.73 0.044 1 0.044 6.0| vyes 0.83 0.05 -16.7 1.0 -1.6
8 5.243 0.052 5.1 0.6 2 0.3 5.9 no 0.97 0.06 -2.7 0.2 -0.2
9 0.791| 0.008 0.814 0.085 2 0.043 5.2| vyes 1.03 0.05 2.9 0.2 0.3
10 0.395| 0.004 0.344 0.032 2 0.016 4.7| yes 0.87 0.04 -12.9 0.6 -1.55
11 0.431 0.004 0.32 0.05 2 0.025 7.8 yes 0.74 0.06 -25.7 2.0 -2.2
12 3.578 0.036 3.8 0.46 1 0.46 12.1 yes 1.06 0.13 6.2 0.8 0.2
13 0.735| 0.007 0.733 0.059 2 0.030 4.0| yes 1.00 0.04 -0.3 0.0 0.0
14 0.739 0.007 0.743 0.021 1 0.021 2.8 yes 1.00 0.03 0.5 0.0 0.1
15 0.608 0.006 0.68 0.05 1 0.05 7.4 no 1.12 0.08 11.9 0.9 0.7
16 0.620 0.006 0.664 0.0582 2 0.0291 4.4 yes 1.07 0.05 7.1 0.3 0.7
17 0.546 0.005 0.55 0.03 1 0.03 5.5 yes 1.01 0.06 0.7 0.0 0.1
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Reference l::iiet:/- Reported | Reported | Report | Uncertainty R‘:::t:e Coinc. - Standard Percentage Standard
CI:)adbe :ctivitv u(Ao) | activity | uncertainty | -ed k | uc(A) (Ba) | uc(A)/ f:l:; 535"3 :::;et:, Difference ‘t"a‘lcnet;' E,
0 (Bq) s(B=q1) A (Bq) | uc(A) (Bq) | factor k=1 Ak(=°/i>) Corr. U(A/Ay) Do, UL(A]Ay)
18 0.718| 0.007 0.606 0.0303 1 0.0303 5.0 vyes 0.84 0.04 -15.5 0.8 -1.8
19 0.831| 0.008 0.754 0.042 1 0.042 5.6 | vyes 0.91 0.05 -9.3 0.5 -0.9
20 0.638| 0.006 0.59 0.05 2 0.025 4.2| yes 0.93 0.04 -7.5 0.3 -0.9
21 0.875| 0.009 0.77 0.048 1 0.048 6.2| vyes 0.88 0.06 -12.0 0.8 -1.1
22 0.752 0.008 0.755 0.057 1 0.057 7.5 no 1.00 0.08 0.4 0.0 0.0
23 0.983| 0.010 1 0.1 2 0.05 5.0| vyes 1.02 0.05 1.7 0.1 0.2
24 0.757 0.008 0.647 0.034 2 0.017 2.6 yes 0.86 0.02 -14.5 0.4 -2.9
25 0.420| 0.004 0.382 0.078 2 0.039 10.2| vyes 0.91 0.09 -9.1 0.9 -0.5
26 0.842| 0.008 1.53 0.3 2 0.15 9.8| vyes 1.82 0.18 81.8 8.1 2.3
27 6.109 0.061 4.35 0.1 2 0.05 1.1 no 0.71 0.01 -28.8 0.4 -11.1
28 0.807| 0.008 0.793 0.143 2 0.072 9.0 no 0.98 0.09 -1.8 0.2 -0.1
29 0.780| 0.008| 0.6731 0.0501| 1.65 0.0304 4.5| yes 0.86 0.04 -13.7 0.6 -1.7
30 0.844| 0.008 0.746 0.012 2 0.006 0.8 no 0.88 0.01 -11.7 0.1 -4.7
31 0.599| 0.006 0.548 0.027 2 0.014 2.5| yes 0.91 0.02 -8.5 0.2 -1.7
32 0.620| 0.006 0.6 0.1 2 0.05 8.3| vyes 0.97 0.08 -3.2 0.3 -0.2
33 0.736| 0.007 0.79 0.08 2 0.04 5.1| vyes 1.07 0.06 7.4 0.4 0.7
34 0.898| 0.009 0.74 0.073 1 0.073 9.9| vyes 0.82 0.08 -17.6 1.7 -1.1
35 0.832 0.008 0.795 0.478 2 0.239 30.1 no 0.96 0.29 -4.4 1.3 -0.1
36 0.854| 0.009 0.626 0.04 2 0.02 3.2 no 0.73 0.02 -26.7 0.9 -5.3

40




Reference l::iiet:/- Reported | Reported | Report | Uncertainty R‘:::t:e Coinc. - Standard Percentage Standard
CI:)adbe :ctivitv u(Ao) | activity | uncertainty | -ed k | uc(A) (Ba) | uc(A)/ f:l:; 535"3 :::;et:, Difference ‘t"a‘lcnet;' E,
0 (Bq) s(B=q1) A (Bq) | uc(A) (Bq) | factor k=1 Ak(=°/i>) Corr. U(A/Ay) Do, UL(A]Ay)
37 0.720 0.007 0.75 0.06 2 0.03 4.0 yes 1.04 0.04 4.2 0.2 0.5
38 0.822| 0.008 0.59 0.04 1 0.04 6.8 no 0.72 0.05 -28.2 1.9 -2.8
39 0.630| 0.006 0.51 0.02 1 0.02 3.9| vyes 0.81 0.03 -19.1 0.8 -2.9
40 0.790| 0.008 0.75 0.05 2 0.025 3.3 no 0.95 0.03 -5.1 0.2 -0.8
41 0.788| 0.008 0.694 0.015 2 0.008 1.1 no 0.88 0.01 -12.0 0.2 -4.3
42 0.634| 0.006 0.405 0.025 1 0.025 6.2 yes 0.64 0.04 -36.1 2.3 -4.4
43 0.528| 0.005 0.6 0.07 2 0.04 5.8| yes 1.14 0.07 13.7 0.8 1.02
44 0.758| 0.008 0.49 0.06 2 0.03 6.1| vyes 0.65 0.04 -35.4 2.2 -4.3
45 1.452| 0.015 1.57 0.06 1 0.06 3.8| vyes 1.08 0.04 8.1 0.3 0.95
46 0.744| 0.007 0.64 0.1 1 0.1 15.6 yes 0.86 0.13 -14.0 2.2 -0.5
47 0.743 0.007 0.605 0.054 1 0.054 8.9 yes 0.81 0.07 -18.6 1.7 -1.3
48 0.841| 0.008 0.9 0.03 1 0.03 3.3| vyes 1.07 0.04 7.0 0.2 0.9
49 0.767 0.008 0.8311 0.0291 2 0.0146 1.8 no 1.08 0.02 8.4 0.2 1.9
50 0.628 0.006 0.48 0.022 1 0.022 4.6 no 0.76 0.04 -23.6 1.1 -3.2
51 0.742| 0.007 0.598 0.033 1 0.033 5.5 no 0.81 0.05 -19.5 1.1 -2.1
52 0.800| 0.008 0.787 0.094 2 0.047 6.0| vyes 0.98 0.06 -1.6 0.1 -0.1
53 0.910| 0.009 0.757 0.064 2 0.032 4.2 no 0.83 0.04 -16.8 0.7 -2.3
54 1.727 0.017 0.838 0.021 1 0.021 2.5 no 0.49 0.01 -51.5 1.4 -16.3
55 0.667 0.007 0.48 0.04 2 0.02 4.2 no 0.72 0.03 -28.0 1.2 -4.4
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Uncer- Relative Coinc Standard Standard
Reference | tainty | Reported | Reported | Report | Uncertainty unc. ) . Percentage _
CI:)adbe activity uc(Ao) | activity | uncertainty | -ed k | u.(A) (Bq) | uc.(A)/ ?nulr:g- 543/:"; Lt':::‘et'; Difference ttlglcnetry E,
— 0

Ao (Bq) s(B=q1) A (Bq) | uc(A) (Bq) | factor k=1 Ak(=°/i>) Corr. U(A/Ay) Do, UL(A]Ay)
56 0.482 0.005 0.436 0.028 1 0.028 6.4 no 0.90 0.06 -9.5 0.6 -0.8
57 1.330 0.013 1.406 0.341 2 0.171 12.1 no 1.06 0.13 5.7 0.7 0.2
58 0.744 0.007 0.72 0.01 1 0.01 1.4 yes 0.97 0.02 -3.2 0.1 -0.96
59 0.896 0.009 0.83 0.037 1 0.037 4.5 yes 0.93 0.04 -7.4 0.3 -0.9
60 0.813 0.008 0.72 0.02 1 0.02 2.8 yes 0.89 0.03 -11.4 0.3 -2.1
61 0.477 0.005 0.5244 0.05 1 0.05 9.5 no 1.10 0.11 9.9 0.9 0.5
62 0.794 0.008 0.751 0.023 1 0.023 3.1 yes 0.95 0.03 -5.5 0.2 -0.9
63 0.676 0.007 | 0.49003 0.04499 2| 0.022495 4.6 yes 0.72 0.03 -27.5 1.3 -4.0
64 0.460 0.005 0.39 0.03 1 0.03 7.7 yes 0.85 0.07 -15.2 1.2 -1.2
65 0.701 0.007 0.6265 0.034 1 0.034 5.4 yes 0.89 0.05 -10.6 0.6 -1.1
66 0.710 0.007 0.6 0.05 1 0.05 8.3 yes 0.84 0.07 -15.5 1.3 -1.1
67 0.816 0.008 0.738 0.059 1 0.059 8.0 yes 0.90 0.07 -9.5 0.8 -0.7
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7.2.2 Evaluation

The presence of statistical outliers among the reported results was investigated using
the Grubbs' test at a level of significance a=1% and a=5%, as suggested in ISO/IEC
5725-2 (IS0, 1994). Statistical analysis of the results was carried out for the different
working dilutions (E1 to E5), as explained in Section 7.1.2.

In the case of the ratio values according to the Grubb's test one result was indicated
as outlier: Laboratory 26. The outlying value was not discarded, but was included in
further evaluations, unless it is declared differently.

Table 11 presents the statistical analysis of the results reported by the participating
laboratories per dilution used for spiking the air filters. Moreover, the distribution of
the data was tested using the normal probability plot and the frequency histogram.
According to both of these graphs presented in Figure 11, the !**Cs data are
distributed normally and unimodally. The mean values of the reported values for all
dilutions are lower than the reference values. The mean value of the ratio is lower
than unity by approximately 10%.

Table 11. Statistical analysis of the laboratory reported results for 1**Cs, per dilution.
In the last column, the ratios of the measured to the reference values are given.

E1 E2A E3 E4 ES Ratio
Number of 2 20 4 9 32 67
laboratories
Min (Bq g'%) 31.87 4.28 3.81 1.14 0.65 0.49

All Max (Bq g™!) 43.54 7.07 8.35 1.93 1.64 1.82
reported
results Median (Bq g'!) 37.70 5.69 7.08 1.53 0.89 0.91
Mean (Bq g'}) 37.70 5.81 6.58 1.54 0.89 0.93
Standard deviation | g 5 0.69 1.94 0.23 0.17 0.17
(Bgg-)
Number of outliers 0 0 0 0 1 1
Omitti
outliere | Mean (Bq g 37.70 5.81 6.58 1.54 0.87 0.91
(5%) —
Standard deviation | g 55 0.69 1.04 0.23 0.10 0.13
(Bgg-)
Number of outliers 0 0 0 0 1 1
Omitti
outliere | Mean (Bq g 3770 | 5.81 6.58 1.54 | 087 | 091
(1%) .
Standard deviation | g 5 0.69 1.94 0.23 0.10 0.13
(Bgg™~)
Ref value (Bq g!) | 44.8 6.69 7.86 1.757 | 0.902 1
Expanded unc.
d 0.9 0.13 0.16 0.035 | 0.018 0.01
(Bgg™)
Rel. exp. unc. (%) 2.00 2.00 2.00 2.00 2.00 0.01
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Fig. 11. Normal probability plot and frequency histogram of the 3*Cs results after
exclusion of the outlier (see text). The red curve in the frequency histogram is the
normal probability distribution.

In Figure 12, the ratio of the '**Cs activity per spiked air filter as measured and
reported by the participating laboratory over the individual spiked activity on the filter
(JRC reference value) is plotted. The error bars show the expanded uncertainty (k=2).
The blue dashed lines indicate the £20% limit from the JRC reference value and the
red dashed lines the £33% limit from the JRC reference value.
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Fig. 12. Ratio of 1**Cs activity per filter as measured by the participating laboratory to
the individual spiked activity on the filter (JRC reference value). Blue dashed lines
indicate the £20% limit from the JRC reference value and the red dashed lines the

+33% limit. The error bars show the expanded uncertainty (k=2).

44



65

as

a5

-15

Percentage difference (D%)

Fig. 13. Percentage difference of the **Cs results reported by the participating
laboratories from the reference activity values, plotted in ascending order. Blue color
indicates the results within the range £20% from the reference value and red
indicates results outside that range.

The majority of the laboratories obtained satisfactory results. From Table 10 and
Figures 12 and 13 it can be seen that 11 laboratories of the 67 (16.4%) reported **Cs
results discrepant by more than £20% from the reference value, which is the
individual reference activity spiked on each filter. This represents 16% of the
participating laboratories. Only 4 laboratories reported results which were outside the
more tolerant limit of £33% from the reference value. This is just 6.7% of the
participating laboratories.

En number
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Fig. 14. £, numbers for the ***Cs results, plotted in ascending order. Green color
indicates compatible results, yellow indicates warning signal and red indicates action
signal.
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To take the expanded uncertainty of the reported results and that of the reference
values into account in the analysis, a performance test using £, numbers was applied
(ISO, 2005a). The E, numbers sorted in ascending order are graphically presented in
Figure 14.

Under the conditions of this test, 36 out of the 67 (53.7%) reported results for **Cs
are compatible with the reference value, while 31 are not. Among those 31, 24
(35.8%) laboratories reported results with 1<|E,|<1.5 and 7 (10.4%) laboratories
reported incompatible results with |E,|>1.5.

Another graphical way to compare the results, which underlines the importance of the
assigned uncertainties, is the “PomPlot”. For the theoretical description of the
PomPlot, refer to Section 6.2.4. The PomPlot created on the basis of the reported
results for 13*Cs is presented in Figure 15. The many points outside the |{|=3, indicate
that laboratories underestimated the uncertainties.
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Fig. 15. PomPlot of the **Cs data. Green, blue and red solid lines indicate
C-scores=1, 2 and 3, respectively.

7.2.3 Parameters possibly influencing the results: Coincidence
summing correction

Cesium-134 is relatively easy to measure as it has two relatively abundant gamma-
ray lines at relatively high energies at 604.7 and 795.9 keV. However, it suffers from
coincidence summing, which occurs for radionuclides emitting two or more photons in
sequence within the resolving time of the spectrometer. This results in recording a
sum pulse and the consequent loss of the event from the full energy peak of the
individual photons. The probability for the summing effect increases with increasing
total efficiency, that is with decreasing source-to-detector distance. It is independent
of the count rate and thus the activity of the source.

A correction for the coincidence summing can be calculated either using explicit
formulae as those given in the literature (Schima and Hoppes, 1983; Debertin and
Helmer, 1988) and in Table 12, or appropriate computer codes or by consulting
available tables (Debertin and Schoétzig, 1990). In Table 12, the formulae from Schima
and Hoppes (1983) for the reciprocal correction factor are given, i.e. the count rates
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must be divided by the factor calculated using the formulae to obtain the count rate
without coincidence summing. Numbers in parentheses must be replaced by the total
efficiency at that energy and numbers in curly brackets must be replaced by the full
energy peak efficiency at that energy. As indicative values, those for the two detectors
used and described in Section 3.1 are given as calculated for an active filter of 50 and
90 mm in diameter and measured by placing it on the detector endcap. The correction
can be omitted only in the case where the sample is measured relative to a standard
of the same nuclide and in the same geometry. The coincidence summing correction
factors used and reported by the participants are given in Table A-11 of Annex 11.

Table 12. Formulae from Schima and Hoppes (1983) for the reciprocal correction
factor and indicative values for Detectors A and B (Section 3.1) as calculated for an
active filter of 50 and 90 mm in diameter and measured on the detector endcap (see
also text).

Energy

(keV) Correction factor (reciprocal) Detector A Detector B
36% rel. eff. 92% rel. eff.
Active area on filter | 650 mm 290 mm 50 mm | 690 mm
1-0.007(KX)-0.993(604.7)-
563.2 0.997(801.8) 1.370 1.221 1.663 1.439
569.3 | 170-007(KX)-0.993(604.7)- 1.366 1.218 1.658 1.436

0.997(795.9)
1-0.004(KX)-0.074(563.2)-
604.7 | 0.890(795.9)-0.032(1365)- 1.201 1.124 1.342 1.237
0.075(801.8)-0.160(569.3)
1-0.006(KX)-0.993(604.7)-
0.179(569.3)
1-0.008(KX)-0.814(604.7)-
0.180(1168)-0.813(563.2)

795.9 1.213 1.131 1.361 1.248

801.8 1.334 1.203 1.573 1.387

From Table 13 it can be concluded that the percentage of compatible and non-
compatible results is practically independent of the application of the coincidence
summing correction. Maybe this is due to the fact that a large humber of laboratories
used reference spiked filters for the efficiency calibration and possibly spiked with
134Cs as well, so the correction became unnecessary.

Table 13. Distribution of the corrected and non-corrected for coincidence summing
results of 13*Cs, as compatible and non-compatible according to the Do, and E, criteria.

Corrected for Non-Corrected for
coincidence summing coincidence summing
45 (67%) 22 (33%)
Compatible Non- Compatible Non-

compatible
Do, 40 (89%) 5(11%) 16 (73%) 6 (27%)
E, 25 (56%) 20 (44%) 11 (50%) 11 (50%)

compatible
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7.3 311
7.3.1 Reported results

Table 14 presents the reference activities of each individual spiked air filter, the
activity results as reported by the participating laboratories, the ratio of the reported
to the reference activity, the percentage difference (D%) of the reported to the
reference activity and the E, number, with their associated standard uncertainties
(k=1) for the case of *I. The Laboratory Code numbers are the confidential code
numbers communicated to the participants and have no correlation with the laboratory
codes used during the exercise.
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Table 14. ' reference spiked activity, activity result as reported by the participating laboratories, ratio of the reported to the reference
activity, percentage difference (D%) of the reported to the reference activity and E, number, with their associated standard uncertainties

(k=1).
Uncer- Uncer- Relative | Coinci Decay
i R t taint dence | during Plastic Standard | Percent- | standard
Lab | Reference | tainty | Reported | Reported | Report| ity ohs | sum the bag | Ratio | uncer- | ageDiffe- | yncep.
Code activity uc(Ao) activity | uncertainty ed k uc(A) u(A)/ ming count- measu- (A/Ao) tainty rence tainty En
Ao (Bq) (Bq) A (B uc(A) (Bq) | factor (Bq) A (%) ; d °
k=1 () k=1 k=1 | Ction | interval * udaso) | Doy | uasAo)
1 0.822| 0.008 0.7 0.1 2 0.05 7.1| yes yes Together 0.85 0.06 -14.9 1.1 -1.2
2 0.863| 0.009 0.286 0.023 1 0.023 8.0| no yes Together 0.33 0.03 -66.9 5.4 -11.7
3 0.930| 0.009 0.53 0.05 2 0.025 4.7 no no Together 0.57 0.03 -43.0 2.1 -7.5
4 1.266| 0.013 0.0005 0.00033 1| 0.00033 66.0| no no Together | 0.0004 0.00 -100.0 66.0 -49.8
5 1.316| 0.013 1.15 0.12 2 0.06 5.2| no yes Separately | 0.87 0.05 -12.6 0.7 -1.4
6 1.772| 0.018 1.51 0.15| 1.65 0.09 6.0 | yes no meg'solfred 0.85 0.05 -14.8 0.9 -1.4
7 1.058 | 0.011 0.17 0.012 1 0.012 7.1| yes yes Together 0.16 0.01 -83.9 6.0 -27.7
8 7.440| 0.075 8 0.9 2 0.45 56| no yes Separately 1.08 0.06 7.5 0.4 0.6
9 1.269| 0.013 1.159 0.122 2 0.061 5.3| yes yes Separately 0.91 0.05 -8.6 0.5 -0.9
10 0.640| 0.006 0.13 0.02 2 0.01 7.7 | yes yes Together 0.20 0.02 -79.7 6.2 -21.5
11 0.698 | 0.007 0.59 0.08 2 0.04 6.8 | yes yes Together 0.85 0.06 -15.5 1.1 -1.3
12 5.032| 0.050 1.462 0.088 1 0.088 6.0 | yes yes Separately | 0.29 0.02 -70.9 4.3 -17.6
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Uncer- Uncer- Relative | Coinci Decay )
Reference | tainty | Reported | Reported | Report | tainty unc. | dence | during Plastic | Standard azzrtl:)ei?fte- Standard
Lo | | I | Sty | oy | "k | wy | wayy | S| e | Tua” | Ratio | uncer | wmenite | uneer |
Ao (Bq) (Bq) A (Bq) | uc(A) (Bq) | factor (Bq) A (_°/°) Corre ing red ° U(A/Ao) Do, u(A/Ao)
k=1 k=1 k=1 ction interval
13 1.179 0.012 0.303 0.026 2 0.013 4.3 | yes yes Separately 0.26 0.01 -74.3 3.3 -24.9
Not
14 1.186 0.012 0.944 0.021 1 0.021 2.2 | yes no measured 0.80 0.02 -20.4 0.5 -5.0
Not
15 0.974 0.010 1.18 0.09 1 0.09 7.6 no yes measured 1.21 0.09 21.1 1.6 1.1
16 0.994 0.010 0.119 0.0265 2 0.0133 11.1| vyes yes Separately 0.12 0.01 -88.0 9.8 -26.4
17 0.876 0.009 0.81 0.05 1 0.05 6.2 | yes yes Separately 0.92 0.06 -7.5 0.5 -0.6
18 0.866 0.009 0.2652 0.02709 1| 0.02709 10.2| vyes yes Together 0.31 0.03 -69.4 7.1 -10.6
19 1.169 0.012 0.229 0.013 1 0.013 5.7 no yes Together 0.20 0.01 -80.4 4.6 -26.8
Not
20 1.023 0.010 1.04 0.09 2 0.045 4.3| yes no measured 1.02 0.05 1.7 0.1 0.2
21 1.056 0.011 0.245 0.017 1 0.017 6.9 | yes yes Together 0.23 0.02 -76.8 5.4 -20.2
22 1.206 0.012 1.13 0.082 1 0.082 7.3 no no Together 0.94 0.07 -6.3 0.5 -0.5
23 1.186 0.012 0.76 0.08 2 0.04 5.3| vyes no Separately 0.64 0.03 -35.9 1.9 -5.1
24 0.913 0.009 0.057 0.014 2 0.007 12.3| vyes yes Together 0.06 0.01 -93.8 11.6 -37.1
25 0.681 0.007 0.4 0.081 2 0.041 10.1| yes yes Together 0.59 0.06 -41.3 4.2 -3.4
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Uncer- Uncer- Relative | Coinci Decay _
Reference | tainty | Reported | Reported | Report | tainty unc. | dence | during Plastic _ | Standard apeertl:)ei?fte- Standard
Lab L - : Sum the bag Ratio | uncer- 9 uncer-
Code activity uc(Ao) activity | uncertainty | -ed k uc(A) uc(A)/ ming count- measu- (A/Ap) tainty rence tainty En
0
A0 (Ba) | (Ba) | A(Bq) |uc(A)(Bq) |factor| (Bq) | A(%) | corre | ing red UAA/A)) | Doy | udA/Ao)
k=1 k=1 k=1 ction | interval
26 1.350 0.014 0.43 0.077 2 0.039 9.0 vyes yes Separately 0.32 0.03 -68.1 6.1 -11.3
27 8.669 0.087 0.9 0.02 2 0.01 1.1 no yes Together 0.10 0.00 -89.6 1.3 -44.3
28 1.294 0.013 0.556 0.126 2 0.063 11.3 no yes Separately 0.43 0.05 -57.0 6.5 -5.8
29 1.264 0.013 0.4588 0.0567 1.65 0.0344 7.5| yes yes Separately 0.36 0.03 -63.7 4.8 -11.0
Not
30 1.354 0.014 1.418 0.032 2 0.016 1.1 no no measured 1.05 0.02 4.7 0.1 1.52
31 0.971 0.010 0.197 0.012 2 0.006 3.0 no yes Separately 0.20 0.01 -79.7 2.6 -33.8
32 0.994 0.010 0.92 0.13 2 0.065 7.1| yes yes Separately 0.93 0.07 -7.4 0.5 -0.6
33 1.180 0.012 0.78 0.07 2 0.035 4.5| vyes yes Together 0.66 0.03 -33.9 1.6 -5.4
34 1.084 0.011 0.272 0.028 1 0.028 10.3 no no Together 0.25 0.03 -74.9 7.7 -13.5
35 1.003 0.010 1.19 0.48 2 0.24 20.2 no yes Together 1.19 0.24 18.6 3.8 0.4
Not

36 1.031 0.010 0.174 0.021 2 0.011 6.0 no yes measured 0.17 0.01 -83.1 5.1 -29.1
37 1.155 0.012 1.27 0.08 2 0.04 3.1| yes yes Separately 1.10 0.04 10.0 0.3 1.4
38 1.318 0.013 0.93 0.09 1 0.09 9.7 no no Separately 0.71 0.07 -29.4 2.9 -2.1
39 0.760 0.008 0.08 0.02 1 0.02 25.0| vyes yes Together 0.11 0.03 -89.5 22.4 -15.9
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Uncer- Uncer- | Relative | Coinci | Decay . Percent-
Lo e | R | BRI N wow |ty | S| 9 TER Rawo | e bl e |
Ao (Ba) s(‘-’;ql) A (Bq) | uc(A) (Bq) | factor 5(3:1) Ak(:/i’) Corre | ing red | ucasao Do, uc(A/Ao)
ction | interval

40 0.954| 0.010 0.25 0.04 2 0.02 8.0 no yes Together 0.26 0.02 -73.8 5.9 -15.9
41 1.264 | 0.013 0.993 0.015 2 0.008 0.8| no no meaNsO:red 0.79 0.01 -21.5 0.3 -9.2
42 0.764| 0.008 0.088 0.007 1 0.007 8.0 | yes yes Together 0.12 0.01 -88.5 7.1 -32.6
43 0.846| 0.008 0.26 0.08 2 0.04 15.4| vyes yes Separately 0.31 0.05 -69.3 10.7 -7.2
44 1.228 | 0.012 0.23 0.07 2 0.035 15.2| vyes yes Separately 0.19 0.03 -81.3 12.4 -13.4
45 2.329 0.023 1.87 0.06 1 0.06 3.2| yes yes Separately 0.80 0.03 -19.7 0.7 -3.6
46 1.193 0.012 0.96 0.14 1 0.14 14.6 | yes yes Separately 0.80 0.12 -19.5 2.9 -0.8
47 0.896| 0.009 0.104 0.008 1 0.008 7.7 | yes yes Together 0.12 0.01 -88.4 6.9 | -32.9
48 1.349 0.014 1.41 0.05 1 0.05 3.5| vyes yes Separately 1.04 0.04 4.5 0.2 0.6
49 1.230 0.012 0.6205 0.0323 2 0.0162 26| no no Together 0.50 0.01 -49.6 1.4 -15.0
50 1.007| 0.010 0.81 0.044 1 0.044 54| no no Separately | 0.80 0.04 -19.6 1.1 -2.2
51 1.191| 0.012 0.993 0.035 1 0.035 3.5| no yes Together 0.83 0.03 -16.6 0.6 -2.7
52 0.965 0.010 0.072 0.013 2 0.007 9.0 vyes yes Together 0.07 0.01 -92.5 8.4 -38.3
53| 1.098| 0.011| 0.047 0.01 2| 0.005| 10.6| no N0 | mesroq | 0.04 0.00| -95.7 10.2 | -43.4
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Uncer- Uncer- Relative | Coinci Decay _
Reference | tainty | Reported | Reported | Report tainty unc. dence | during Plastic . Standard aPeertI:)ei;lfte_ Standard
Lab L - : Sum the bag Ratio | uncer- 9 uncer-
Code activity uc(Ao) activity | uncertainty | -ed k uc(A) uc(A)/ ming count- measu- (A/Ap) tainty rence tainty En
0
Ao(Ba) | (Bq) | A(Bq) |uc(A)(Bq) |factor| (Bq) | A(%) | corre | ing red U(A/Ao) D, us(A/Ao)
k=1 k=1 k=1 ction | interval
54 2.429 0.024 0.344 0.02 1 0.02 5.8 no yes Together 0.14 0.01 -85.8 5.1 -33.1
55 1.069 0.011 0.76 0.06 2 0.03 3.9 no no Together 0.71 0.03 -28.9 1.2 -4.9
56 0.773 0.008 1.25 0.083 1 0.083 6.6 no yes Separately 1.62 0.11 61.8 4.1 2.9
57 1.605 0.016 0.228 0 2 0 0.0 no no Together 0.14 0.00 -85.8 0.9 -42.7
58 1.193 0.012 0.93 0.02 1 0.02 2.2 | yes yes Separately 0.78 0.02 -22.1 0.5 -5.6
59 1.437 0.014 0.295 0.02 1 0.02 6.8 | yes no Separately 0.21 0.01 -79.5 5.4 -23.2
60 1.303 0.013 1.1 0.03 1 0.03 2.7 | yes no Together 0.84 0.02 -15.6 0.5 -3.1
61 0.773 0.008 0.6817 0.04 1 0.04 5.9 no yes Separately 0.88 0.05 -11.8 0.7 -1.1
62 1.274 0.013 0.391 0.016 1 0.016 4.1| yes yes Separately 0.31 0.01 -69.3 2.9 -21.6
0.02519

63 0.815 0.008 | 0.088108 | 0.050394 2 7 28.6 | yes no Together 0.11 0.03 -89.2 25.5 -13.7
64 0.745 0.007 0.14 0.011 1 0.011 7.9| yes yes Together 0.19 0.01 -81.2 6.4 -22.8
65 0.985 0.010 0.1707 0.0104 1 0.0104 6.1| yes yes Together 0.17 0.01 -82.7 5.1 -28.4
66 0.857 0.009 0.07 0.007 1 0.007 10.0| vyes yes Together 0.08 0.01 -91.8 9.2 -35.5
67 0.984 0.010 0.246 0.025 1 0.025 10.2| vyes yes Together 0.25 0.03 -75.0 7.7 -13.7
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7.3.2 Evaluation

The presence of statistical outliers among the reported results was investigated using
the Grubbs' test at a level of significance a=1% and a=5%, as suggested in ISO/IEC
5725-2 (ISO, 1994). Statistical analysis of the results was carried out for the different
working dilutions (E1 to E5) as explained in Section 7.1.2.

In the case of the ratio values according to the Grubb's test two results were indicated
as outliers: Laboratories 1 and 35. The outlying values were not discarded, but were
included in further evaluations, unless it is declared differently.

Table 15 presents the statistical analysis of the results reported by the participating
laboratories per dilution used for spiking the air filters. Moreover, the distribution of the
data was tested using the normal probability plot and the frequency histogram.
According to both of these graphs presented in Figure 16, the '3!I data are not
distributed normally and unimodally. The mean of the reported values for all dilutions is
lower than the reference values and the mean of the ratio is only 62 to 66% of the unity.

Table 15. Statistical analysis of the laboratory reported results for '3!I, per dilution. In
the last column, the ratios of the measured to the reference values are given.

E1l E2A E3 E4 E5 Ratio
Number of 2 20 4 9 32 67
laboratories
Min (Bq g!) 6.59 0.35 1.57 0.53 0.00 0.00

All Max (Bq g!) 68.29 9.58 3.21 2.51 2.34 2.94
reported
results Median (Bq g') 37.44 1.33 2.04 0.94 1.16 0.66
Mean (Bq g!) 37.44 2.31 2.21 1.20 1.06 0.66
Standard deviation | ;3 c3 2.42 0.71 0.80 0.50 0.44
(Bgg-)
Number of outliers 0 2 0 0 0 2
Omitting ;
outliers Mean (Bq g!) 37.44 1.66 2.43 1.20 1.06 0.62
(5%) | standard deviati
anaara aeviation | 23 g3 1.33 0.69 0.80 0.50 0.32
(Bgg-)
Number of outliers 0 4 0 0 0 4
Omitti
outliers | Mean (Bq g 37.44 | 125 2.43 1.20 1.06 0.62
(%) | siandard deviati
andard aeviation | 23 g3 0.66 0.69 0.80 0.50 0.32
(Bgg™~)
Ref value (Bq g1 63.5 8.07 11.05 2.846 1.446 1
Expanded unc. 03 0.03 0.05 0012 | 0.006 0.01
(Bgg™)
Rel. exp. unc. (%) 0.43 0.43 0.43 0.43 0.43 0.01
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Fig. 16. Normal probability plot and frequency histogram of the **'I results. The red
curve in the frequency histogram is the normal probability distribution.

In Figure 17, the ratio of the **I activity per spiked air filter as measured and reported
by the participating laboratory over the individual spiked activity on the filter (JRC
reference value) is plotted. The error bars show the expanded uncertainty (k=2). The
blue dashed lines indicate the £20% limit from the JRC reference value and the red
dashed lines the £33% limit from the JRC reference value.
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Fig. 17. Ratio of *'I activity per spiked air filter as measured by the participating
laboratory to the individual spiked activity on the filter (JRC reference value). Blue
dashed lines indicate the £20% limit from the JRC reference value and the red dashed
lines the £33% limit. The error bars show the expanded uncertainty (k=2).
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Percentage difference (D%)

Fig. 18. Percentage difference of the '*'I results reported by the participating
laboratories from the reference activity values, plotted in ascending order. Blue color
indicates the results within the range £20% from the reference value and red indicates
results outside that range.

The majority of the laboratories reported results below the reference activity value. From
Table 14 and Figures 17 and 18 it can be seen that 47 of the 67 laboratories reported
1311 results discrepant by more than +20% from the reference value, which is the
individual reference activity spiked on each filter. This represents 70% of the
participating laboratories. Fourty one laboratories reported results which were outside
the more tolerant limit of £33% from the reference value. This is just 61% of the
participating laboratories.
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Fig. 19. £, numbers for the *'I results plotted in ascending order. Green color indicates
compatible results, yellow indicates warning signal and red indicates action signal.
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To take the expanded uncertainty of the reported results and that of the reference
values into account in the analysis, a performance test using E, numbers was applied
(ISO, 2005a). The E, numbers sorted in ascending order are graphically presented in
Figure 19.
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Fig. 20a. PomPlot of the '*'I data. Green, blue and red solid lines indicate
C-scores=1, 2 and 3, respectively.
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Fig. 20b. PomPlot of the '*'I data within the £20% range from their respective
reference values. Green, blue and red solid lines indicate
(-scores=1, 2 and 3, respectively.
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Under the conditions of this test, 9 (13%) out of the 67 reported results for *!I are
compatible with the reference value, while 58 are not. Among those 58, 7 (10%)
laboratories reported incompatible results with 1<|E,|<1.5 and 51 (76%) reported
incompatible results with |E,|>1.5.

The PomPlot (see theoretical description in Section 6.2.4) created on the basis of the
reported results for *'I is presented in Figure 20a. Because of most reults being far from
their respective referencevalues, the MAD value is abnormally high and this results in
the peculiar PomPlot of Figure 20a. If only results within the £20% range from their
respective reference values are taken into account, the calculated PomPlot is that
depicted in Figure 20b. The points outside the |C|=3, indicate those laboratories that
probably underestimated the uncertainties on their reported results for 31,

7.3.3 Parameters possibly influencing the results

Although measuring *'I does not present any problem, as its main gamma-ray lines are
emitted at relatively high energies, at 284.3, 364.5 and 637.0 keV with emission
probabilities of 6.14, 81.2 and 7.12%, respectively, there are some issues to be brought
to the attention of the analyst.

7.3.3.1 Decay during measurement

Because of the relatively short half-life of *'I (8.0233 (19) d), besides the usual decay
correction applied for reporting the results on the reference date of 1 March 2016 0:00
UTC, a second correction maybe necessary for longer acquisition periods to compensate
for the decay during the measurement period (Debertin and Helmer, 1988). As it is
shown in Table 16, this correction is negligible for an acquisition time of 1 hour, it
becomes 1% for a 6-hour acquisition and close to 9% for a 2-day acquisition. An
alternative correction is to take in the decay correction calculations as start time of the
measurement the mid-point of the measurement time.

Table 16. Correction factors for the decay during measurement of 1.

Counting interval Correction factor
1h 1.002
2h 1.004
6 h 1.011
12 h 1.022
24 h 1.044
2d 1.089
3d 1.135
5d 1.231
7 d 1.333

Table 17 shows the distribution of the corrected and non-corrected for decay during
measurement results of '*!I, as reported by the participants, as compatible and non-
compatible according to the Do, and E, criteria. Nineteen laboratories did not correct for
decay during measurement, but the compatible and non-compatible distribution of the
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reported resuts does not differ from the distribution of those reported by laboratories
which corrected for decay during measurement.

Table 17. Distribution of the corrected and non-corrected for decay during
measurement results of *'I, as reported by the participants, as compatible and non-
compatible according to the Do, and E, criteria.

Corrected for decay Non-Corrected for decay
during measurement during measurement
48 (72%) 19 (28%)
Compatible con?::t-ible Compatible con?::t-ible
Dy, 14 (29%) 34 (71%) 6 (32%) 13 (68%)
E, 7 (15%) 41 (85%) 2 (10%) 17 (90%)

7.3.3.2 Coincidence summing correction

The three principal gamma-ray lines of *3!I at 284.3, 364.5 and 637.0 keV suffer from
coincidence summing (for explanation refer to Section 7.2.3). However, the correction
factors are close to unity, with the exception of the 284.3 keV line in combination with
high efficiency detectors. The formulae from Schima and Hoppes (1983) for the
reciprocal correction factor and indicative values for Detectors A and B (Section 3.1) as
calculated for an active filter of 50 and 90 mm in diameter and measured on the
detector endcap are given in Table 18.

Table 18. Formulae from Schima and Hoppes (1983) for the reciprocal correction factor
and indicative values for Detectors A and B (Section 3.1) as calculated for an active filter
of 50 and 90 mm in diameter and measured on the detector endcap (see also Section
7.2.3).

E&Z‘;?)y Correction factor (reciprocal) Detector A Detector B
36% rel. eff. 92% rel. eff.
Active area on filter | 50 mm | g90 mm | 50 mm | 90 mm
284.3 1-0.467(KX)-0.389(80.2) 1.044 1.019 1.276 1.169
364.5 1+0.029{80.2}{284.3}/{364.5} 0.997 0.999 0.989 0.995
637 14+0.007{364.5}{272.0}/{637.0} 0.999 0.999 0.998 0.999

7.3.3.3 Radioactivity transferred to the protective plastic bag

During the exercise it became obvious that there was transfer of a variable quantity of
the 3! activity from the spiked air filter to the containing (inner) protective plastic bag.
More affected were the small filters being directly in contact with the plastic bag. The
larger filters were folded with the activity inwards and so protected. This activity transfer
concerns only *!I; the '3’Cs and '3*Cs were not affected.

At the JRC we measured originally the quality control spiked air filters in their plastic
bags. To check for the activity transfer, we measured two spiked air filters (IRMM-03
and IRMM-06) alone and their corresponding plastic bags separately. The findings are
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given in Table 19; a fraction of 3 to 6% of the *'I activity had been transferred to the
plastic bag.

Table 19. Count rate results for the 364 keV line of **I from measuring filters IRMM-03
and IRMM-06 and their plastic bags. The percent ratio of the count rate obtained from
the plastic bag to that from the filter is given in the last column.

Item Detector ((:ggztk':\;;e Ratio %
Filter_IRMM-06 in original bag A 0.0712
Filter_IRMM-06 Plastic bag only 0.0023 3.2
Filter_IRMM-06 in new bag 0.0700
SUM 0.0723
Filter_IRMM-03 in original bag B 0.0538
Filter_IRMM-03 Plastic bag only 0.0046 5.6
Filter_IRMM-03 in new bag 0.0480
SUM 0.0526
Filter_IRMM-06_in original bag B 0.1711
Filter_IRMM-06 Plastic bag only 0.0058 3.5
Filter_IRMM-06 in new bag 0.1671
SUM 0.1729

Although it was originally recommended to the participants to measure the plastic bag as
well, they were warned in the course of the exercise (see communication in Annex 2E) to
measure both the filter and the plastic bag (either together or separately) and add the
measured activities. It is evident that the counting efficiency of the plastic bag is
different than that of the filter, but even with an estimation of the counting efficiency,
adding the transferred activity would be an improvement on the '*!I result. Table 20
gives the distribution of the results for 31 corrected and non-corrected for the
transferred activity to the protective plastic bag, as reported by the participants, as
compatible and non-compatible according to the D¢, and E, criteria. Eight laboratories
reported that they did not measure the protective plastic bags, but there is no significant
difference in the distribution of the reported results as compatible or non-compatible
compared to the laboratories that they carried out the appropriate corrections.

Table 20. Distribution of the results for **'I corrected and non-corrected for the
transferred activity to the protective plastic bag, as reported by the participants, as
compatible and non-compatible according to the Do, and E, criteria.

Plastic bag measured
(together with filter or
separately)

59 (88%) 8 (12%)

Plastic bag
not measured

Non-
compatible

Non-

Compatible compatible

Compatible

Do, 17 (29%) | 42 (71%) | 3 (37.5%) | 5 (62.5%)
E, 8 (14%) | 51 (86%) | 1 (12.5%) | 7 (87.5%)
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7.3.4 Conclusions

By measuring the quality control spiked air filters and point sources it became obvious
that although the results of the activity were as expected for *’Cs and **Cs, they were
systematically low and with significant spread for **'I. For logistics reasons, the quality
control sources were measured at the JRC after dispatching the spiked air filters to the
participants. It is worth noticing that both filters and point sources exhibit equally lower
than expected activities for !*'I. The first occurrence was observed with point source
PS014. Point sources and liquid scintillation sources made before that gave excellent
results with deviations from the expected values of less than 1%.

The cause of this decrease of the 3!I activity is not clear. All point sources and spiked air
filters were prepared gravimetrically in the same way and by the same operator under
controlled conditions of temperature, pressure and humidity. The drying of the sources
was done overnight and not in a forced way (e.g. heating). Volatility of iodine could be
the culprit; a solution of 25 mg g™* KI and 25 mg g* Na,S,0; was used to keep the iodine
in solution, but it might be that the salt concentration was not adequate.

In an attempt to explain the discrepancies, the ratio of the measured to the reference
activity values of '3!I was plotted in a number of ways, of which two are shown in
Figures 21 and 22. In Figure 21 the ratio was plotted per day of production of the spiked
air filters and with ascending of spiked activity (per day). Notice that smaller filters were
spiked first and then the larger ones. Dilution E5 shows better performance, but being
the most dilute was used for the larger filters. No effect can be observed in terms of
activity levels spiked or mass of the spiked solution.
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Fig. 21. Ratio of 3! activity per spiked air filter as measured by the participating
laboratory over the individual spiked activity on the filter (JRC reference value) plotted
per day of preparation and with ascending spiked activity (per day). Blue dashed lines
indicate the £20% limit from the reference value and red dashed lines the £33% limit.

The error bars show the expanded uncertainty (k=2). The laboratory numbers are

arbitrary.
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In Figure 22 the ratio was plotted per dilution used for spiking, with indication of the
filter size in color. It can be observed that larger filters behaved better in retaining **'I
spiked on them. This can be due to the material of the filter itself; filters with fiberglass
composition behaved better than those from cellulose. This is not absolute though and
does not explain why the point sources prepared by depositing aliquots of the radioactive
solution onto a plastic foil, exhibit the same behaviour.

Because the mechanism of depositing the activity by spiking is different han that by
collecting air particulates, we estimate that such effect should not be observed in air
filters loaded by exposing them to an aerosol.
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Fig. 22. Ratio of *3!I activity per spiked air filter as measured by the participating
laboratory over the individual spiked activity on the filter (JRC reference value) plotted
per dilution used for spiking and with indication (in color) of the filter size. Blue dashed
lines indicate the £20% limit from the reference value and red dashed lines the £33%
limit. The error bars show the expanded uncertainty (k=2). The laboratory numbers are

arbitrary.

The spiked air filters could also lose some '*!I activity by being exposed to heat. Some
participants mentioned in private communication (but not reported in the questionnaire)
heating the filters prior to measuring in order to dry them, as routine in their procedure.

One way to compensate for the loss of 3!I and reflect the spread of the effective spiking
results in the calculation of the E, number could be to artificially increase the uncertainty
on the reference value to 22.5% (ne half of the mean discrepancy of the quality control
sources measured activity from their correspondig expected activity values).

Figure 23 shows the E, numbers for the **'I results plotted in ascending order, when the
uncertainty on the reference value is increased to 22.5%. In such case, 30 (45%)
laboratories score |E,|<1, 6 (9%) laboratories score 1<|E,|<1.5 and 31 (46%) score
|E,|>1.5. The laboratories in the three E, categories can be identified from Figure 23.
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Fig. 23. £, numbers for the **'I reported results plotted in ascending order, when the
uncertainty on the reference value is increased to 22.5%. Green color indicates
compatible results, yellow indicates warning signal and red indicates action signal.

8. Conclusions

The 2016 ENV57/MetroERM Interlaboratory Comparison was organized and conducted by
the JRC in the frame of the ENV57/MetroERM "Metrology for radiological early warning
networks in Europe", a European Metrology Research Program (EMRP). All 67
participating laboratories reported valid activity results for all of the three radionuclides
of interest, namely '*’Cs, *3*Cs and 3!1. Figure 24 is a color coded cumulative plot of the
ratio of the measured to the reference activity values to judge the performance of the
laboratories for all three radionuclides simultaneously.

Table 21 lists the percentage difference, Do, and the E, number for each of the three
radionuclides, '3’Cs, '**Cs and !*!I1. Values of D, outside the £20% limit from the
reference value are in yellow. Absolute values of E, between 1 and 1.5 are also in yellow
and those above 1.5 are in red.

The compatibility criterion is satisfied when both the percent difference, Do, being
withing the £20% limit from the reference value and the absolute E, being smaller than
unity. The compatibility for each laboratory and for the three radionuclides is given in
the last three columns of Table 21.

In Table 22 the number of results (and the percentage over all results in parentheses)
satisfying the <£20% and <*x33% discrepancy from the reference values is given. The
performance of the laboratories is similar for measuring **’Cs and **Cs with 84% of the
laboratories reporting values within the £20% limit from the reference values for both
nuclides and 63% and 54%, respectively, scoring |E,|<1. Equally, 61% and 54% of the
laboratories reported compatible results, satisfying both criteria. However, only 40% of
the laboratories reported compatible results for both *’Cs and '**Cs (Table 23). This is
strange as one would expect that laboratories measuring correctly one of the two
nuclides should be able to measure correctly the other as well.
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Fig. 24. Ratio of *’Cs (in blue), ***Cs (in red) and *'I (in green) activity per spiked air
filter as measured by the participating laboratory to the individual spiked activity on the
filter (JRC reference value). Blue dashed lines indicate the £20% limit from the
reference value and the red dashed lines the £33% limit. The error bars show the
expanded uncertainty (k=2).

For I only 30% of the results were within the £20% limit from the reference values
and 13% obtained |E,|<1. At least, this poor performance is due partly to the quality of
the spiked air filters, in what concerns 3!l (refer to Section 7.3.3). It was the first
attempt to include **'I in an ILC organised by JRC; it is a radionuclide which could be
released in case of a nuclear incident or accident and therefore of interest to the
laboratories monitoring the environment. Because of its properties and its rather short
half-life it is not very often included as measurand in ILCs or PTs.

Nevertheless, 30% of the participating laboratories reported 3! activities within the
£20% limit from the reference values and 39% the more tolerent £33% range. In those
circumstances, it is not surprising that only 13% of the laboratories reported compatible
results for *!I, 13% for both **Cs and *'I and only 7.5%, i.e. 5 laboratories, for **’Cs
and **'I or for all three radionuclides simultaneously.

The lower success rate for the E, number, compared to the percentage difference, Do,
reflects the fact that some laboratories underestimated the uncertainties on their results
and so they were penalized in the E, number test. The latter takes into account the
uncertainty and although the results pass the Do, test, they fail the E, test. In Table A-12
of Annex 12 the detailed uncertainty budgets, as reported by the participating
laboratories, are given for each of the three radionuclides. Some laboratories did not
report the individual components of their uncertainty budgets. In column 13 the
combined standard uncertainty as reported by the laboratories is given, in column 15 the
calculated from the components combined standard uncertainty is given and in column
16 the combined standard uncertainty as deduced from the reported results. Some
discrepencies were observed and the concerned laboratories should improve the way
they calculate their uncertainty budgets by following the "GUM approach" and establish a
complete evaluation of uncertainty sources. A workshop was organised by JRC on 7 and
8 April, 2016 (Annex 2H) to bring together the participants of this ILC to discuss all
aspects of the ILC and provide ideas and suggestions to improve the performance of the
laboratories.
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Table 21. Performance of the laboratories: percentage difference, Do, and E, number
for each of the three radionuclides, *¥Cs, '**Cs and **'I. Values of Do, outside the £20%
limit from the reference value are in yellow. Absolute values of E, between 1 and 1.5 are
also in yellow and those above 1.5 are in red.

137¢s 134cs 1311 Compatibility
C": dbe Do, E, Do, E, Do, E, | *¥'Cs | *cs | B
1 -14.5 -0.6 -12.0 -0.8 yes yes no
2 -7.2 -0.5 -1.4 -0.1 yes yes no
3 2.3 0.2 -2.7 -0.3 yes yes no
4 -14.9 -0.9 -5.0 -0.8 yes yes no
5 10.9 0.8 8.5 0.96 | -12.6 -1.4 yes yes no
6 2.2 0.2 0.5 0.0 -148 | -1.4 yes yes no
7 -12.6 yes no no
8 23.6 no yes yes
9 5.2 yes yes yes
10 -16.4 no no no
11 2.2 yes no no
12 -8.5 yes yes no
13 3.1 yes yes no
14 -1.9 yes yes no
15 24.8 no yes no
16 23.7 no yes no
17 -0.8 yes yes yes
18 -16.3 no no no
19 -5.8 yes yes no
20 12.1 no yes yes
21 -10.1 yes no no
22 7.2 yes yes yes
23 4.5 yes yes no
24 -4.9 yes no no
25 -7.6 yes yes no
26 149.7 no no no
27 -11.7 no no no
28 43.4 no yes no
29 -13.2 no no no
30 19.1 no no no
31 -7.5 no no no
32 4.9 yes yes yes
33 9.0 yes yes no
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137¢s Compatibility
CL:dbe D., 1370 | 134cg | 1317
34 -6.2 yes no no
35 22.8 no yes yes
36 4.5 yes no no
37 5.4 yes yes no
38 0.2 yes no no
39 -18.4 no no no
40 23.6 no yes no
41 2.5 yes no no
42 -19.9 no no no
43 6.8 yes no no
44 -20.8 no no no
45 5.2 yes yes no
46 -12.6 yes yes yes
47 -10.1 no no no
48 10.7 no yes yes
49 26.4 no no no
50 0.1 yes no no
51 -2.8 yes no no
52 -7.6 yes yes no
53 11.9 no no no
54 -42.2 no no no
55 -18.7 no no no
56 5.7 yes yes no
57 -4.7 yes yes no
58 -1.0 yes yes no
59 -3.8 yes yes no
60 -12.0 no no no
61 13.1 yes yes no
62 -6.7 no yes no
63 -24.0 no no no
64 -14.8 yes no no
65 -4.0 yes no no
66 -9.5 yes no no
67 -4.2 yes yes no
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From the comparison of the statistics of the reported results for **’Cs, it is concluded
that the performance of the laboratories analysing this nuclide is rather stable. The
results for !**Cs were equally satisfactory, albeit not necessarily from the same
laboratories reporting compatible results for *’Cs. The observed negative bias on the
reported results compared to the reference values, might be partly attributed to a non-
adequate summing correction applied by some laboratories. However, the statistical
results show that the coincidence summing correction was taken into account rather
successfully, either by correcting or by using suitable sources for the counting efficiency
calibration, as there is no significant difference in the distribution of compatible and non-
compatible results (Table 13).

In the case of 3!, the transfer of activity to the protective plastic bag was a minor
problem and most of the participants measured the plastic bag and added the activity to
the activity measured on the spiked air filter.

Table 22. Cumulative table showing the performance of the laboratories for the three
radionuclides, *’Cs, **Cs and *3!1. The numbers give the number of laboratories with
the percent fraction in parentheses.

Number of laboratories

Nuclides 137¢cs 134¢cg 1317
|D%| <20 56 (83.6%) 56 (83.6%) 20 (29.9%)
|D%]|>20 11 (16.4%) 11 (16.4%) 47 (70.1%)

|D%|<33%

64 (95.5%)

63 (94.0%)

26 (38.8%)

|D%|>33% 3 (4.5%) 4 (6.0%) 41 (61.2%)
|E,|<1 42 (62.7%) 36 (53.7%) 9 (13.4%)
1<|E,|<1.5 12 (17.9%) 7 (10.4%) 7 (10.4%)
|E,|>1.5 13 (19.4%) 24 (35.8%) 51 (76.1%)

The integrity of the spiked !*'I activity was a major problem and because of that we
cannot arrive at a clear conclusion on the performance of the participating laboratories
for this radionuclide. We can however conclude that:

- For laboratories which reported compatible results, it means that they had received an
air filter with the integral of the spiked '3!I activity and that they had measured 31
correctly.

- For laboratories which did not report compatible results, the reasons can be multiple:

- Air filter maintaining only part of the spiked *'I activity;
- Measurement of '3!I not performed correctly;
- Both of the above.

This exercise highlights the need for additional studies of the radioiodine behaviour on
the air filters.

A number of laboratories (8 or 12%) did not use the recommended values for the half-
lives and the gamma-ray emission probabilities. However, given the values used and the
measurement conditions, we estimate that the discrpencies from using the
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recommended values would be completely negligible for ***Cs (<0.0001%) and very
small (<0.4%) in the case of 11,

Table 23. Cumulative table showing the number of laboratories (percent fraction in
parentheses) satisfying both the |D%|<20 and |E,|<1 criteria for the three
radionuclides, *’Cs, 1**Cs and 3!1, for any pair of them and for all three simultaneously.

Number of laboratories
Nuclides 137Cs 134cs 1317
Single 41 (61.2%) 36 (53.7%) 9 (13.4%)
Double 27 (40.3%)
Double 9 (13.4%)
Double -> 5 (7.5%)
Triple 5 (7.5%)

It is worth mentioning that one participant (Laboratory 26) informed us on 11 October
2016 that they had by mistake reported the results in a cyclic permutation. This means
that the activity result for *’Cs was reported for **'I, the one for 3*Cs as that for *’Cs
and the one for 3! as that for !**Cs. Table 24 lists the correct order of results, the
original (calculated with the originally reported results) and the new Do, and E, numbers
and indeed, it is a set of very good results, compatible for all three nuclides.

Table 24. Correct order of results for Laboratory 26 and the original and the new Do,
and E, numbers.

R ted
. Reported unizft;ﬁty Reported | Original | New | Original | New
Nuclide | activity u(A) Kk factor D D E E
A (Bq) (Bq) % % n n
137Cs 0.43 0.077 2 150 10.7 3.1 0.54
134¢cs 0.97 0.19 2 82 15.2 2.3 0.67
1317 1.53 0.30 2 -68 13.3 -1.5 0.26

Unfortunately, we could not accept modification of the results reported after the deadline
and the originally reported results were kept for Laboratory 26. An important phase of
an analysis campaign is reporting of the results. The most common mistake is to use the
wrong units or misplace the decimal point, but other mistakes are not excluded. To err is
human and the usefulness of such exercise is to discover and correct any mistake.

We are aware of the complexity of the questionnaire that has to be filled by the
participants, but it contains information which can help us to understand how
environmental laboratories perform their tasks of air monitoring for radioactivity and to
deliver reference samples suitable for such measurements and eventually solve problems
that some laboratories could encounter.

The answers given to the accompanying questionnaires revealed a diversity of sampling
devices and sampling procedures, leaving much room for variation in the measurement
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geometry and sample preparation of air filters. If just one type of air filter with the same
activity would have been sent to the participating laboratories, a comparison of results
would not have reflected the routine measurement conditions. The radioactivity loaded
air filters were prepared on air filters provided by the participants by individually spiking
gravimetrically a radioactive solution containing the nuclides of interest.

The fact that some problems are always encountered, which can be detected and
corrected confirms that there is a permanent need for such comparisons to reaffirm the
performance of the laboratories. The “Metrology for radiological early warning networks
in Europe” (ENV57-MetroERM) project, coordinated in the frame of the European
Metrology Research Programme and funded by the European Association of National
Metrology Institutes (EURAMET) and the EU in 2014, aims as well to the harmonisation
of the data provided by the radiological early warning networks in Europe (MetroERM,
2016).

The JRC will conduct more ILCs in the future and has developed to that purpose a special
automatic dispenser capable of accurately delivering aliquots of a solution as small as 20
ML in any given pattern, based on a X-Y coordinate system. This dispenser can be used
in the next ILC to be organized on radioactivity measurement in spiked air filters and it
will improve on the homogeneity of the final product.
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uTC

MAD
MDA

stdev

Bureau International des Poids et Mesures

Broad Energy Germanium detector

Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas
Comité Consultatif des Rayonnements Ionisants, Section 2
Decay Data Evaluation Program

European Commission

European Metrology Research Programme

European Union Member States

European Atomic Energy Community

European Association of National Metrology Institutes
European Union Radiological Data Exchange Platform
Guide to the Expression of Uncertainty in Measurement
High-Purity Germanium detector

International Scheme for

Monitoring

Comparison

Interlaboratory comparison organised by JRC-IRMM

International Organization for Standardization

Directorate General Joint Research Centre

JRC Institute for Reference Materials and Measurements

JRC Institute for Transuranium Elements

Key Comparison Reference Value

liquid scintillation counter, liquid scintillation counting

Metrology for radiological early warning networks in Europe, ENV57
National Institute of Standards and Technology

National Metrology Institute

Systéme International de Référence, International Reference System for

radionuclides

Coordinated Universal Time

activity measured by participating laboratory
activity reference value, spiked activity
percentage difference

performance statistic £, number

coverage factor according to GUM

median absolute deviation

Minimum Detectable Activity

standard deviation, standard uncertainty in counting alone
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Uc

U

U(A)
U(Ao)
u(A)
u(Ao)
uc(A/Ao)

combined standard uncertainty according to GUM
expanded uncertainty according to GUM
expanded uncertainty of laboratory result (k=2)
expanded uncertainty of reference value (k=2)
standard uncertainty of laboratory result (k=1)
standard uncertainty of reference value (k=1)

combined standard uncertainty of ratio A/Ay (k=1)
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of the reported to the reference activity and E, number, with their associated standard
uncertainties (k=1).

Table 11. Statistical analysis of the laboratory reported results for **Cs, per dilution. In
the last column, the ratios of the measured to the reference values are given.

Table 12. Formulae from Schima and Hoppes (1983) for the reciprocal correction factor
and indicative values for Detectors A and B (Section 3.1) as calculated for an active filter
of 50 and 90 mm in diameter and measured on the detector endcap (see also text).

Table 13. Distribution of the corrected and non-corrected for coincidence summing
results of 3*Cs, as compatible and non-compatible according to the D¢, and E, criteria.

Table 14. 3] reference spiked activity, activity result as reported by the participating
laboratories, ratio of the reported to the reference activity, percentage difference (D%)
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of the reported to the reference activity and E, number, with their associated standard
uncertainties (k=1).

Table 15. Statistical analysis of the laboratory reported results for '!I, per dilution. In
the last column, the ratios of the measured to the reference values are given.

Table 16. Correction factors for the decay during measurement of 31,

Table 17. Distribution of the corrected and non-corrected for decay during
measurement results of ***I, as compatible and non-compatible according to the D, and
E, criteria.

Table 18. Formulae from Schima and Hoppes (1983) for the reciprocal correction factor
and indicative values for Detectors A and B (Section 3.1) as calculated for an active filter
of 50 and 90 mm in diameter and measured on the detector endcap (see also Section
7.2.3).

Table 19. Count rate results for the 364 keV line of 3! from measuring filters IRMM-03
and IRMM-06 and their plastic bags. The percent ratio of the count rate obtained from
the plastic bag to that from the filter is given in the last column.

Table 20. Distribution of the results for *'I corrected and non-corrected for the
transferred activity to the protective plastic bag, as compatible and non-compatible
according to the Do, and E, criteria.

Table 21. Performance of the laboratories: percentage difference, Do, and E, number
for each of the three radionuclides, '¥Cs, 1**Cs and '*'I. Values of Do, outside the £20%
limit from the reference value are in yellow. Absolute values of E, between 1 and 1.5 are
also in yellow and those above 1.5 are in red.

Table 22. Cumulative table showing the performance of the laboratories for the three
radionuclides, *’Cs, **Cs and *3!I. The numbers give the number of laboratories with
the percent fraction in parentheses.

Table 23. Cumulative table showing the number of laboratories (percent fraction in
parentheses) satisfying both the |D%|<20 and |E,|<1 criteria for the three
radionuclides, *’Cs, ***Cs and !*'I, for any pair of them and for all three simultaneously.

Table 24. Correct order of results for Laboratory 26 and the original and the new Do,
and E, numbers.

Table A-1. General information on the 2016 MetroERM ILC participating laboratories.
Table A-2. Air filter size categories.

Table A-3. Information on the air sampling methods.

Table A-4. Information on the technical part of the measurements.

Table A-5. Type, material size and form of air filters used by the participants and as
reported by the participants.

Table A-6. Sequence of spiked filters and quality control sources prepared for the 2016
ENV57/MetroERM ILC exercise.

Table A-7a. Gamma-ray spectrometric results of the quality control filters; measured
values and the corresponding uncertainties.

Table A-7b. Gamma-ray spectrometric results of the quality control filters; their relative
deviation from the reference values and their ratio to the reference values.

Table A-8a. Gamma-ray spectrometric results of the quality control point sources;
measured values and the corresponding uncertainties.

Table A-8b. Gamma-ray spectrometric results of the quality control point sources; their
relative deviation from the reference values and their ratio to the reference values.
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Table A-9. Treatment of spiked air filters before measurement by the participants and
equipment used for the measurement of the spiked air filters.

Table A-10. Measurement parameters; acquisition time, count rates, MDA.

Table A-11. Coincidence summing correction factors as applied and reported by the
participants.

Table A-12. Detailed uncertainty budget table showing the uncertainty components as
reported by the participating laboratories, for all three radionuclides. In column 13 the
combined relative uncertainty as reported by the participants is given. For comparison,
in column 15 the combined relative uncertainty calculated as square root of the
quadratic sum of the uncertainty components given in the table is given. Finally, in
column 16 the combined relative uncertainty as calculated from the uncertainty
accompanying the results is given.
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ANNEXES

Annex 1: List of participating laboratories per country (in
alphabetic order)

AUSTRIA
Mr. Johannes Klimstein
Austrian Agency for Health and Food Safety (AGES)
Department for Radon and Radio
Wieningerstrasse 8
4020 Linz

Mr. Florian Smecka

AGES Vienna

Radiation Protection & Radioch
SpargelfeldstraBe 191

1220 Vienna

BELGIUM
Dr. Michel Bruggeman
SCK-CEN
LRM
Boeretang 200
2400 Mol

Mr. Tony Dieudonne
IRE ELIT

BUS

Avenue de I'Esperance 1
6220 Fleurus

BULGARIA
Mrs. Bistra Hristova
Regional Health Inspectorate - Varna
Public Health Department
3, Bregalnitza str
9000 Varna
BULGARIA

Mrs. Cvetelina Kamenova
Executive Environment Agency
Regional Laboratory Vratza
Exarh Josif 81

3000 Vratza

BULGARIA

Dr. Rositza Kamenova-Totzeva

National Center of Radiobiology and Radiation Protection
Public Exposure Monitoring Lab

Georgi Sofiiski Blvd. No 3

1606 Sofia

BULGARIA

Mrs. Lena Krumova

Executive Environment Agency
Regional Laboratory - Montana
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4 "Julius Irasek" Str.
3400 Montana
BULGARIA

Mrs. Kalinka Stoyanova
Executive Environment Agency
Lab for radiation measurements
blvd. Tzar Boris III 136

1618 Sofia

BULGARIA

CROATIA
Dr. Tomislav Bituh
Institute for Medical Research and Occupational Health
Radiation Protection Unit
Ksaverska Cesta 2
P.O. Box 291
10000 Zagreb
CROATIA

CYPRUS
Mrs. Anastasia Caballero
State General Laboratory of Cyprus
Kimonos Street 44
1451 Nicosia
CYPRUS

CZECH REPUBLIC
Mr. Zdenek Borecky
Statni ustav radiacni ochrany v.v.i.
Branch Hradec Kralove
Pileticka 57/15A
500 03 Hradec Kralove
CZECH REPUBLIC

Mrs. Helena Mala
NRPI (SURO)
Monitoring dep.
Bartoskova 28
140 00 Prague
CZECH REPUBLIC

Mr. Jiri Rada

Statni ustav radiacni ochrany,v.v.i.
Syllabova 21

703 00 Ostrava

CZECH REPUBLIC

DENMARK
Dr. Sven Nielsen
Technical University of Denmark
Center for Nuclear Technologie
Frederiksborgvej 399
4000 Roskilde
DENMARK
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Mr. Asser Nyander Poulsen
The Danish Health Authority
Radiation Protection
Knapholm 7

2730 Herlev

DENMARK

ESTONIA
Ms. Eia Jakobson
Environmental Board Republic of Estonia
Radiation Safety Department
Kopli 76
10416 Tallinn
ESTONIA

FINLAND
Dr. Jani Turunen
STUK - Radiation and Nuclear Safety Authority
VALO
Laippatie 4
FI-00880 Helsinki
FINLAND

FRANCE
Dr. Rodolfo Gurriaran
IRSN
STEME/LMRE
Batiment 501
Campus universitaire d'Orsay
Bois des Rames
91400 Orsay
FRANCE

Mr. Romain VIDAL

Institut de Radioprotection et de sureté Nucléaire (IRSN)
PRP-ENV / STEME/LMN

31 Rue de I'écluse

78116 Le Vésinet

FRANCE

GERMANY
Mrs. Jacqueline Bieringer
Bundesamt fir Strahlenschutz (Federal Office for Radiation Protection)
SW 2.5
Rosastrasse 9
79098 Freiburg
GERMANY

GREECE
Prof. Alexandros Clouvas
Aristotle University of Thessaloniki
Egnatia Street
Polytechnical School
Building Delta - Fifth floor
54124 Thessaloniki
GREECE
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Dr. Maria Nikolaki

Greek Atomic Energy Commission
Environmental Radioactivity
Patriatchou Grigoriou & Neapoleos
P.O. Box 60092

15310 Agia Paraskevi Attiki
GREECE

HUNGARY
Ms. Julia Kévendiné Koényi
National Public Health Center
National Directorate for Radiobiology and Radiohygiene
Environmental Radiohygiene
Anna street nr. 5
1221 Budapest
HUNGARY

IRELAND
Mr. Stephen Somerville
Environmental Protection Agency (ORP)
Radiation Monitoring
3 Clonskeagh Square
Clonskeagh Road
Dublin 14
D14  Dublin
IRELAND

ITALY
Mr. Pietro Badalamenti
ARPA Lombardia
Office for Radiation Protect.
via Juvara 22
20129 Milano
ITALY

Dr. Giovanna Belmusto
ARPACAL

Department of Reggio Calabria
via troncovito snc

89135 Reggio Calabria

ITALY

Dr. Claudio Cristofaro

ARPA Molise - Centro di Riferimento Regionale per il Controllo della Radioattivita
Ambientale

Campobasso Department

Contrada Selva Piana snc

86100 Campobasso

ITALY

Dr. Giorgio Evangelisti
ARPA Lazio

Sede di Viterbo

Via Montezebio 17
01100 Viterbo

ITALY
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Dr. Massimo Faure Ragani
ARPA Valle di Aosta
Environmental radioactivity
Loc Grande Charriere 44
11020 Saint Christophe
ITALY

Dr. Mauro Magnoni
ARPA Piemonte
Dipartimento Radiazioni
Via Jervis, 30

10015 Ivrea

ITALY

Dr. Stefano Pegoretti

Agenzia Provinciale Protezione Ambiente
Settore Laboratorio

via Lidorno, 1

38123 Trento

ITALY

Dr. Laura Porzio
ARPA Piemonte
SS Siti Nucleari
Via Trino 89
13100 Vercelli
ITALY

Dr. Giuseppe Roselli

ARPA Puglia

Dipartimento Bari - Polo R. I.
Via Oberdan 18/E

70126 Bari

ITALY

Dr. Paola Sabatini

ARPA Umbria

UOLM- Serv. Rad. Ionizzanti
Via Pievaiola 207 B-3
06132 Perugia

ITALY

Dr. Roberto Sogni

ARPA Emilia Romagna

CTR Radioattivita Ambientale
via XXI Aprile, 48

29121 Piacenza

ITALY

LITHUANIA
Dr. Arunas Gudelis
Center for Physical Sciences and Technology (FTMC)
Metrology Department
Savanoriu Ave. 231
LT-02300 Vilnius
LITHUANIA
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Dr. Beata Silobritiene
Environmental Protection Agency
Environmental Research
A.Juozapaviciaus str. 9

09311 Vilnius

LITHUANIA

LUXEMBOURG
Dr. Marielle Lecomte
Ministry of Health
Radioprotection
Villa Louvigny
Allée Marconi
2120 Luxembourg
LUXEMBOURG

MALTA
Ms. Doris Gambin
Public Health Lab.
Evans building
Lower Merchants street
VLT 1179 Valletta
MALTA

NETHERLANDS
Dr. Ronald Overwater
RIVM
VLH
Antonie van Leeuwenhoeklaan 9
3721MA Bilthoven
NETHERLANDS

NORWAY
Mr. Alexander Mauring
Norwegian Radiation Protection Authority
Monitoring and Research
Grini Naeringspark 13
1361 @steras
NORWAY

Mr. Bredo Mgller

Norwegian Radiation Protection Authority
Svanhovd Emergency Prep. Unit
Svanhovd

9925 Svanvik

NORWAY

POLAND
Mr. Michal Bonczyk
Central Mining Institute (GIG)
Environmenal Radioactivity
Plac Gwarkow 1
40-166Katowice
POLAND
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Mr. Jerzy Chytla

Voivodship Sanitary and Epidemiological Station in Rzeszow (WSSE RZESZOW)
Radiation Laboratory (LPP)

Jezierskiego 39

38-500Sanok

POLAND

Mr. Krzysztof Isajenko

Central Laboratory for Radiological Protection
Dosimetry Department

Konwaliowa St. 7

PL-03-194 Warszawa

POLAND

Prof. Jerzy W. Mietelski

Institute of Nuclear Physics (IFJ PAN)
Radzikowskiego 152

31-342Krakow

POLAND

Dr. Jakub Osko

National Centre for Nuclear Research
LPD

A. Sottana 7

05-4000twock

POLAND

PORTUGAL
Dr. Maria José Madruga
Instituto Superior Técnico/laboratério de Protecdo e Seguranca Radioldgica
Estrada Nacional 10, km 139,7
2695-066 Bobadela LRS
PORTUGAL

ROMANIA
Ms. Luminita Cojocaru
Environmental Protection Agency Dolj
Radioactivity Laboratory Cv.
150 Calea Bucuresti street,
Craiova, Dolj, Romania
200344 Craiova
ROMANIA

Mrs. Nelida Florea

Environmental Protection Agency
Radioactivity Laboratory

Str. Splaiul Muresului FN

310132 Arad

ROMANIA

Mr. Vlad Florin

Enviromental Protection Agency
Radioactivity

Iza 1A

430073 Baia Mare

ROMANIA

84



Mrs. Claudia Puscasu

Environmental Protection Agency Constanta
Radioactivity Laboratory Cta

300 Mamaia B-dul,

Room nr.19

(C.M.R." Dobrogea" Building)

900581 Constanta

ROMANIA

Mrs. Elena Simion

National Environmental Protection Agency
Nat. Ref. Radioactivity Lab.

294, Splaiul Independentei

Sector 6

060031 Bucharest

ROMANIA

Mr. Claudia Tabacaru
Environmental Protection Agency
Radioactivity Laboratory

Th. Vascauteanu 10 bis

700464 Iasi

ROMANIA

SLOVENIA
Mr. Peter Jovanovic
Zvd Zavod za Varstvo Pri Delu d. O. O.
Chengdujska Cesta 25
1260 Ljubljana Polje
SLOVENIA

Mr. Branko Vodenik
Jozef Stefan Institute
F2

Jamova cesta 39
1000 Ljubljana
SLOVENIA

SPAIN
Dr. Javier Guillén
University of Extremadura
LARUEX, Dpt. applied Physics
Faculty of Veterinary
University of Extremadura
Avda. Universidad, s/n
10003 Caceres
SPAIN

Mrs. Isabel Serrano

Universitat Politécnica de Catalunya
INTE-ETSEIB

C / Diagonal, 647

08028 Barcelona

SPAIN
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Dr. Jose Antonio Suarez Navarro
CIEMAT

Environmental Radioactivity
Avenida Complutense 40

28040 Madrid

SPAIN

SWEDEN
Sofia Eriksson
Swedish Radiation Safety Authority
Solna Strandvag 122
17154 Solna
SWEDEN

Dr. Johan Kastlander

Swedish Defence Resarch Agency
Gullfossgatan 6 (Kista)

164 90 Stockholm

SWEDEN

SWITZERLAND
Mr. Giovanni Ferreri
Federal Office of Public Health
Environemental Radioactivity
Schwarzenburgstrasse 157
3003 Bern
SWITZERLAND

TURKEY
Mr. Memduh Fatih CINAR
Turkish Atomic Energy Authority
Saraykdy Nuclear Research and Training Center
Rad. & Ana. Meas. Division
Saray Mah. Atom Cad. No:27
06893 Kazan/Ankara
TURKEY

Dr. Nurdan Glngor

Turkish Atomic Energy Authority

Cekmece Nuclear Research and Training Center
Radioactivity Measurement Unit

Yarimburgaz Mah. Nukleer Arast

Merkezi Yolu No 10

34303 Istanbul

TURKEY

UNITED KINGDOM
Mr. Alasdair Morgan
Cavendish Nuclear Ltd
Radiometric Spectrometry
Greeson Court
Westlakes Science Park
CA24 3HZ Moor Row
UNITED KINGDOM
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2D. Spiked air filter dispatch (e-mail) and accompanying letter
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2F. Reporting results
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2G. Communication of preliminary results to the participants

B Ref. Ares(2016)5457470 - 20/09/2016

Geel, 20 September 2016

Subject: Preliminary results of the 2016 EMRP ENV57/MetroERM interlaboratory
comparison (ILC) and new Laboratory Code

Dear «Title» «Surname»,

Thank you for your participation at the 2016 EMRP ENV57/MetroERM interlaboratory
comparison (ILC) for the measurement of *’Cs, **Cs and **'I in air filters. Currently, we
are working on the preparation of the final report. However, for your information we are
sending you a preliminary evaluation of the results of this comparison in the attached
PDF.

Anonymity being a requirement, each laboratory was assigned a new code number
(different than the original one you received with the spiked filter), which is kept
confidential.

The new code number for your laboratory is «New_Lab_Code>».

In this preliminary report, the results are presented for all three radionuclides measured,
i.e. ¥¥Cs, 13*Cs and 31, in the form of the ratio of the laboratory reported value to the
reference value and the E, number. More details you can find in the report itself. You can
identify your laboratory in the graphs and find out how your reported results compare to
the reference values.

The final report of this comparison exercise is foreseen to be available later in 2016.
If you have any further questions with respect to this comparison, please feel free to
contact me at JRC-IRMM-REM-COMPARISONS@ec.europa.eu.

Best regards,

Timos Altzitzoglou

Timotheos ALTZITZOGLOU Petya Malo
Project Leader Logistics Assistant

European
Commyzsion

European Commission
Joint Research Centre (JRC)
Standards for Nuclear Safety, Security & Safeguards

Retieseweg 111

B-2440 Geel, Belgium

+32 14 571266
JRC-IRMM-REM-COMPARISONS@ec.europa.eu
EU Science Hub: https://ec.europa.eu/jrc

Connect with us on:
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As the Commission's in-house science service,

the Joint Research Centre’s mission is to provide
EU policies with independent, evidence-based
scientific and technical support throughout the whole
policy cycle.

Working in close cooperation with policy

Di the JRC add key
societal challenges while stimulating innovation
through developing new methods, tools and
standards, and sharing its know-how with the
Member States, the scientific community and
international partners.

© European Union, 2016

Joint Research Centre

The European Commission’s
in-house science service

European Commission

Joint Research Centre (JRC)

Institute for Reference Materials and Measurements
Retieseweg 111

2440 Geel, Belgium

Contact: Timotheos Altzitzoglou
Tel.: +32(0)14 571 266

E-mail:

timotheos.altzitzoglou@ec.europa.eu
mira.van-de-lucht@ec.europa.eu (secretary)

Serving society
Stimulating innovation
Supporting legislation

https://ec.europa.eu/jrc/

Measurement on simulated
airborne particulates — 137Cs
in air filters

Workshop for the participants of the 2014 EC and
the 2016 EVN57 — MetroERM measurement

comparisons

Programme
Thursday 7 April 2016

Joint Research Centre
Institute for Reference Materials
and Measurements

Measurement on simulated airborne particulates — '37Cs in air filters JRC-IRMM — 7 April
2016

08:15 Pick up at the hotel, Geel
08:45  Arrival at the JRC-IRMM entrance

09:00 Welcome - Introduction — Overview
Timos Altzitzoglou (JRC)

09:15 About EURDEP / REM
Marc De Cort (JRC)

09:45 Scope and organization of the
measurement comparisons

Borbala Maté & Timos Altzitzoglou
(JRC)

10:05 Radionuclide standardization and
filter spiking
Timos Altzitzoglou (JRC)

10:30 Coffee break

11:00 Filter measurement and Quality
Control

Timos Altzitzoglou (JRC)
11:30 Results-Performance-Conclusions:
REM ILC

Borbala Maté (JRC)

11:50 Results-Performance-Conclusions:
MetroERM ILC

Timos Altzitzoglou (JRC)

12:15 Discussion

12:45 Lunch

14:00 Radioactivity Air Monitoring
Stefan Neumaier (PTB)

14:30 Contribution by participants —
Short presentations by:

Sven Poul Nielsen (DTU, DK),
Bredo Meller (NRPA, NO),

Tereza Jezkova (SURO, CZ),
Asser Nyander Poulsen (SIS, DK),
Paola Sabatini (ARPA Umbria, IT),
Lidia Silva (C2TN, PT),

Giovanni Ferreri (FOPH, CH),

Michéle Pallmer (Division de la
Radioprotection, LU)

15:45 Coffee break

16:00 Laboratory visit

17:00 End

17:15 Departure to the hotel, Geel
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Contact: Mikael Hult
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mira.van-de-lucht@ec.europa.eu (secretary)
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Basics of gamma-ray

spectrometry and analysis of

air filters

Training - Programme
Friday 8 April 2016

Joint Research Centre
Institute for Reference Materials
and Measurements

Basics of gamma-ray spectrometry and analysis of air filters

JRC-IRMM - 8 April 2016

08:15
08:45
03:00

09:15

03:30

039:45

10:15

10:45

11:15

11:45

12:15

13:45

14:15

Pick up at the hotel, Geel
Arrival at the JRC-IRMM

Welcome and introduction
to the SN3S-unit

Wim Mondelaers

The Radionuclide Metrology Sector
Mikael Hult, JRC

Legislation and BSS: Marc de Cort, JRC
The basic equation for gamma-ray
spectrometry

Mikael Hult, JRC

Coffee break

Full Energy Peak Efficiency
Sean Collins, NPL

Coincidence summing
Tim Vidmar, SCK-CEN

Instrumentation and Low-level gamma-

ray spectrometry
Mikael Hult, JRC

Lunch

Gamma-ray spectrometry of air-filters

Michel Bruggeman, SCK-CEN

Quality System and LIMS
Michel Bruggeman, SCK-CEN

14:45 Aerosol physics

Christina Isaxon, Lund University

15:30 Coffee break

16:00
atmosphere
Johan Camps, SCK-CEN

16:45 Discussion and evaluation

Mikael Hult, JRC
17:.00 End

17:15 Departure to the hotel, Geel
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Annex 4: Responses of the participants to the questionnaire for
collecting information on air filters and sampling

To determine the % ratios in Table A-1 and the subsequent tables, the 67 participants
were taken as 100%.

Table A-1. General information on the 2016 MetroERM ILC participating laboratories.

Question Number of Ratio (%)
answers
"What is the type of your laboratory (more than one choice is possible)?"
Research and development 23 34
Radioactivity in the environment 63 94
Monitoring of nuclear facilities 15 22
Fissile material control or safeguards 2 3
Governmental laboratory 32 48
University laboratory 6 9
Other 2 3
"Is your laboratory certified, accredited or authorised (more than one choice is
possible)?"
Certified (ISO 9000) and Accredited (ISO 17025) 10 15
Certified (ISO 9000) 2 3
Accredited according to ISO 17025 30 45
Authorised 13 19
Table A-2. Air filter size categories.
. . - Number of air Ratio
Size group Size of air filter filters (%)
small @ 4.7-13 cm 29 44
intermediate 18x20-23.5x28 cm 11 17
large 24.6x41-60x70 cm 26 39
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Table A-3. Information on the air sampling methods.

Question Answer
Range Average | Median
Small size group
Total volume of air
sampled/filter (m?) 0.1-14000 1340 127.5
Sampling period (h) 3.5-300 75 24

Sampling frequency

Mostly on daily basis

Intermediate size group

Total volume of air 18-30000 13029 11000
sampled/filter (m®)
Sampling period (h) 2-720 206 168

Sampling frequency

Mostly on a weekly basis

Large size group

Total volume of air
sampled/filter (m?) 600-300000 | 105733 | 100000
Sampling period (h) 84-720 193 168

Sampling frequency

Mostly on a weekly basis

Table A-4. Information on the technical part of the measurements.

Question

Number of
answers

Ratio
(%)

"How many measurements (**’Cs in air filters) does your laboratory
perform per year?"

< 25 9 13
25-100 21 31
> 100 37 55

"Would you like to get the filters spiked with
to optically identify the active spots?"

coloured solution in order

Yes

60

90

No

7

10
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"Specify the requirements for the spiked filters:"

No special requirement 39 58
Pattern 15 22
- requests for homogeneous distribution

Marg-ln 15 22
- active area

Other

- air filter’s side to spike, special folding, 3 4.5

sealed bag/holder requirements

"What type of detector is used routinely for the determination of *’Cs

in air filters?"

Ge(Li) detector 2 3
HPGe detector 58 87
BEGe detector 13 19
Well type detector 1 1.5
NaI(Tl) detector 0 0
Other 0 0

"Do you determine any additional radionuclide(s) besides 3’Cs in the

air filters?"

Yes

63

94

No

4

6
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Annex 5: Type, material, size and form of the air filters used by
the participants

Table A-5. Type, material size and form of air filters used by the participants and as
reported by the participants.

Lab Filter
C a Type and material of the air filter Supplier size
ode
(cm)
1 qotton filters (high-quality cotton Whatman 5 4.7
linters
2 HB5773 Hollingsworth & Vose 11x16
The Filters are made of refined pulp
3 | and linters with over 98% alpha- Sartorius @ 5.5
cellulose content
4 PVC 60x60
) PTI Physik-Technik-
5 Polypropylen filter type G-3 Innovation 44x44
. PTI Physik-Technik-
6 Polypropylen-Filter Typ G-3 Innovation 60x60
glass fibre F&J Specialty Products, Inc a3 4.7
8 Model : No.880052.01-4 micropo @ 10.2
9 | Petrianov Filter FPP-15-1,5 PTI Physik-Technik- 44x44
Innovation
10 | Glass fiber. Model no: FP102M2 F&J Specialty Products, Inc g 10.2
11 | Cellulose Bernard Dumas, France g11.5
Glass Microfibre Filters GF/A NO.
12 1820-866 Whatman 20x25
13 | GF/A glass microfibre filter Whatman 45x56
14 | Petrianov filters type FPP-15-1.5 PTI Physik-Technik- 44x44
Innovation
15 Petrianov FPP 15-1.5, PVC Russian made 44x44
16 | Glass microfiber filters, Grade GF/A Whatman 30x23
17 | Polymer VF, a.s., Cerna Hora, Czech 30x23
Republic
18 | Glass microfibre, type GF/A 55 mm @ Whatman @ 5.5
19 | glass fibre F&J Specialty Products, Inc a 4.7
20 | Petrianova FPP CLOR 40x40
21 | FP-47m , glass fiber filter F&J Specialty Products, Inc a 4.7
PTI Physik-Technik-
22 | Polypropylene Innovation 45x56
Part no. FP2063-47, Hydrophobic . .
23 | borosilicate glass microfibre with UISAQ Environmental Products, a 4.7
acrylic resin binder
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Filter

cLab Type and material of the air filter Supplier size
ode
(cm)
24 AP4004705 - glass fiber filters - with a Millipore 0 4.7
0.7 gym pore size
25 | Polypropylene 3M g 12.7
Innovation
27 | Model NO. FP - 47 F&J Specialty Products, Inc a3 4.7
28 | Whatman GF/A Glassfibre Whatman 45x56
29 | Glass Microfibre Filters GF/A Whatman 20x25
Petrianov fabric FPP-15-1.5
30 | (Postchlorinated Polyvinylchloride PCV 44x44
Fiber)
31 | Whatman Glass Microfiber Filter GF/A | Whatman 45x56
32 | Polypropylene (3M) 40x40
33 | Chlorinated vinyl polychloride filter Sorbent, Russian Federation 44x44
34 | Glass fiber paper MODEL NO. FP-47M F&J Specialty Products, Inc a3 4.7
35 | Filter Paper (Whatman) Whatman a 4.7
36 | Glass Fibre (Circular Plastic Holder) a 4.7
37 | FPM 1545 AS ESFIL TEHNO, Estonia 45x56
onn-15-1,5 (FPP-15-1,5), a layer of
38 uItra-thuj fibers with an average size JSC Sorbent 60x70
of 1.5 microns, deposited on the
gauze
39 | Glass Fibre GF/A (Whatman) Whatman 30x23
40 | glass fiber filters (steel impactors) a3 4.7
41 | Fiberglass TECNASA S.A. 44x44
42 | FP-47m glass fiber filter F&J Specialty Products, Inc @ 4.7
43 | Glass fibre sheets Munktell 20x25
44 | GF/A Cat. No 1820-866 Whatman 20x25
45 | FPP-15 Esfil Tehno AS Sillamae, 87x74
Estonia
) ] PTI Physik-Technik-
46 | Filter, polypropylene; type G3, PTI Innovation 45x56
47 | Glass Fibre Filter GELMAN SCIENCES g 4.7
48 | Petryanov FPP_15_1.5 PTI Physik-Technik- 45x56
Innovation
49 | Petryanov's filters FPP-15-1.5 40x40
50 | 3M polypropylene 3m 45x56
51 | Petrianov filter type FPP-15-1.5 (Russia) 44x44
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Filter

CL:dbe Type and material of the air filter Supplier size

(cm)
52 | GF6 Glass Fiber Filter Whatman 4.7
53 | 0.8 microns, nitrocellulose Millipore 4.7
54 | MODEL FP-4.0 M F&J Specialty Products @ 10.2
55 | PETRIANOV FILTER, FPP-15-1.5 gggfgﬂgﬁigf’ﬁg‘zgﬁfg; 40x40
56 | type FPM 1530 ESFIL TEHNO AS, Estonia 30x23
57 | quartz microfibre filters FILTER -LAB g 10.2
58 | HB5773, Glasfiber Hollingworth 45x56
59 | Whatman Glass Microfiber Filters GF/A | GE Healthcare Life Sciences 45x56
60 | Pads A500 GS, glass fibre Camfil @7.7
61 | EPM 2000 Glass Microfibre Filter nv:iztsToan”e,Irl‘Et:QTaa:L‘f”a' Ltd, | 2ox25
62 | Flat filter paper, SIO2 TRM Filter d.o.o. 30x30
63 | Glass fibre papers Schleicher & Schuell g 4.7
64 E’\&ilg:rr(;]f?l:)d:rl no. FP-4.0M, borosilicate F&J Specialty Products, Inc g 10.2
65 | glas fibre F&J Specialty Products, Inc a 4.7
66 | Glass Fiber Filter GELMAN SCIENCES g 4.7
67 | Glass Fiber Filter F&J Specialty Products, Inc a3 4.7
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Annex 6: Sequence of spiked filters and quality control sources
prepared for the 1026 ENV57/MetroERM ILC exercise

Table A-6. Sequence of spiked filters and quality control sources prepared for the 2016

ENV57/MetroERM ILC exercise.

Lab Sample Source Solution
Code ID Type

IRMM-01 Filter E3
65 Filter_006 Filter E3
19 Filter_023 Filter E3
54 Filter_057 Filter E3
12 Filter_053 Filter E3
PS_020 ont E3
IRMM-02 Filter E4
PS_021 ot E4
53 Filter_041 Filter E2A
52 Filter_019 Filter E2A
42 Filter_051 Filter E2A
18 Filter_055 Filter E2A
IRMM-03 Filter E2A
3 Filter_047 Filter E2A
35 Filter_043 Filter E2A
36 Filter_045 Filter E2A
47 Filter_013 Filter E2A
IRMM-04 Filter E2A
67 Filter_010 Filter E2A
24 Filter_007 Filter E2A
23 Filter_002 Filter E2A
57 Filter_028 Filter E2A
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Lab Sample Source Solution
Code ID Type
66 Filter_011 Filter E2A
21 Filter_029 Filter E2A
40 Filter_067 Filter E2A
7 Filter_026 Filter E2A
34 Filter_020 Filter E2A
IRMM-05 Filter E2A
PS_022 Filter E2A
IRMM-06 Filter El
8 Filter_059 Filter El
27 Filter_064 Filter El
PS_023 Jont E1
25 Filter_012 Filter E4
44 Filter_024 Filter E4
10 Filter_027 Filter E4
29 Filter_015 Filter E4
11 Filter_005 Filter E4
61 Filter_054 Filter E4
IRMM-07 Filter E4
PS_024 ot E4
2 Filter_058 Filter E4
64 Filter_065 Filter E4
49 Filter_004 Filter E5




Lab Sample Source Solution
Code ID Type

62 Filter_066 Filter E5
16 Filter_034 Filter ES
IRMM-08 Filter E5
59 Filter_032 Filter E5
9 Filter_008 Filter E5
PS_025 ot ES
20 Filter_022 Filter E5
32 Filter_001 Filter E5
60 Filter_046 Filter ES
56 Filter_039 Filter E5
48 Filter_025 Filter E5
15 Filter_052 Filter ES
51 Filter_016 Filter ES
46 Filter_017 Filter E5
38 Filter_040 Filter ES5
IRMM-09 Filter E5
31 Filter_063 Filter E4
63 Filter_056 Filter E2A
37 Filter_033 Filter E5
13 Filter_037 Filter E5
55 Filter_049 Filter ES
28 Filter_061 Filter E5
IRMM-10 Filter ES5
5 Filter_042 Filter ES5
43 Filter_031 Filter E5
4 Filter_060 Filter E5
IRMM-11 Filter ES5
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Lab Sample Source Solution
Code ID Type

30 Filter_048 Filter E5
26 Filter_062 Filter E5
45 Filter_021 Filter E5
IRMM-12 Filter E2A
1 Filter_038 Filter E2A
39 Filter_003 Filter E2A
50 Filter_018 Filter E5
22 Filter_036 Filter E5
58 Filter_014 Filter E5
IRMM-14 Filter ES
PS-026 Filter ES
41 Filter_050 Filter E5
17 Filter_030 Filter E5
14 Filter_035 Filter ES
IRMM-15 Filter E5
33 Filter_044 Filter ES
6 Filter_009 Filter E5




Annex 7: Examples of spiked filters
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Annex 8: Quality control filters and sources; measurement results and their deviation from the

reference activity values

Table A-7a. Gamma-ray spectrometric results of the quality control filters; measured values

and the corresponding uncertainties.

Sample_ 137CS 134Cs 1311

(IéaM_ DILUTION | DETECTOR M:cat?“"ir;d Uncertainty M:cat?“,'ir;d Uncertainty M:;?“,‘irtid Uncertainty
01 E3 B 0.540 0.032 0.800 0.036 0.626 0.024
02 E4 B 0.089 0.013 0.200 0.026 0.164 0.012
03 E2A B 0.546 0.038 0.887 0.046 0.442 0.018
04 E2A B 0.484 0.027 0.733 0.031 0.414 0.015
04 E2A B 0.482 0.028 0.736 0.031 0.427 0.017
05 E2A B 0.483 0.034 0.655 0.037 0.369 0.016
06 E1 B 1.935 0.092 2.138 0.080 1.408 0.050
07 E4 A 0.082 0.011 0.145 0.016 0.103 0.024
08 E5 B 0.101 0.011 0.168 0.018 0.121 0.007
09 E5 B 0.141 0.010 0.264 0.019 0.254 0.011
10 E5 B 0.087 0.007 0.176 0.013 0.210 0.009
11 E5 A 0.115 0.012 0.223 0.014 0.200 0.009
12 E2A B 0.380 0.019 0.574 0.022 0.747 0.038
14 E5 B 0.089 0.007 0.185 0.014 0.175 0.011
15 E5 A 0.081 0.008 0.186 0.012 0.126 0.008
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Table A-7b. Gamma-ray spectrometric results of the quality control filters; their relative deviation from the reference values

and their ratio to the reference values.

137CS 134CS 1311
Sample . ivi . ivi .- ivi
_IDp fDewatlofn ‘::I:!I"’]!:)y Uncer- ?ewatlofn ARcIt!I"’II:)y Uncer- fDewatlofn ARCI:!I"’II(t)y Uncer-
(IRMM- erClI:V?te ) (Measured | tainty ern'! Ref. (Measured | tainty rom Ref. (Measured | tainty
##) y to (k=2) ctivity to (k=2) | Activity to (k=2)
(%) (%) (%)
Reference) Reference) Reference)
01 6.1 1.06 0.13 -4.4 0.96 0.09 -47 0.53 0.04
02 -6.0 0.94 0.28 8.4 1.08 0.28 -45 0.55 0.08
03 -1.1 0.99 0.14 -3.7 0.96 0.10 -60 0.40 0.03
04 -6.1 0.94 0.10 -14.7 0.85 0.07 -60 0.40 0.03
04 -6.5 0.94 0.11 -14.4 0.86 0.07 -59 0.41 0.03
05 4.3 1.04 0.15 -15.2 0.85 0.10 -60 0.40 0.03
06 3.8 1.04 0.10 -3.7 0.96 0.07 -55 0.45 0.03
07 -5.5 0.94 0.26 -14.7 0.85 0.19 -62 0.38 0.17
08 25.2 1.25 0.27 -0.8 0.99 0.22 -55 0.45 0.05
09 8.6 1.09 0.15 -3.4 0.97 0.14 -42 0.58 0.05
10 12.2 1.12 0.19 8.3 1.08 0.16 -20 0.80 0.07
11 10.4 1.10 0.24 1.0 1.01 0.13 -44 0.56 0.05
12 -16.5 0.84 0.08 -24.5 0.75 0.06 -18 0.82 0.08
14 5.2 1.05 0.16 3.7 1.04 0.16 -39 0.61 0.07
15 -0.3 1.00 0.21 8.8 1.09 0.14 -54 0.46 0.06
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Table A-8a. Gamma-ray spectrometric results of the quality control point sources; measured values

and the corresponding uncertainties.

137¢cg 34cg 1317

Sample_
ID DILUTION | DETECTOR M:(?t?‘l"'i:id Uncertainty M:;?:i:?,d Uncertainty M::t?\l:il;?/d Uncertainty
(PS_##) (Bq) (Bq) (k=1) (Bq) (Bq) (k=1) (Bq) (Bq) (k=1)
15 D1 A 30.9 1.1 37.0 1.3 24.2 0.9
15 D1 B 31.0 1.4 33.5 1.2 24.1 0.9
16 D3 B 1.40 0.07 2.13 0.08 2.30 0.09
17 D4 A 0.23 0.02 0.45 0.03 0.53 0.03
18 D5 B 0.36 0.03 0.69 0.04 0.94 0.05
19 D2A A 1.93 0.08 3.42 0.13 2.23 0.09
20 E3 B 0.64 0.04 0.95 0.04 0.77 0.03
21 E4 A 0.11 0.01 0.20 0.02 0.19 0.01
22 E2A A 0.65 0.03 1.05 0.05 0.59 0.03
23 El B 1.41 0.07 1.58 0.06 0.83 0.04
24 E4 B 0.18 0.01 0.14 0.02 0.12 0.01
25 E5 B 0.058 0.006 0.12 0.02 0.12 0.01
26 E5 A 0.063 0.010 0.13 0.01 0.15 0.01
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Table A-8b. Gamma-ray spectrometric results of the quality control point sources; their relative deviation from the reference values

and their ratio to the reference values.

137¢g 134cg 131y

Sample . Activit . Activit . Activit
_ID | Deviation RATIO | Uncer- poviation RATIO | Uncer- Deviation RATIO | Uncer-

(PS_# Activit * | (Measured tainty Activit * | (Measured tainty Activit * | (Measured tainty
#) y to (k=2) ctivity to (k=2) ctivity to (k=2)

(%) (%) (%)
Reference) Reference) Reference)

15 0.33 1.00 0.07 1.1 1.01 0.07 -53 0.47 0.03
15 0.7 1.01 0.09 -8.4 0.92 0.07 -54 0.46 0.03
16 1.45 1.01 0.10 -6.1 0.94 0.07 -28 0.72 0.05
17 5.8 1.06 0.18 6.9 1.07 0.13 -22 0.78 0.08
18 4.4 1.04 0.15 -4.5 0.95 0.10 -19 0.81 0.08
19 -3.5 0.97 0.08 2.4 1.02 0.08 -45 0.55 0.04
20 -5.6 0.94 0.10 -14.6 0.85 0.07 -51 0.49 0.04
21 4.4 1.04 0.22 0.8 1.01 0.15 -41 0.59 0.08
22 -5.25 0.95 0.09 -8.9 0.91 0.08 -57 0.43 0.04
23 -1.5 0.98 0.10 -7.3 0.93 0.07 -66 0.34 0.03
24 2.3 1.02 0.19 -34 0.66 0.17 -64 0.36 0.06
25 16.0 1.16 0.24 16.3 1.16 0.34 -28 0.72 0.11
26 13.8 1.14 0.35 11.6 1.12 0.22 -21 0.79 0.10
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Fig. A-1. Ratio of measured-to-reference activity and expanded uncertainty (k=2) of the
quality control filters prepared from the '*’Cs, 3*Cs and 3!I dilutions used for spiking
the air filters. The blue diamond symbol is used for results obtained with Detector A and
the red diamond symbol for those obtained with Detector B. The solid blue line is the
Reference value (unity), the blue dashed lines designate the £20% range and the red

dashed lines the £33% range.
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Fig. A-2. Ratio of measured-to-reference activity and expanded uncertainty (k=2) of the
quality control point sources prepared from the **Cs, '**Cs and *3'I dilutions used for
spiking the air filters. The blue diamond symbol is used for results obtained with
Detector A and the red diamond symbol for those obtained with Detector B. The solid
blue line is the Reference value (unity), the blue dashed lines designate the £20% range
and the red dashed lines the £33% range.
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Acquisition time and measurement cycles

Questions/Response | Acquisition time | Measurement | Count rate for | Count rate for the 605-KeV | Count rate for the 364-KeV
table (sec) cycles Cs-137 peak (counts/ | Cs-134 peak(counts/sec) I-131 peak (counts/sec)
sec)
Sample
Background/blank

Coincidence summing correction factors

Questions/Response table

Coincidence summing correction factor

Cs-134 (604.7 KeV)

Cs-134 (795.9 KeV)

1131 (364.5 KeV)

1131 (637.0 KeV)

Detection limit

- Page 7 of 10 -

Questions/Response table

Detection limit (Bg)

Cs-137

Cs-134

I-131

Half-lives and gamma-ray emission intensities

Questions/Response table

Half-life used (days)

Gamma-ray emission intensity used (in %)

Cs-137 (661.7 KeV)

Cs-134 (604.7 KeV)

Cs-134 (795.9 KeV)

1-131 (364.5 KeV)

1-131(637.0 KeV)

Measurements period

Questions/Response table

Start dare

End date

Measurements period

-Page 8 of 10 -
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Uncertainty budget

The combined relative standard uncertainty (i.e. the quadratic sum of the uncertainty components) should be the same as the standard uncertainty reported
with your results.

Questions/Response table

Relative uncertainty component

(%) - Cs-137

Relative uncertainty component

(%) - Cs-134

Relative uncertainty
component (%) - I-131

Counting statistics

Blank/background measurement

Efficiency calibration (including the activity of the
calibratuion source)

Chemical yield (if applicable)

Self-absorption in the source

Activity of the calibration source

Decay correction

Other 1

Other 2

Other 3

Combined relative standard uncertainty (quadratic
sum of the components)

- Page 9 0f 10 -

- Page 10 of 10 -
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Annex 10: Responses to the second questionnaire accompanying

the reporting form

To determine the ratios, the 67 participants were taken as 100%.

Table A-9. Treatment of spiked air filters before measurement by the participants and
equipment used for the measurement of the spiked air filters.

Question

Number of answers

Ratio (%)

"Were the comparison sample treated according to the same analytical procedure as

routinely used in your laboratory for the same type of samples?"

Yes 62 92.5
No 5 7.5
"Did you measure the sample together with the plastic foil or did you measure the foil
separately?"
Together 33 49
Separately 26 39
The plastic foil was not measured 8 12
"Did you apply any pre-concentration or chemical treatment?"
Yes 0 0
No 67 100

"Which type of detector was used for the determination of *’Cs in the air filter?"

Ge(Li) detector 2 3
HPGe detector 58 87
BEGe detector 13 19
Well type detector 1 1.5
NaI(Tl) detector 0 0
Other 0 0
"What type of electronics and data acquisition was used?"
a) Analog signal processing (spectroscopy
amplifier, etc.) 19 21
b) Digital signal processing 72 79
c) Other 0 0
Use of recommended half-lives
Yes 59 88
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No 8 12

Coincidence summing correction applied

Yes 48 72

No 19 28

Decay during measurement correction applied (for *I)

Yes 48 72

No 19 28
Table A-10. Measurement parameters; acquisition time, count rates, MDA.

Minimum | Maximum Mean Median

Measurement time of sample (h) 1 233 53.0 47.9
Count rate for 3’Cs peak in sample (cps) 0.0011 0.153 0.0176 | 0.0132
Count rate for the 605 keV 3%Cs peak (cps) 0.0015 0.174 0.0267 | 0.0264
Count rate for the 364 keV 3!1 peak (cps) 0 0.314 0.0347 | 0.0209
Measurement time of background (h) 15 333 80.8 63.0
Count rate for 3’Cs peak in background (cps) 0 0.124 0.0032 -
Coupt ot o e €05 e s pei o | ot | ooom | -
Cout ot o e 364 ke T peki o | 0w | oo | -
MDA for 3’Cs (Bq) 0.003 0.12 0.039 0.029
MDA for 13*Cs (Bq) 0.002 0.53 0.046 0.025
MDA for 131 (Bq) 0.0002 0.50 0.051 | 0.025
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Annex 11: Coincidence summing correction factors as applied by
the participants

Table A-11. Coincidence summing correction factors as applied and reported by the

participants.

Lab 134CS 1311
Code
604.7 keV | 795.9 keV | 364.5 keV | 637.0 keV
n.a.- n.a.- n.a.- n.a.-
1 software software software software
determined | determined | determined | determined
2
3 1.02 1.018
4
5 1.15 1.15
6 0.867 0.864 1.005 1
7 0.823 0.817 1.01 1
8
9 0.801 0.799 1 not used
10 0.76532 0.76795 1 not used
11 1.17 1.168 0.997 0.999
12 0.788 0.787 free free
13 1.22 1.23 1 1
14 0.76497 0.76133 1.0092 1.0017
15
16 by software | by software | by software | by software
17 1.137 1.138
18 0.899 0.898 1.004
19 0.818 0.815
20 1.25 1.25 1 1
21 0.795 0.789 1.01 free
22
23 0.87 0.87 1.01 1
24 1.269 1.267 0.995 0.998
25 0.78363 0.78101 1.0097 1
26 0.851 0.85 1.003 free
27
28
29 0.939 0.928 1.009
30
31 1.118 1.117
32 1.277 1
33 0.87175 0.87174 1
34 0.0825 0.821
35
36
37 1.14 1.14 0.998 0.999
38
39 0.947 0.946 1.002

131




Lab 134Cs 1311
Code | 604.7 Kk
.7 keV 795.9 keV 364.5 keV | 637.0 keV

40
41
42 0.828 0.825 1 free
43 1.07 1.14 0.97 1.08
44 0.79499 0.79405 1.0092

45 NA 0.93 0.97 NA
46 0.901 0.9 1.003 1
47 1.18 1.2 1

48 0.87 0.869 1.004 1
49
50
51
52 0.712 0.692 1
53
54
55
56
57
58 1.24 1.24 1 1
59 0.849 0,848 1

60 1.299 1.303 0.99 1
61

62 1.279 1.279 0.988 0.995
63 1.35 1.35 1 1
64 1.252 1.249 0.995

65 0.863 0,859

66 1.18 1.2 1

67 1.197 1.199 0.991

Note: The coincidence summing correction factors in the table above are given as
reported by the participants. As there is net summing in for the '3*Cs peaks and
summing out for the *3'I, the correction factors should be >1 for the two **Cs peaks and
<1 for the two *'I peaks. It is possible that some participants reported the reciprocal of
the correction factor.
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Annex 12: Uncertainty budget as reported by the participating laboratories

Table A-12. Detailed uncertainty budget table showing the uncertainty components as reported by the participating laboratories, for all
three radionuclides. In column 13 the combined relative uncertainty as reported by the participants is given. For comparison, in column
15 the combined relative uncertainty calculated as square root of the quadratic sum of the uncertainty components given in the table is
given. Finally, in column 16 the combined relative uncertainty as calculated from the uncertainty accompanying the results is given.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
c ~
4 e K] 9 = £ P v L 9 @
'.E gu Yoo - < - o 2 6 > S £ »e =2 s B
7] o< LS 3 TA ) £ 3 = ®_> 5] o3 €5
() = L0 |g¥wol S0 29 = o 3] EgE © s 3 6 ™ c. €
° ) I} oE = ow 0 23 BT w 0 7} - N m [ = £ i) oL &
] 2 o Xg |megoeg|l >7 a3 o L = = . - 68'% X vTELu | &L S5 e
o S 2 L |95 >6| =0 69 >0 o o o Q@ | BTg S 2E® | ©vs B E
a 5 o 83 |>3£35 §= @ £ 0 = = £ vEg 0 - Q9 £s 9
] Z £ ] O=55 =2 Q0 >® > o) o) o SS 0 £ R wt mOc
n S S8 |€S5® Eo © £ S = & S0c 5 SR 25 s~ 2
c c 0 Eco L a® ] 09 [} £ 3 o =0 3 2 Q x 2
3 sE |gSegl 2 3 <= 3 5 Q 885 | Lo w £
o ) E 8 o (7] o (o] [~ S ]
o1
- (reproducibility,
1 Cs-137 26.4 n.d. 1.20 n.d. n.d. 4 n.d. 2.5 8 28 2 28.0 26.5 stability, weight of
multigamma
1 | Cs-134 | 17.1 n.d. 1.20 n.d. n.d. 4 n.d. 2.5 8 19.5 2 19.5 16.7 | source)+ 02
(other software
1 I-131 16.8 n.d. 1.20 n.d. n.d. 4 n.d. 2.5 8 19.2 2 19.2 14,3 | calculation, not
explicit)
We do not, as of
yet, report the
individual
contribution of
factors to the unc
2 Cs-137 see 4,1 1 0.0 7.7 budget. Instead,
we have a
generously set
value for random
uncertainties,
which includes
2 Cs-134 see 4,1 1 0.0 7.2 factors such as
sample weight.
I-131 see 4,1 1 0.0 8.0 This value is 5 %.
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The uncertainties
relating to the bac
3 Cs-137 5.053 2 5.1 10.9
3 Cs-134 2.893 2 2.9 10.7
3 I-131 4.052 2 4.1 9.4
4 Cs-137 100 1 100.0 10.0
4 Cs-134 100 1 100.0 2.9
4 I-131 100 1 100.0 66.0
5 Cs-137 4 1.1 0.96 5.95 2 4.3 11.9
5 Cs-134 3.2 1 3.95 2 3.4 7.9
5 I1-131 2.1 4.3 5.2 2 4.8 10.4
6 Cs-137 7.3 2.35 1.2 3 3.4 9 1.65 9.0 9.6
6 | Cs-134 | 6.1 2.35 1.2 3 3.4 8 1.65 8.0 g1 | sample
preparation
6 I1-131 8.5 2.35 1.2 3 3.4 10 1.65 10.0 9.9
7 Cs-137 2.1 7 5 1 1 0.24 1 0 8.91 1 9.0 8.9 1-inhomogeneity,
2-random error, 3-
7 Cs-134 1.3 0.24 6.06 1 6.1 6.0 true coincidence
ti fact
7 | 1-131 2.7 2 024 | 2 6.95 1 7.0 7.1 | correctiontactor
8 Cs-137 2 0.0 11.3
8 Cs-134 2 0.0 11.8
8 I-131 2 0.0 11.3
9 Cs-137 6 2 5 5 3 1 5 2 11.4 2 11.4 12.5 Sample
preparation; peak
Cs-134 4 1 10.4 10.4 104 | area determination
9 I-131 4 1 10.1 10.4 10.5
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10 | Cs-137 | 2.5 0 3.18 0 0 0.95 | 0.00021 | 9990 | 127 | 3 4.9 2 5.3 10.3 | (1) Correction
0092 factor during
counting period,
_ 0.000 (2) Repeatability
10 Cs-134 1.7 0 3.24 0 0 0.95 0.0015 65 1.27 3 4.6 2 5.0 9.3 (Equipment) (3)
10 | 11131 | 56 0 3.61 0 0 168 | 0021 | %98 1127 3 7.3 2 7.6 15.4 | Reproducibility
positioning of the
) sample; summing
11 Cs-137 7.16 2 3 1 2 0.27 3.7 2 0.2 9.3 2 9.3 18.2 correction;
combination
11 | Cs-134 | 2.1 0 4 1 2 0.024 4.5 2 | o0.2 7 7.0 15.6 | (diameter; sample
density; sample
11 | I-131 0.0 13.6 | composition)
Otherl=unc. on
6.7 decay constant;
12 | Cs-137 | 1.87 1.25 0.27 | 0.02 | 7 7.20 1 7.1 7.2 | Other2=unc. on
emission yield;
Other3=repeatabili
_ 6.7 ty(4+summing
12 Cs-134 1.61 1.94 0.02 0.23 0 7.20 1 7.2 12.1 correction for Cs-
12 | 1-131 1 0.0 6.0 | 134)
13 | Cs-137 2 0.0 8.0
13 Cs-134 2 0.0 8.0
13 I-131 2 0.0 8.6
Other 1: Gamma
14 | Cs-137 | 2.53 0 0.89 0 0 0 0 0 0 0 2.6 1 2.7 2.6 | €mission
probability. Other
2: Coincidence
14 Cs-134 1.37 0 0.9 0 0 0 0 0.2 1 2.1 2.83 1 2.9 2.8 summing. Other 3:
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14 | 1131 | 0.88 0 1.43 0 0 0 0 025 | 1 1 2.22 1 2.2 2.2 Z\‘;gﬁJaAti‘;”ncerta'”ty
15 | Cs-137 | 3.78 19.4 1 19.8 8.6
15 | Cs-134 | 2.45 1 2.5 7.4
15 | 1-131 1.31 1 1.3 7.6
16 | Cs-137 | 5.17 - 3.65 - - - 0.099 - - - 6.33 2 6.3 12.7
16 | Cs-134 | 2.42 - 3.65 - - - 0.242 - - - 4.39 2 4.4 8.8
16 | 1-131 6.88 - 8.75 - - - 0.037 - - - 11.13 2 11.1 22.3
17 | Cs-137 3.7 0 1.2 0.2 5 6.3 1 6.3 8.0 | 1 - unhomogenity.
2 - summing
17 | Cs-134 1.4 0 1.2 0.2 0.3 5.2 1 5.3 5.5 | correction
17 | 1-131 1 0 1.2 0.2 2 5.6 1 5.6 6.2
18 | Cs-137 7.3 X 8.5 1 7.3 8.5 Uncertainty is
combined by
18 | Cs-134 7.3 X 5 1 7.3 5.0 | Genie2000, budget
18 | 1-131 9.3 10.2 1 9.3 10.2 | Mot specified.
1-Self absorption
19 | Cs-137 2.6 4 1 1 3 5.81 1 5.8 58 | in the sample; 2-
Radioactivity
19 | Cs-134 1.8 4 1.5 1 5.61 1 5.6 5.6 | distribution on the
19 | 1-131 2.6 4 2 1 6.06 1 6.1 5.7 | filter
20 | Cs-137 80 5 0 0.02 2 80.6 9.1
20 | Cs-134 80 5 0 0.05 2 80.6 8.5
20 | I-131 70 5 10 0.09 2 71.4 8.7
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Other
1=INHOMOGENEIT

21 Cs-137 2.12 0 5 0 1 0 1 0.24 1 0 5.71 1 5.7 5.7 Y; Other
2=RANDAOM
ERROR; Other
3=TRUE

21 | Cs-134 | 1.97 0 5 0 2 0 1 024 | 1 2 6.24 1 6.2 6.2 | COINCIDENCE
CORRECTION

21 I1-131 2.79 0 5 0 2 0 2 0.24 2 2 6.99 1 7.0 6.9 FACTOR
Generic 7%

22 Cs-137 7 1 7.0 8.3 uncertainty added
to uncertainties
from weighted

22 | Cs-134 7 1 7.0 7.5 averages across 3

22 I-131 1 7.0 7.3 detectors

23 Cs-137 2 0.0 6.7

23 | Cs-134 2 0.0 10.0

23 I-131 2 0.0 10.5

24 Cs-137 7.9 2 0.0 7.9

24 Cs-134 5.2 2 0.0 5.3

24 I-131 23.8 2 0.0 24.6

25 Cs-137 5.36 0 20 0 0 3 0 0.5 0 0 20.81 2 20.9 20.6

25 Cs-134 3.77 20 3 2 20.45 2 20.7 20.4 emission intensity

25 I-131 2.64 20 3 1.25 20.29 2 20.4 20.3

26 Cs-137 6 5 2.89 14 2 9.7 19.6 combined

26 Cs-134 6 5 2.89 14 2 9.7 19.6 operational

26 | 1-131 6 5 2.89 14 2 9.7 17.9 | uncertainty

27 Cs-137 1171 2 0.0 2.3
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27 Cs-134 1153 2 0.0 2.3
27 I1-131 3781 2 0.0 2.2
Correction for
28 Cs-137 10 5 2 2 11.4 26.0 density and fill
height
28 Cs-134 10 5 2 2 11.4 18.0
28 I1-131 10 5 2 2 11.4 22.6
29 Cs-137 6.81 2.32 1.2 3 3.4 8.59 1.65 8.5 8.6 )
29 | Cs-134 | 5.32 2.32 1.2 3 3.4 7.46 1.65 7.4 7.4 ﬁ;i%?irnag'm and
29 1-131 30.98 2.79 2.2 3 3.4 31.51 1.65 31.4 12.4
30 Cs-137 2.8 2.02 2 3.5 2.8
30 Cs-134 1.61 2.01 2 2.6 1.6
30 I-131 2.28 3.03 2 3.8 2.3
31 Cs-137 3 2.5 4 2.5 5.9 2 5.6 5.8
31 Cs-134 1.9 2.5 4 1.5 5 2 5.1 4.9
31 I-131 2.5 2.5 4 1.8 6.2 2 5.3 6.1
coincidence
1.20 calculation /
32 Cs-137 % 0 1.5 3 3 3 3 2 6.2 16.7 efficiency transfer
gespecor /
32 | Cs-134 0.8 1.4 6.2 16.7 Zystimatlc bias
ue to
32 1-131 0.5 0 1.4 3 3 6.2 14.1 | compression
33 Cs-137 3.65 3.301 0.24 0.13 1.6 0.2 5.2 2 5.2 10.8 Geometry
Repeatability,
33 Cs-134 2.19 4.32 0.35 0.13 1.6 0.2 5.1 5.1 10.1 VO';.TIT_TG& system
33| 1131 | 2.22 3.53 0.74 013 | 1.6 | 02| 45 4.5 9.0 | Stability, Tec error
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the inhomogeneity
34 Cs-137 4 6 1.2 0.2 5 4 9.72 1 9.6 9.8 of the sample and
approximating a
34 | Cs-134 | 4.2 6 1. 0.39 4 9.81 1 9.7 9.9 | circular shape for
the active spots
34 1-131 4.4 7 1. 1 4 10.76 1 10.5 10.3
Other 1:
Uncertainty budget
35 Cs-137 0 8 19 20 2 20.6 40.9 without intra-
reproducibility;
35 | Cs-134 6 19 20 2 19.9 60.1 | Other 2: Intra-
reproducibility for
35 | 1-131 7 19 20 2 20.2 40.3 | this geometry
36 | Cs-137 8.23 0 3.16 0 3 0.5 5 0 0 10.58 2 10.1 7.3
36 | Cs-134 4.21 0 3.16 0 3 0.1 5 0 0 7.85 2 7.3 6.4 Systematic errors
36 1-131 21.27 0 3.16 0 3 0.1 5 0 0 22.28 2 22.1 12.1
37 Cs-137 4.42 0 6 0 7.5 2 7.5 8.6 Coincidence
summing
37 Cs-134 3.92 0 6 7.4 7.4 8.0 correctipn
37 | 1131 | 1.79 0 6 6.3 6.3 6.3 | uncertainty
Other 1: the
38 Cs-137 3.43 6.61 3.54 1.51 5 7.84 1 9.6 7.9 sample
homogeneity,
Other 2: the
38 | Cs-134 | 2.33 6.14 3.54 1.51 6.87 1 9.0 6.8 | activity left on a
38 I-131 1.56 4.63 3.54 1.51 7 9.59 1 10.5 9.7 groundwork
39 | Cs-137 X 1 0.0 10.0 | uncertainty budget

put in edit and
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39 | Cs-134 X 0.0 3.9 calculated by
Genie analysis
39 | I-131 X 1 0.0 25.0 | software
40 Cs-137 9 2 9.0 8.8 The calculations
were performed
40 Cs-134 7 2 7.0 6.7 u_sil_wg Gamma
40 | 1-131 15 2 15.0 | 16.0 | Vision Software
41 Cs-137 2.68 2 1.0 2.7
41 Cs-134 2.16 2 2.0 2.2
41 I1-131 2 1.51 2 2.0 1.5
Other
1=INHOMOGENEIT
42 | Cs-137 | 2.08 0 5 0 - 0 1 0.24 1 0 5.69 1 5.6 5.7 | Y; Other
2=RANDAOM
ERROR; Other
3=TRUE
42 | Cs-134 | 1.54 0 5 0 - 0 1 024 | 1 2 6.12 1 5.8 6.2 | COINCIDENCE
CORRECTION
42 I-131 5.21 0 5 0 - 0 2 0.24 2 2 8.26 1 8.0 8.0 FACTOR
43 Cs-137 11.45 - 2.08 - 1 1.6 - 5 - - 12.77 2 12.8 15.4
Error of
43 Cs-134 5.85 - 2.11 - 1 - - 5 - - 7.98 2 8.0 11.7 repeatability
43 1-131 32.97 - 1.66 - 1 - - 5 - - 33.39 2 33.4 30.8
44 Cs-137 6.4 113 1.75 NA 1 3.3 7.5 2 113.2 16.7
44 Cs-134 4.2 69.6 1.75 NA 1 4.1 6.2 2 69.9 12.2 repeatability
44 I-131 12.4 54 1.75 NA 1 6.7 14.2 2 55.8 30.4
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1. coincidence

summing; 2.

45 Cs-137 3.29 NA 1.3 NA 1 3.68 1 3.7 3.7 efficiency curve
interpolation; 3.
sample fitting to

45 Cs-134 2.57 NA 1.5 NA 1.8 1.2 3.82 1 3.8 3.8 the standard

45 | 1-131 1.4 NA 1.5 NA 0.03 1.5 1.2 | 1 2.99 1 3.0 3.2 | 9eometry

46 Cs-137 4.41 10 10.2 14.8 1 14.9 16.7 Other 1: Folding
and positioning of

46 | Cs-134 | 2.53 10 10.2 14.5 1 14.5 15.6 | the filter on the
detector

46 I-131 3.88 10 10.2 14.9 1 14.8 14.6

47 Cs-137 1.7 0.5 - 5 5.3 1 5.3 5.4 geometry factor,
coincidence

47 | Cs-134 | 1.6 0.5 - 7.2 8.9 1 8.9 8.9 | correction

47 I-131 5.5 2.1 - 7.7 1 7.7 7.7

48 Cs-137 2.827 - 1.17 - 1.17 1.67E-05 1.71 0'523 1.2 3.89 1 3.9 4.7
systematic, yield,

48 | Cs-134 | 1.645 - 2.12 - 1.17 | 0.00061 | 1.71 | 998 | 12| 36 1 3.6 3.3 | monte carlo

2 corrections

48 | 1-131 0'?583 - 1.6846 - 117 | 0.0021 | 1.71 O'gl 12| 3.5 1 3.1 3.5

not
49 Cs-137 6.02 applicabl 6.02 2 6.0 6.3
e
49 Cs-134 3.8 3.8 3.8 3.5
49 I-131 5.2 5.2 5.2 5.2
in not includ included
50 Cs-137 2.4 countin 2.4 applica 0 ed in in result 3.4 1 3.4 3.4
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statistic ncy
s
50 | Cs-134 0 1 0.0 4.6
50 I-131 0 1 0.0 5.4
51 | Cs-137 | 2.103 4.677 1.3264 0 1.43 0.26 0 0 0 5.487 1 5.5 3.0
51 | Cs-134 | 1.494 0 1.5172 0 1.43 0.07 0 0 0 2.565 1 2.6 5.5
51 I-131 1.156 0 2.7404 0 2.04 0.02 0 0 0 3.607 1 3.6 3.5
Other 1: Additional
52 | Cs-137 2.35 5.49 2.27 2 0.58 6.33 2 6.7 12.5 random
uncertainty; Other
1: Additional
52 | Cs-134 7.17 5.49 2.27 2 0.58 9.27 2 9.5 11.9 | systematic
52 I-131 2 0.0 18.1 | uncertainty
53 | Cs-137 | 91.44 8.66 2 91.8 9.3
53 | Cs-134 | 91.44 8.66 2 91.8 8.5
53 I-131 91.44 8.66 2 91.8 21.3
54 | Cs-137 4.5 2.3 2.8 5.8 1 5.8 2.5
54 | Cs-134 4.5 2.3 2.8 5.8 1 5.8 2.5
54 I-131 4.5 2.3 2.8 5.8 1 5.8 5.8
55 | Cs-137 2.9 0.5 3.5 0.1 3.4 0.2 5.7 2 5.7 8.0
55 | Cs-134 1.7 0 3.5 0.1 3.4 0.2 5.2 2 5.2 8.3
55 I1-131 4.7 0.5 3.4 0.1 5.9 2 5.9 7.9
56 Cs-137 2 13.2 2 1.4 0.15 13.6 1 13.6 7.7 Gamma-ray
56 Cs-134 1.2 0 10 0.1 10 1 10.1 6.4 emission intensity
56 | I1-131 | 0.94 0 10 1 10 1 10.1 6.6 | used
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57 Cs-137 6.99 3 0.24 7.62 7.6 7.6 Gamma photons
57 Cs-134 24.12 3 0.08 24.3 2 24.3 24.3 emission
57 I-131 2 0.0 0.0 probability
Relative
positioning
difference between
calibration source
and sample, decay
58 Cs-137 2.7 0 1.4 0.5 1 3.1 2.9 correction uncert.
added by
Genie2000, eff.
calib. uncertainty
1.4% due to
differences in
58 | Cs-134 1.4 0 1.4 0.5 1 2.0 1.4 calibration source
and sample, in
addition to the
58 I-131 1.2 0 1.4 0 0.5 1 1.9 2.2 uncertainty in the
efficiency curve ca
59 Cs-137 4.1 3.7 5.52 1 5.5 5.5
59 Cs-134 2 3.9 4.4 1 4.4 4.5
59 I-131 4.3 4.24 6.04 1 6.0 6.8
60 Cs-137 5.3 1 0.0 6.1
60 Cs-134 2.6 1 0.0 2.8
60 1-131 2.7 1 0.0 2.7
61 Cs-137 14.61 1 0.0 14.6
61 Cs-134 9.53 1 0.0 9.5
61 I-131 5.86 1 0.0 5.9
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Other 1 =
Inhomogeneity.
Self absorption
uncertainty
62 | Cs-137 | 2.92 22 5.6 2.5 1 6.4 1 23.0 2.9 | contribution is
included in
Efficiency
calibration
uncertainty.
Sample was
62 | Cs-134 | 1.36 2.86 2.5 1 4 1 4.2 3.1 | measured on
several
spectometers, the
62 | 1-131 | 2.4 5.35 2.5 1 6.4 1 6.5 4.1 | uncertainty budget
is given for one
measurement
only.
63 Cs-137 4.174 1.192 2.3 9.92 2 5.8 9.9 other 1 is budget
63 Cs-134 3.195 1.192 2.3 9.18 2 5.1 9.2 about
63 | I-131 26 1.192 2.3 28.6 2 26.3 57.2 | inhomogeneity
64 Cs-137 3.7 4.5 8.4 1 8.4 8.7
64 Cs-134 5 2 5.5 7.7 1 7.7 7.7
64 1-131 5.4 3.7 4.5 7.9 1 7.9 7.9
65 Cs-137 3.2 4 1 2.5 5.78 1 5.8 5.8 distribution of
blank filters
65 | Cs-134 | 24 4 1.5 2.5 5.5 1 5.5 5.4 | spiked, is random
65 I-131 3.4 4 2 2.5 6.14 1 6.1 6.1
66 | Cs-137 | 1.9 0 0.5 0.8 0.2 4.6 5 1 5.1 5.3 | 9eometry factor,

coincidence
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