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Abstract:  The Scientific Committee of the ICRM decided, for the 2011 Conference, to present laboratories that are at a key developmental stage in establishing, expanding or applying radionuclide metrology capabilities.  The expansion of radionuclide metrology capabilities is crucial to meet evolving and emerging needs in health care, environmental monitoring, and nuclear energy.  Five laboratories (from Greece, Lithuania, Indonesia, Norway and Turkey) agreed to participate.  Each laboratory is briefly introduced, and examples of their capabilities and standardization activities are discussed.
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1.   Introduction:  
The concept behind the International Committee for Radionuclide Metrology (ICRM) was suggested during the 1972 Herceg Novi Summer School on Radionuclide Metrology as a mechanism to “bring together specialists in the field of Nuclear Metrology and adjacent disciplines in order to review and intensively discuss their present status and possible future development” (Proceedings, 1973). The follow-up meeting (Paris 1974) formalized this effort, and the ICRM was established to facilitate interactions and cooperation among the international community of radionuclide metrologists and to further the use of metrology in the variety of applications where radioactivity measurements play a key role. Every two years, the community gathers to discuss and disseminate information on advances in this specialized field of metrology as well as to explore opportunities for collaboration, cooperation and future activities.  In preparation for, and during, the biennial plenary meeting in Bratislava, Slovakia (September 2009), it became apparent to the Scientific Committee that several laboratories, while not yet very active in ICRM activities, were nevertheless expanding their efforts in radionuclide metrology.  In planning for the 18th (2011) “International Conference on Radionuclide Metrology and its Applications,” hosted by the National Metrology Institute of Japan, Advanced Industrial Science and Technology in Tsukuba, the Committee considered the abstracts submitted for presentation, and noted those submitted by laboratories which had either not previously participated in an ICRM plenary meeting or which were otherwise at a key developmental stage in establishing or applying radionuclide metrology capabilities.  

A laboratory’s decision to establish or expand capabilities in radioactivity measurements can be a complicated one, with implications for resource utilization (specialized analytical equipment can be expensive or difficult to acquire, staff with relevant technical expertise may not be available, etc.) as well as regulatory and safety concerns.  However, a complex and varied user community necessitates an expansion of the metrological community.  Radioactivity measurements supporting health care are complicated by source impurities and often very short half-lives; extremely low level measurements for environmental monitoring are confounded by spurious contributions from the ever-present radioactive background; and waste management from the nuclear power industry (including from plant decommissioning) requires measurements in complicated matrices and systems.

Of the several laboratories which had submitted abstracts for the 2011 Conference and which were invited to contribute in this effort, five [the National Technical University of Athens (Greece), the Center for Physical Sciences and Technology (Lithuania), the Center for Technology of Radiation Safety and Metrology – National Nuclear Energy Agency (Indonesia), the Norwegian Radiation Protection Authority (Norway) and the Turkish Atomic Energy Authority-Sarayköy Nuclear Research and Training Center (TAEK-SANAEM)] agreed to participate.  Co-authors were asked to present a brief summary of the respective laboratory and its capabilities in radionuclide metrology and absolute standardization, as well as to cover possible future plans in the field, but not to include the work to be reflected in the Proceedings of the Conference itself (see papers 04, 77, 79, 81, 85, 86, 107, 111, 112 and 113); authors represent their respective participating laboratories. This approach presents an opportunity for the ICRM to meet its goal to widen the metrological infrastructure supporting radioactivity measurements and their applications by expanding participation in the field.

2.   Laboratories:
2.1.   National Technical University of Athens (NTUA)	
The Nuclear Engineering Laboratory (NEL) is part of the Nuclear Engineering Department of NTUA, under the School of Mechanical Engineering in Athens, Greece. The Department focuses on education and research in the fields of nuclear engineering (mainly thermal hydraulics of nuclear reactors) and radioactivity metrology. In the field of radioactivity metrology, several techniques are being used and the instrumentation available is in many cases state of the art.  The NEL-NTUA is also a member of the IAEA ALMERA Network, and systematically participates in ALMERA intercomparisons and proficiency tests as part of its QA/QC program.  In addition, the lab is a member of the ICRM Gamma Spectrometry Working Group and has regularly participated in a variety of international comparisons, the results of which have been presented at previous ICRM meetings. Besides radioactivity measurements, the NEL-NTUA is active in the field of nuclear related analytical techniques, applying x-ray fluorescence (XRF) and instrumental neutron activation analysis (INAA) for the determination of trace elements in environmental samples. Current research in the field is focused on the improvement of detection limits and the determination of trace elements on size-fractionated fly ash (Peppas et al., 2010). 
2.2.   Center for Physical Sciences and Technology (CPST)	
The newly established ionizing radiation metrology laboratory of the CPST in Vilnius, Lithuania, maintains national standards in the field of radionuclide activity measurements, ensures metrological traceability, and provides calibration and verification services for a variety of users. It also deals with radioactive waste management as well as with the various applications of environmental radioactivity such as in the decommissioning of the Ignalina nuclear power plant (NPP), evaluation of impact on the population and the environment by near-surface radioactive waste repositories, and dose assessments. 
2.3.   Center for Technology of Radiation Safety and Metrology-Nuclear Energy Agency (Pusat Teknologi Keselamatan dan Metrologi Radiasi-Badan Tenaga Nuklir Nasional; PTKMR-BATAN)	
The Radionuclide Standardization Laboratory, part of the Center for Technology of Radiation Safety and Metrology (PTKMR) of the National Nuclear Energy Agency (BATAN) in Jakarta, Indonesia, is a national reference laboratory for radioactivity measurements, serving the needs for standard sources in Indonesia for both private and government (including BATAN) institutions. In addition to participating in Regional Metrology Organization (RMO) comparisons, the laboratory maintains and standardizes sources (liquid and point) of the national radioactivity standards (using standards from other NMIs as reference) and maintains traceability of radiation standards in Indonesia to the International System (SI) of Units. The laboratory has an active program supporting health care and radiation protection applications, providing routine certification for medical activity instruments, stack/noble gas monitors, and surface contamination instruments.  Its training and research programs for undergraduate, graduate and technician level students and the annual national radionuclide source comparisons (131I in 2009, 60Co in 2010 and 133Ba in 2011), run among more than 10 local laboratories, expand the awareness and use of radionuclide metrology to the larger community.  
2.4.   Norwegian Radiation Protection Authority (NRPA Østerås)	
The Norwegian Radiation Protection Authority (NRPA) is the competent authority on radiation protection and nuclear safety in Norway. The NRPA has three environmental laboratories located at the main office in Østerås (near Oslo), Tromsø and Svanhovd. Measured samples are mainly related to projects concerning air, marine and terrestrial monitoring, in addition to independent research projects from internal or external clients. The low background gamma-ray spectrometry laboratory at the Østerås office performs accredited high-purity germanium detector (HPGe) measurements of both natural and anthropogenic radionuclides in a wide range of different sample matrices such as water, filters, soil and biota.
2.5.   Turkish Atomic Energy Authority-Sarayköy Nuclear Research and Training Center (Türkiye Atom Energjisi Kurumu - Sarayköy Nükleer Araştırma ve Eğitim Merkezi; TAEK-SANAEM) 	
TAEK-SANAEM is a government institution which focuses on nuclear research. The radioactivity measurements at the SANAEM are performed in gamma-ray spectrometry, alpha-particle spectrometry, liquid scintillation counting, and gross alpha/beta-counting laboratories. The radioactivity analyses of environmental, foodstuff, drinking water and industrial samples coming from different parts of Turkey are routinely being carried out. Specifically, TAEK research centers are the sole authorized institutions to prepare radiation certificates for import/export products. All of the laboratories are accredited according to ISO 17025 in several test methods. The QC system is maintained through regular international proficiency testing exercises. TAEK-SANAEM is a member of several international organizations such as the ALMERA network of the IAEA and EURAMET as the designated metrology institute for ionizing radiation of Turkey.

3.   Laboratory Research and Capabilities:  
As in any field of measurement science, radionuclide metrology depends on both direct and indirect methods to optimize the dissemination of measurement standards (primary and secondary, respectively) to address the needs of the community.  The working distinction between “primary” and “secondary” in radionuclide metrology is that, to be considered “primary,” a method can rely on only the count-rate data arising from radioactive decay (supported by information of the mode of decay); historically, however, the CIEMAT/NIST method of LSC is considered “primary” for specific radionuclides.  An indirect method resulting in a “secondary” standard relies on the use of reference (i.e., calibrated) sources to calibrate a reference instrument which, in turn, is used to measure subsequent sources (NCRP 1985).  Although capabilities to produce primary standards are fundamental to an active metrological program, and are needed to assure confidence in indirect methods, secondary standards are the more usual way to disseminate measurements to the vast majority of customers. 
3.1.   NEL-NTUA
At the NEL-NTUA, gamma-ray spectrometry is one of the most developed techniques. Several detectors are available: HPGe, low-energy germanium (LEGe), in-situ broad-energy germanium (BEGe) and an extended-range coaxial germanium (XtRaGe) detector equipped with a Compton suppression system for very low level measurements. Calibration of these detectors is performed either purely experimentally, using certified reference sources, or with Monte Carlo simulation techniques combined with experimental ones (Agrafiotis et al., 2011). Gamma-ray spectrometry is used for the analysis of various types of environmental samples. The thorough investigation of the natural and artificial radioactivity in the Greek surface soil, conducted over the past 25 years using home-developed software for spectrum collection and analysis and also for mapping of results for each radionuclide (Simopoulos 1989; Petropoulos et al., 2001), has resulted in the detailed mapping of natural radionuclides, as well as those due to fallout from the Chernobyl accident, over Greece (Figure 1).  Extensive research was also conducted on the radioactivity of the ashes from thermal power plants (Karangelos et al., 2004a) as well as surveys of natural radioactivity around the plants and on the determination of depleted uranium in environmental samples (Karangelos et al., 2004b). Today, research is focused on the improvement of measurement techniques, the study of migration of Chernobyl 137Cs in the soil, short-term monitoring of radioactive aerosols (7Be) and the use of radionuclides as tracers of environmental processes, such as erosion and sedimentation.

Alpha-particle spectrometry techniques, using conventional methods (such as PIPS) for spectrum collection and home-developed software for spectrum analysis, are also used at the NEL-NTUA; radiochemical separation is applied for the determination of uranium isotopes in liquid and solid samples.  Research focuses mainly on the determination of uranium in tap water, rainwater collected from around thermal power plants (Papadopoulos et al., 2011), urine, and air filters.  LSC is used for total-α and total-β measurements and for the determination of 90Sr in liquid samples, and kinetic phosphorescence analysis is applied for the determination of uranium in liquid samples at levels down to a few parts per trillion (ppt).  

Novel LSC techniques for radon measurements are currently under development.  Radon related research is well developed at NEL-NTUA; two in-house built radon chambers (1.2 m3 and 8.5 m3) equipped with calibrated radon sources and sophisticated instrumentation for controlling and monitoring the environment inside the chambers are available. Routine radon measurements conducted include calibrations of active and passive radon detectors, radon emanation of building materials and structures, radon in water measurements, in-situ measurements of radon emanation from soil and soil gas measurements (Rouni et al., 2001).  
3.2.   CPST
The CPST, formerly the Nuclear and Environmental Radioactivity Research Laboratory of the Institute of Physics (Vilnius), was upgraded for radionuclide activity measurements during the implementation of the project “Development of National Ionising Radiation Measurement Infrastructure according to the Practice of the EU Member states,” co-ordinated by the Slovak Metrology Service in 2005-2007.  The laboratory’s primary and secondary standardization equipment were provided in the frame of the Twinning project LT/2004/IB/NS/01 under this project in 2007. Primary standardization equipment supplied within this project (and manufactured by VF, Czech Republik) includes a triple to double coincidence ratio (TDCR) instrument (with MAC3 unit provided by the Laboratoire National Henri Becquerel (LNHB), France) and a 4π β-γ coincidence proportional counter (Figure 2). For secondary standardizations, the laboratory received a HPGe gamma-spectrometer with 15 % relative efficiency (Ortec, USA), a Fidelis Secondary Standard Radionuclide Calibrator by Southern Scientific Ltd., UK, and a Capintec CRC-15R Dose Calibrator (Capintec, Inc., USA).  In addition, precise balances from Sartorius, Germany, and a set of certified reference materials (Czech Metrology Institute, Prague), including both radionuclide solutions and point sources for gamma-spectrometry, completed the establishment of the facility under the project.  Participation in this project was crucial for the laboratory to meet its mission to create and maintain the national radionuclide activity standards as well as for other applications of radioactivity in the country related mainly with radioactive waste management and decommissioning of the Ignalina nuclear power plant (Klevinskas et al., 2007; Lukauskas et al., 2006; Maceika et al., 2009; Plukis et al., 2008; Remeikis et al., 2004, 2007, 2009, 2010).  Resources provided by this project also supported research efforts on radioactive waste repositories effects on man and biota (Butkus et al., 2003; Gudelis et al., 2010a, 2010c; Konstantinova et al., 2007; Nedveckaitė et al., 2010), assessment of the environmental impact of natural and artificial radioactivity (Gudelis et al., 2010b; Lujanienė et al., 2009; Lukšienė et al., 2006) and the enhancement of international co-operation (Pham et al., 2008; Dryák et al., 2010).
3.3.   PTKMR-BATAN
At the Radionuclide Standardization Laboratory of PTKMR-BATAN, recent primary standardizations have been performed for 90Sr (using the LSC-gamma coincidence method) and 38Cl (using the sum-peak method), and measurements of 152Eu in an aluminum oxide matrix have been undertaken.  Standardizations using secondary methods have also been carried out for mixed gamma emitting sources using gamma-ray spectrometry.  Source preparations are performed by gravimetric methods using a calibrated semi-microbalance to maximize accuracy.  
  
An array of techniques and instrumentation, including alpha-particle spectrometry, gamma-ray spectrometry (with HPGe and LEGe detectors, as well as a well-type NaI(Tl) detector), and radionuclide calibrators (Capintec CRC-7BT, Vinten 271/671, Victoreen, Centronic, and Merlin Gerin), are used at the PTKMR to cover the research and standards dissemination needs of the laboratory.  For example, a semiconductor HPGe detector (relative efficiency 10.3 % and energy resolution 1.69 keV FWHM at 1332.5 keV) was calibrated using the six gamma lines (244.7, 344.3, 778.9, 964.1, 1112.1 and 1408.0 keV) from 152Eu (13.522(16) a), using a standardized point source (certificate date 28 January 1980) originally from the Laboratoire de Métrologie des Rayonnements Ionisants (LMRI, France).  The resulting efficiency curve (ε = 0.1598 (E/keV)-0.98, correlation coefficient 0.9997, fitting uncertainty 1.5 %) was then used to determine the activity of solutions of 60Co and 137Cs.  Gravimetrically prepared aliquots (single drops) of each solution were mixed on a Mylar substrate, dried under a heat lamp, and then covered in Mylar.  The resulting point sources were measured on the same HPGe detector calibrated with the standard 152Eu source and using the commercial software Genie 2000.  The source-to-detector distance was 25 cm, reducing the need for true coincidence summing corrections.  Activity results from several point sources prepared from the original mix were consistent (249.1 ± 9.5 Bq/mg for 60Co and 494.3 ± 18.8 Bq/mg for 137Cs), with an expanded uncertainty of 3.8 % (Table 1). Preparing sources in this way (with the inherent variation in relative ratios) more closely matches the types of samples used by the user community, which are similarly varied.

The activity of another source of 152Eu was determined in a manner similar to that of the 60Co and 137Cs.  Aliquots of the solutions of all three nuclides (60Co, 137Cs, 152Eu), the activities of which were based on the efficiency curve traceable to the LMRI, were then prepared as above; point sources measured on the same detector gave results falling along essentially the same efficiency curve (as expected).  As many as nine energies from all three radionuclides (244.7, 344.3, 661 657, 778.9, 964.1, 1112.1, 1173.2, 1332.5 and 1408.0 keV) were used.  Additional point sources prepared from these solutions serve as secondary, traceable standards distributable to the user community as well as for use at the PTKMR.
3.4.   NRPA
The current setup at NRPA includes eight coaxial HPGe detectors; five p-type and three n-type detectors with relative efficiencies ranging from 30 % to 100 %. In addition, one coaxial and two well-type NaI(Tl) detectors are in operation for measuring 137Cs in organic matrices. Detectors are shielded by 50 cm thick concrete walls and a 5 cm lead brick cage, both especially selected for low intrinsic activity. Background count rates range between 1 and 2.5 cps in the energy interval 30-2500 keV for all HPGe detectors. Pulse processing and spectrum acquisition is carried out using NIM electronics, and automatic spectrum analysis is performed in self-written software based on Gamma83 (Sinkko, 1981) which was developed in collaboration with the Säteilyturvakeskus (STUK) during the early eighties. All results are individually checked and registered by a qualified analyst before they are reported. The laboratory participates in several international working groups on radionuclide metrology and the measurement of environmental radioactivity, and takes part in different intercomparison exercises.

Research efforts at the low-level gamma-ray spectrometry laboratory of NRPA are directed primarily towards improving precision of environmental measurements, including background reduction, true coincidence summing corrections and improving detection limits. One HPGe detector, a 100 % relative efficiency coaxial p-type detector, is devoted solely to research and development. Additionally, the analysis software is continually updated, with recent efforts including the creation of a new Windows-based GUI and implementing detection limits according to ISO11929:2010 (ISO, 2010).  Corrections for flexible sample height, density and true coincidence summing based on the formalism developed by Debertin and Schötzig (1979) have been part of the analysis software since the beginning; however, these corrections depend on a complicated and time-consuming efficiency calibration routine using various monoenergetic aqueous sources to determine peak and total efficiencies. Different approaches to efficiency calibration using semi-empirical methods (Aaltonen et al., 1994) and Monte Carlo based software have been investigated. Some recent results and conclusions were published as a NRPA report by Dowdall and Selnæs (2006). A technical note describing some simplified coincidence correction procedures used in a recent efficiency calibration of n-type HPGe detectors are published in these proceedings (Mauring and Drefvelin, 2011). 

Work at the NRPA continues to improve the methods used for analyzing radionuclides from the natural decay series in soils and sediments. Samples are vacuum-sealed and stored for one month prior to counting to ensure secular equilibrium in the uranium series. However, radon concentration in the laboratory has been found to vary greatly with the room ventilation, and recent efforts have focused on circumventing this problem using different background reduction techniques, thereby improving the measurement accuracy of 226Ra based on its progeny. With current efficiency curves extending down to 46.5 keV on the n-type detectors, matrix corrections using point sources (Cutshall et al., 1983) have recently been successfully implemented for direct analysis of natural radionuclides that emit low-energy gammas. Future work will focus on further developments in low-level environmental radionuclide analysis, especially towards the problems regarding varying radon concentration in air, as well as greater involvement in the international radionuclide metrology community.
3.5.   TAEK-SANAEM
Although there have been several individual studies in radionuclide metrology at the TAEK-SANAEM in the past, metrology studies began formally in 2009 with the EU project TR080209, “Improving Chemical and Ionizing Radiation Metrology in Turkey.” This three-year project, which allows two researchers to be trained in radionuclide metrology at the JRC-IRMM (Geel, Belgium) each year, aims to increase the institutional capacity of TAEK research centers in ionizing radiation metrology. Two researchers have already completed long term training, and four are currently in training. As part of this project, two workshops (on the CIEMAT-NIST method and on advanced gamma-ray spectrometry) were conducted at the TAEK-SANAEM. In addition, two national projects run parallel to this project - one to establish a secondary standardization dosimetry laboratory and one to set up a radionuclide metrology lab - at the TAEK-SANAEM. Construction of the radionuclide metrology laboratory has begun, and equipment is currently under order.

Secondary radionuclide standardization methods are planned for the radionuclide metrology laboratory, including HPGe detectors, high resolution alpha spectrometers, ionization chambers and liquid scintillation counting systems. A Compton suppression spectrometer (Canberra), different sizes of PIPS detectors (Canberra), an ionization chamber (Southern Scientific) and source preparation equipment have been ordered for this purpose. Some primary activity standardization studies are also being conducted. A defined solid angle alpha-particle counting setup based on the setup at the IRMM has been designed, and is currently being constructed (Figure 3). The CIEMAT-NIST method using a Quantulus ultra low level liquid scintillation spectrometer will be used as a primary standardization method. Other setups, such as 4π-γ counting with a well type NaI detector, 4π-β-γ coincidence counting systems and triple-to-double coincidence ratio (TDCR) systems, are still in the design phase.   

4   World-Wide Metrology:  
A laboratory’s capabilities are often best demonstrated through measurement comparisons with other laboratories in proficiency tests, interlaboratory comparative evaluations, or national and international (supplementary or key) comparisons.  Usually, the results of such comparisons are depicted as some sort of “reference value,” with a stated uncertainty, which is a consensus of the results from the participating laboratories.  When a defined artifact gives “target” reference values (for example, a spiked matrix-based source), a laboratory can display measurement capability against those values.  A capability is assessed not only by how “close” a measurement result is to a reference value (within stated uncertainties of both the reference value and the result), but also the degree by which the stated uncertainty of that result reflects consideration of all the relevant factors in the measurement.  For example, the NRPA is obliged to participate in interlaboratory comparisons by its accreditation body, and has generally achieved good (i.e., “in agreement;” Figure 4) results which improve with time and experience.  

Through participation in the NPL Environmental Radioactivity Proficiency Test Exercises in 2008 and 2010, the CPST has determined radionuclide (alpha-, beta- and gamma-emitting) activity concentrations in various matrices (water, concrete powder, and synthetic sand).   Results were generally consistent with assigned values and considered to be “in agreement” (an example, in concrete powder, is shown in Table 2).  Results obtained by non-destructive analyses (60Co, 133Ba, 152Eu and 154Eu) are considerably closer to the reference values than those requiring radiochemical preparation of the samples (the pure beta 14C, 63Ni and the low-energy electron capture 55Fe), which reflects the additional uncertainties in activity determination in complex matrices. 

By participating in international comparisons of radioactivity measurements, such as of 131I (APMP.RI(II)-K2.I-131), the PTKMR has demonstrated its capabilities amongst other NMIs (Figure 5) using secondary methods (gamma-ray spectroscopy).  This comparison was carried out within the framework of the Asia-Pacific Metrology Program (APMP); seven institutes took part (five of which undertook absolute measurements).    An ampoule of the source was also sent to the BIPM SIR to link the comparison to the BIPM key comparison reference value (KCRV). 

If a measurement result were to fall outside the expected range, this would suggest a need for a laboratory to address issues associated with its measurements.  On occasion, an unexpected result has led to the determination that there has been an issue with the target or reference value.  In either case, international radionuclide metrology is improved and made more robust through the cooperative efforts of a wide range of measurement laboratories.  

5  Conclusions:	
Since the First International Summer School on Radionuclide Metrology in Herceg Novi, Yugoslavia in 1972, during which the concept of the ICRM first began to take form, upwards of 50 laboratories, including both national measurement institutions and research laboratories, have participated in the eighteen biennial Conferences.  As the field has expanded to more and varied applications, the profile of the metrology community has changed to be more user/application focused, yet metrology itself remains a cornerstone for accuracy and confidence.  Time and resources are needed to establish a viable infrastructure to expand capabilities and competence, and the ICRM presents a forum for presenting efforts toward this expansion.  
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Figure Captions
1. Total 137Cs deposition in Greece following the Chernobyl accident as determined using home-developed software at NEL-NTUA. (http://arcas.nuclear.ntua.gr/arcas/research/maps.en.html)
2. 4π ß-γ coincidence counting system set-up at the CPST.
3. Technical drawing of the alpha-particle counting system at a defined solid angle at the TAEK-SANAEM.
4. Results from the NRPA during the latest NPL environmental radioactivity intercomparison exercise (NPL Environmental Radioactivity Proficiency Test Exercise 2010) using the NPL 2010 Gamma Low (500 g aqueous sample in HDPE bottle, nuclides at 1-20 Bq/kg) sample.
5. Results of the APMP.RI(II)-K2.I-131 comparison (Draft A).  The red line indicates an average of all results (divided by the mean), and is close to the current KCRV of 40.400 (40) MBq.  The PKTMR used 4π Ge(HP) gamma-ray spectroscopy for analysis.
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Fig 5


Table 1.  Result of the activity measurement of 3 mixed sources at PTKMR-BATAN
	Code of 
mixed source
	Activity (Bq)
	Spec. Activity (Bq/mg)

	
	60Co
	137Cs
	60Co
	137Cs

	CoCs 01/10
	2076 ± 79
	7951 ± 302
	256.6 ± 9.8
	499.7 ± 19

	CoCs 02/10
	2760 ± 105
	4946 ± 188
	242.1 ± 9.2
	493.1 ± 18.7

	CoCs 03/10
	1994 ± 76
	2999 ± 114
	248.6 ± 9.4
	490.0 ± 18.6

	Mean of spec. Act. (Bq/mg)
	249.1 ± 9.5
	494.3 ± 18.8






Table 2. Comparison of CPST results with assigned values of radionuclide activity in concrete powder (Harms and Gilligan, 2010) 

	Nuclide
	Assigned value (Bq g-1)
	Result of the laboratory (Bq g-1) (k = 1)
	Relative discrepancy, %

	14C
	0.06(5)
	0.051(6)
	-15.0

	55Fe
	0.055(5)
	0.086(12)
	56.4

	60Co
	0.1045(9)
	0.101(4)
	-3.3

	63Ni
	0.04(3)
	0.025(5)
	-37.5

	133Ba
	0.00704(25)
	0.0064(7)
	-9.1

	152Eu
	2.631(20)
	2.53(12)
	-3.8

	154Eu
	0.1029(14)
	0.095(6)
	-7.7
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