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Results of the CCRI(II)-K2. H-3 key comparison 2018: measurement of the activity concentration of a tritiated-water source

Introduction

Tritium is an important radionuclide in the field of radioactivity metrology, because it is a very good tracer of any nuclear activity, and is thus widely monitored. It is also used as a tracer for the implementation of the CIEMAT/NIST method in LSC, and it is also widely used for the quality control of LS counters. National standards of 3 H are available in several countries and comparison of these standards is necessary to assure the international traceability of this radionuclide and to support the CMC's of the National Metrology Institutes.

The previous CCRI(II) key comparison of the activity of tritiated water was organized by the LNE-LNHB in 2009. At that time, some laboratories were not able to participate and after some requests, the KCWG decided to organize a new key comparison in 2018. The LNE-LNHB piloted the present comparison, and the results can be compared to the ones of the previous comparison, as the ratio of activity of the solutions used in both comparisons can be determined precisely using a relative measurement method.

The measurand is the activity per unit mass of the solution at the reference date of 1 st February 2018, 12h00 UTC. 2018. As one result appeared to be an obvious outlier, the laboratory concerned was asked by the coordinator to investigate the possibility of any cause of bias. After investigations, this laboratory could not find out any obvious factor which could have caused a measurement bias and suspected a problem in the solution received. Thus this laboratory decided to withdraw their result and will plan a bilateral comparison with the LNE-LNHB.

The participants were asked to send their measurement reporting forms to the pilot laboratory, only after notification that the LNE-LNHB had submitted their result to the executive secretary of the CCRI. This submission was done by e-mail, sent to the BIPM on 27 th June 2018.

Measurement results

The Triple to Double Coincidence Ratio (TDCR) method in Liquid Scintillation counting was used by all the laboratories, mostly using locally developed TDCR counters, except CENTIS and NRC who used a commercial counter, the Hidex 300SL "metro". This counter was also used at ENEA, together with a locally-developed portable TDCR counter. Besides the TDCR method, IRA-METAS also used an LSC efficiency tracing method, similar in principle to the CIEMAT/NIST method, but using 54 Mn as a tracer. Nevertheless this measurement was not used in the final result of this laboratory. Some information on the measurement instruments and detection efficiency calculation methods are presented in Table A1 and A2 of the appendix.

Uncertainty budget

The uncertainty budgets reported by the participants are presented in Table A3 of the appendix. The dominant uncertainty contribution generally comes from the kB factor. There is a significant dispersion of the reported combined uncertainties, the maximum reported uncertainty being 2.8 times greater than the minimum reported uncertainty. This dispersion can probably be explained by the range and the probability density function (pdf) of the considered kB values.

Final results and evaluation of the KCRV

The final results are presented in Table 2 and graphically in Figure 1. All the results are consistent and the characteristics of the distribution of the results, evaluated using the PomPlot software [START_REF] Spasova | Visualisation of interlaboratory comparison results in PomPlots[END_REF] with a criterion of 2, are reported in Table 3. It can be observed that all the results are compatible, within the reported uncertainties, and that the values of the arithmetic mean, the weighted mean, the power-moderated mean and the median are very consistent. The reduced  2 value is 1.2. The dispersion of the reported relative standard uncertainties is presented in Figure 2. The KCRV, calculated as the power-moderated mean and associated uncertainty, is 53.16(13) kBq/g at the reference date of 1 st February 2018. 

Degrees of equivalence

The degrees of equivalence, determined from the KCRV are presented in Figure 3 and Table 4.

Table 4. Degrees of equivalence

The traceability to the previous CCRI(II).K2.H3 comparison of 2009 was achieved through a relative measurement of both solutions. This was done at the PTB and at the LNE-LNHB.

At the PTB, 5 LS samples of each solution were prepared for both solutions, in the same conditions, i.e. 15 mL of Ultima Gold scintillator plus 0.5 mL of aqueous component in polyethylene vials. The PTB determined a ratio, R=anew/aold at the same reference date, of the activity concentration of the two solutions. This ratio was determined in two ways: using different TDCR counters, giving a value of R=2.3435, and using a Wallac 1414 and a TriCarb 2800 TR commercial counters, giving a value of R=2.3425. The mean value of these results is R=2.3430(66). The uncertainty (0.28% relative uncertainty) was conservatively estimated and it was pointed out by PTB that this ratio is almost model independent.

At the LNE-LNHB, 4 LS samples of each solution were prepared, using solutions of each comparison from unopened flame-sealed ampoules stocked at the LNE-LNHB. As the chemical composition of each solution is pure water, no instability of these solutions was suspected. The sources were measured at the same date and the chemical composition of each LS source was closely matched, using the same amount of radioactive solution. Both sources were measured on a TDCR counter of the LNE-LNHB and the relative standard deviation of the TDCR values of all the sources was 0.2%. In order to take into account the very small variability of the sources, the activity indicator considered was the value of the logical sum of double coincidences, divided by the TDCR value, thus the quantity D 2 /T. As the relationship between TDCR and the detection efficiency is assumed to be linear in a small TDCR range, the value D 2 /T can be considered to be a good model-independent indicator of the relative activities of both solutions. For all the considered sources, the value obtained is R=2.3345(38).

The final value of the activity concentration ratio between the new and old solution is the weighted mean of the PTB and the LNE-LNHB value with the associated uncertainty, R=2.3366(37).

The power-moderated mean of the CCRI(II 

Conclusions

The CCRI(II).K2.H3 comparison of tritiated water was completed successfully with the participation of eleven laboratories. No outlier was identified and the results are in good agreement with the key comparison reference value of 53.16(13) kBq/g at the reference date of 1 st February 2018.

This value is traceable to the KCRV of the CCRI(II).K2.H3 comparison from 2009, with both values being in excellent agreement. This allows the comparison of 26 measurement results of a tritiated water solution. 
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 1234 Figure 1. Final results for each laboratory. (The laboratories can be identified by their number in Table2)

  

Table 2 Final results, activity concentration at the reference date of 1 st February 2018
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	Laboratory number in Fig 1	Laboratory	Activity concentration in kBq/g	Standard uncertainty in kBq/g	Relative standard uncertainty
	1	CENTIS	53.74	0.54	1.0%
	2	CIEMAT	53.62	0.22	0.4%
	3	ENEA-INMRI	52.98	0.38	0.7%
	4	IRA-METAS			
		TDCR	52.94	0.50	0.94%
		IRA-METAS*			
		CNET	53.2	0.73	1.4%
	5	LNE-LNHB	52.79	0.24	0.46%
	6	NIM	53.72	0.37	0.68%
	7	NPL	52.52	0.6	1.14%
	8	NRC	52.72	0.53	1%
	9	POLATOM	53.35	0.26	0.49%
	10	PTB	53.2	0.51	0.95%
	11	SUN	52.68	0.36	0.69%
	*Not used to determine the final value		

Table 3 Statistical characteristics of the results for the activity concentration at the reference date of 1 st February 2018
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	Quantity	Value, kBq/g	Standard uncertainty, kBq/g
	Arithmetic mean	53.11	0.13
	Weighted mean	53.17	0.13
	Median	52.98	0.18
	Weighted median	53.20	0.25
	Power-moderated mean	53.16	0.13

Table 5 . Results of CCRI(II)-K2.H3_2009 and CCRI(II)-K2.H3_2018 comparisons

 5 ).K3.H3 comparison of 2009, 37.10(19) kBq/g at the reference date of 31 th May 2009[START_REF] Ratel | Draft B of the international comparison of activity measurements of a solution of tritiated water CCRI(II)-K2.H3[END_REF], was decay corrected to the reference date of 1 st February 2018, and rescaled using the experimental value of R. This gives, for the 2009 comparison, a reference value of 53.15(29) kBq/g at the reference date of 1 st February 2018, taking into account the uncertainties on the correction factors. This value is in excellent agreement with the reference value of the present comparison, 53.16(13) kBq/g. The combined results of both comparisons are presented in Figure4. The laboratories can be identified from their assigned number in Table5. At this stage, no global equivalence was determined, but this can easily be done, if necessary, and if this procedure is agreed by the Key Comparison Working group of CCRI(II).

	Laboratory number	Laboratory	Ae	u(Ae)
	1	IRA-METAS	52,94	0,5
	2	CIEMAT	53,62	0,22
	3	POLATOM2	53,35	0,26
	4	PTB2	53,2	0,51
	5	CENTIS	53,74	0,54
	6	NRC	52,72	0,53
	7	SU	52,68	0,36
	8	NPL	52,52	0,6
	9	LNHB2	52,79	0,24
		ENEA	52,98	0,38
		NIM2	53,72	0,37
		ANSTO	53,71	0,40
		BARC	52,27	0,83
		BIPM	51,13	0,76
		CMI	52,19	0,36
		CNEA	53,98	0,49
		IFIN	52,32	0,46
		IRMM	53,95	0,49
		KRISS	53,91	1,02
		LNHB1	52,50	0,32
		MKEH	44,66	1,09
		NIM1	53,09	0,37
		NMISA	53,85	0,39
		NPL1	53,78	0,52
		PTB1	52,60	0,37
		POLATOM1	54,34	0,23

Table 5 )
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Table A1 , LS counters and measurement parameters

 A1 

	Table A1, continued												
	POLATOM	Locally developed	30	BURLE 8850	40	40	Extending Defocusing		Ultima Gold	0.43	Sandblasted borosilicate	10	
	Laboratory CENTIS PTB CIEMAT SUN	LS counter Locally developed Locally developed Hidex 300SL Metro 425-Locally developed 202 Locally developed Miniature Locally developed	Age (y) 10 8 5 0 3 2	PMT R331-05 R331-05 ET 9102 KA R331-05 ET 9807b R7600-U200	Coincidence resolving time (ns) 40 40 40 40 40 8-180	Dead-time base duration (µs) 30 30 40 30 10 0.08-50	Dead-time type Extending Extending Non extending Extending extending Extending	Efficiency variation Chemical quenching Grey filters Optical filters Mesh filters	Acquisition MAC3 system 4KAM Hidex CAEN N6720 MAC3 nanoTDCR	Scintillator Ultima Gold Hisafe 3 Ultima Gold Hisafe 3 Ultima Gold Hionic Fluor Ultima Gold Ultima Gold LLT	Typical TDCR 0.53 value 0.47 0.48 0.51 0.55 0.37	LS vial PTFE coated PE Borosilicate Polyethylene Low K borosilicate Sandblasted borosilicate	Number of sources 5 10	Typical count rate (s -1 ) 670 2000
										I Plus				
	ENEA-INMRI	Hidex 300SL Metro Portable TDCR counter	10 10	ET 9102 KA R7600U-200	40 140	50 50	Non extending Extending	Chemical quenching Chemical quenching	Hidex CAEN	Ultima Gold	0.48 0.33	Low K borosilicate	7	825 600
	IRA-METAS	Locally developed	2	R331-05	40 and 180	80	Extending	Defocusing Grey filters Chemical quenching	MAC3	Ultima Gold Ultima old AB	0.39-0.64	Sandblasted low k borosilicate		1030-2700
	LNE-LNHB	Locally developed Miniature locally developed	>20 1	BURLE 8850 R7600U-100	40 40 and 180	50 10 and 50 Extending Grey filters Extending Grey filters	MAC3 nanoTDCR	Ultima Gold Ultima Gold LLT	0.52 0.46	Sandblasted low k borosilicate		300-4500
	NIM	Locally developed	10	BURLE 8850	40	50	Extending	Chemical quenching	MAC3	Ultima Gold AB		Borosilicate		
	NPL	Portable Locally developed	6	ET 620ASP-01	100	40	Extending	Chemical quenching	no	Ultima Gold	0.42	Low K borosilicate		400
	NRC	Hidex 300SL Metro	4	ET 9102 KA	100	30	Non extending	Chemical quenching	Hidex	Ultima Gold Aqualite Hionic Fluor	<0.47	Borosilicate		2000