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[bookmark: _Toc75342734][bookmark: _Toc78839430]Executive summary
International experience with significant radiological incidents has shown that extensive measurement of environmental samples is required (Japanese Ministry of Health, Labour and Welfare, 2015) (IAEA, 1988). Initial screening of samples via gross alpha and gross beta measurements can reduce the number of samples that require more accurate analyses. This approach improves the throughput of laboratories following an incident. ARPANSA’s capacity to analyse samples could be overwhelmed by the response required by a significant radiological incident. Therefore, assistance from other laboratories might be required to respond to a significant radiological incident.
This exercise was conducted to ascertain the capability of participating laboratories with respect to the measurement of total alpha and beta activity by gross alpha/gross beta analysis. The main purpose for this exercise was to establish how different laboratories perform gross alpha/beta measurements (i.e. gas-flow proportional counting or Liquid Scintillation Counting (LSC)), what sources they use for calibration and whether the diverse procedures used by the laboratories produce acceptable results.
Five of the radioanalytical laboratories identified as having gross alpha/gross beta capabilities participated in this exercise. These laboratories form part of the Australasian Radionuclide Laboratory Network (ARLN). Participants were asked to analyse 500 ml of water, containing known amounts of alpha and beta activity, obtained from an accredited supplier of Certified Reference Materials and proficiency testing products. The sample required preparation by the participating laboratories prior to analysis, as described in the Instruction to Participants letter, and noted further on in this report.
Apart from one laboratory, the participants reported gross alpha results that would be considered acceptable by the supplier of the samples. That is, 4 of the 5 reported gross alpha results were within the performance acceptance limits defined by the supplier. With regards to the gross beta results, the reported results were a lot more variable with only 3 of the 5 reported gross beta results being considered acceptable as defined by the supplier.
This exercise showed there is a lot of variability in both the procedures used by the laboratories and the sources used to calibrate for gross alpha/beta measurements. Work will now be undertaken to establish a standard procedure for gross alpha/beta measurement that all ARLN laboratories can undertake to improve the reliability of determining gross alpha/beta activities. A future capability exercise will be undertaken once this procedure has been implemented to see how the newly implemented procedure has improved gross alpha/beta measurement.


[bookmark: _Toc75342735][bookmark: _Toc78839431]Introduction
ARPANSA maintains a radioanalytical laboratory, in part, to respond to radiological incidents. Theoretically, this laboratory has the capacity to measure about 48 samples over a week for gross alpha/beta measurements. However, this capacity could be overwhelmed by the response required by a significant radiological incident. Therefore, assistance from other laboratories might be required to respond to such an incident.
ARPANSA has identified 9 radioanalytical laboratories in Australia and New Zealand. This includes 3 laboratories run by the Australian Nuclear Science and Technology Organisation (ANSTO), ARPANSA’s own laboratory, 2 university laboratories as well as 3 other state or national laboratories. However, there is considerable specialisation in the radionuclides analysed by these laboratories. This is because many of these laboratories exist to fulfil specific needs and are not funded or specifically tasked with providing analyses in the event of general radiological incident. Therefore, some laboratories may not be able to provide assistance for certain radiological incidents.
This exercise was conducted to ascertain the capability of participating laboratories with respect to the measurement of gross alpha/beta activity in water and was the first capability study to ascertain the performance of the participating laboratories’ procedures for accuracy in determining gross alpha/beta activities. 
It should be noted that this was not a proficiency test exercise because participants were not judged as to the acceptability of their procedures. The procedures used by each laboratory are appropriate to their particular objectives. Rather, the purpose of the exercise was simply to determine whether the methods currently used by each participating laboratory produced acceptable results when used for another purpose.
[bookmark: _Toc75342736][bookmark: _Toc78839432] Methods
Five of the Australasian radioanalytical laboratories (including ARPANSA) agreed to participate in the exercise. 
ARPANSA distributed screw-top glass vials containing at least 10 ml of standard concentrate to all 5 participating laboratories. The concentrate was preserved with nitric acid to pH < 2. The sample also contained added dissolved nitrates of magnesium, calcium, manganese, and iron. The remaining nitrate residues of the diluted standard, after evaporation, should range between 5 and 70 mg per 100 ml aliquot.
The sample was supplied as a concentrate and was diluted at the participating laboratories before use and represented the minimum suggested sample size for the sample. The diluted standard contained the following analytes in the activity ranges shown:
· Gross alpha (as thorium-230) – 0.25 – 2.8 Bq/L
· Gross beta (as caesium-137) – 0.25 – 2.8 Bq/L
The supplier also provided a certificate of analysis stating the certified values of the gross alpha and beta activity in the vials. The certificate of analysis also included performance acceptance limits (PALs) approximating 95% confidence intervals of the performance that an experienced laboratory should achieve.
The dilution instructions provided to all participants are detailed at 2.1 below.
[bookmark: _Toc75342737][bookmark: _Toc78839433]Sample preparation and measurement 
	1. Shake the jar well prior to opening.

	2. Using clean, dry, class A volumetric glassware, transfer 5.0 mL of the concentrate and dilute to a final volume of 500 mL with 0.1 M nitric acid solution 

	3. If necessary, prepare a second 500 mL portion by following steps 1 and 2 above 

	4. Mix or shake the diluted sample well prior to analysis 

	5. Use your regular preparation and analytical procedures 

	6. There is no decay correction performed for the measured results

	7. There is no correction for potassium-40 for the measured results


The diluent should have an acidic composition comparable to that of the concentrate to ensure analyte stability and should be analysed as soon as possible after dilution.
[bookmark: _Hlk74649208]All participating laboratories confirmed the samples were prepared in accordance with the instructions supplied above, prior to analysis.
[bookmark: _Toc379296977][bookmark: _Toc379966437][bookmark: _Toc380048011][bookmark: _Toc380136667][bookmark: _Toc380480395][bookmark: _Toc380482630][bookmark: _Toc380482766][bookmark: _Toc441132144][bookmark: _Toc441242618][bookmark: _Toc441242927][bookmark: _Toc444090071][bookmark: _Toc447097360][bookmark: _Toc379966440][bookmark: _Toc380048014][bookmark: _Toc380136670][bookmark: _Toc380480398][bookmark: _Toc380482633][bookmark: _Toc380482769][bookmark: _Toc441132147][bookmark: _Toc441242621][bookmark: _Toc441242930][bookmark: _Toc444090074][bookmark: _Toc447097363][bookmark: _Toc453335325][bookmark: _Toc75342738][bookmark: _Toc78839434]Analysis of results
For each radionuclide, ARPANSA calculated the relative bias (R) of the measured activity concentration (M), relative to the certified activity concentration supplied by the manufacturer (C):
Equation 1:			
Due to the uncertainties in both the certified value (uc) and the measured value (um), the relative bias for an individual radionuclide may not be statistically significant. Therefore, ARPANSA also calculated the U‑test value (U):
Equation 2:				
The relative bias for an individual radionuclide is statistically significant if U > 2.58 and may be statistically significant if U > 1.64.
If a participant under- or over-estimated the uncertainty associated with a measurement, the U-test value will over- or underestimate the statistical significance of the relative bias. Therefore, ARPANSA also compared the measured value to the PALs provided by the supplier of the sample.
Each participant was provided with an individual report detailing the relative bias, U-test value and comparison with the PALs for each radionuclide. This report also indicated if there appeared to be systematic errors in the laboratory’s measured values and indicated the potential sources of these errors, based on the results and responses from the report form.
The laboratories were randomly designated a number to be used throughout this report. Laboratory 3 returned 2 results, based on different analysis techniques and these results are displayed in the following report as laboratory 3 and 3.1.
[bookmark: _Toc453335326][bookmark: _Toc75342739][bookmark: _Toc78839435]Results and discussion
[bookmark: _Toc379966443][bookmark: _Toc380048017][bookmark: _Toc380136673][bookmark: _Toc380480401][bookmark: _Toc380482636][bookmark: _Toc380482772][bookmark: _Toc441132150][bookmark: _Toc441242624][bookmark: _Toc441242933][bookmark: _Toc444090077][bookmark: _Toc447097366][bookmark: _Toc453335328][bookmark: _Toc75342740][bookmark: _Toc78839436]Performance relative to acceptance limits
[bookmark: _Ref441133273]As noted in section 2, the certificate of analysis for each sample also included PALs approximating 95% confidence intervals of the performance that an experienced laboratory should achieve. The reported activity concentration for each radionuclide, for each laboratory, was compared to these acceptance limits. Table 1 details the number of laboratories taking part in the exercise, reporting results within these limits. 
[bookmark: _Ref453332725]
[bookmark: _Ref453335257]Table 1:	Laboratories reporting acceptable results
	Analyte
	Number of laboratories with results
 within acceptance limits

	Gross alpha
	5

	Gross beta
	3


Most laboratories reported acceptable results for gross alpha, however the results for gross beta were less accurate. This indicates that further work is required to investigate a more reliable procedure for analysing samples for gross alpha/beta determinations than what is currently used by each participating laboratory. 
[bookmark: _Toc453335329][bookmark: _Toc75342741][bookmark: _Toc78839437]Performance relative to the certified activity
Highly capable laboratories should produce a result that is commensurate with the certified value. The usual method to test whether a reported result is not significantly different to a certified value is the U-test (see equation 2). This test compares the measured result with the certified result in a way that accounts for the uncertainty in both values.
The U-test values for each radionuclide and each laboratory are shown in Figure 2. In the figure, the blue line indicates a U‑test value of 1.64. Results with a U‑test value below 1.64 are not statistically different from the certified value and are, therefore, consistent. The purple line in the figure indicates a U‑test value of 2.58. Results with a U‑test value greater than 2.58 are statistically different from the certified value. That is, those results with a U‑test value greater than 2.58 are discrepant and indicate a significant error in the analysis. 


[bookmark: _Ref379899705][bookmark: _Ref441069976]Figure 1:	 U-test values for gross alpha and gross beta results for each laboratory.
Figure 1 indicates that laboratories 1, 3, 3.1 and 4 provided good results for gross beta as their reported values were consistent with the reference value. Laboratory 1 showed excellent results for their gross alpha result as it was almost the same result as the certified activity provided on the Certificate of Analysis. Laboratory 4 also returned good results for gross alpha.
Figure 1 does show that laboratories 2, 3, 3.1 and 5 each produced a result with U‑test values greater than 2.58 for gross alpha. This indicates that significant errors were made by each of these laboratories when analysing the sample for this analyte. Additionally, Laboratories 2 and 5 also produced discrepant results for gross beta.
[bookmark: _Ref441070654][bookmark: _Ref441070831][bookmark: _Toc453335327]Where results reported are above the 1.64 U-test value, this may indicate that an error in the analysis might have been made but could also be due to simple statistical variation.
[bookmark: _Toc75342742][bookmark: _Toc78839438]Gross alpha
Figure 2 shows some discrepancy with results achieved by the participating laboratories, it also indicates a large negative bias for the majority of laboratories when compared to the certified activity.
Another notable artefact is the very large uncertainty returned with the second analysis from laboratory 3. 

[bookmark: _Hlk74916650]Figure 2: Gross alpha activity concentration
[bookmark: _Toc75342743][bookmark: _Toc78839439]Gross beta
Figure 3 shows a large discrepancy with results achieved by the participating laboratories, it also indicates a large result uncertainty for the majority of laboratories.
The only laboratories to report acceptable results were 1, 2 and 4, although the gross beta result for laboratory 4 is borderline acceptable. 
Again, there is a noticeable difference in the uncertainties reported for each result, with the biggest uncertainties being reported by laboratories 3, 4 and 5. 
[bookmark: _Toc453335330]
Figure 3: Gross beta activity concentration

In attempting to understand the variability of the results received, further information was requested from the laboratories, including the:
·  analysis techniques/procedures and sample matrices used
· calibration sources used.
Further discussion on these topics is shown below 
[bookmark: _Toc75342744][bookmark: _Toc78839440]Variations in analysis techniques and sample matrices
The results received from the participating laboratories were achieved using various techniques including liquid scintillation counting (LSC), gas-flow proportional counting (GFPC), and the use of solid-state detectors (SSD) and different sample matrices.
The matrices included suspension of sample within scintillant (LSC), evaporation of a sample aliquot on stainless steel/aluminium planchets and evaporation on filter paper (GFPC and SSD).
Table 2 shows the analysis techniques used by each participating laboratory:
Table 2 – analysis techniques/matrices used by each laboratory.
	Laboratory
	Analysis technique
	Sample matrix
	Instrumentation

	1
	Evaporation and low-level LSC
	Suspension in scintillant
	Quantalus

	2
	Evaporation and deposition on 50mm stainless steel planchet - GFPC
	Stainless steel planchet
	Tennelec 5XLB

	3
	Evaporation on filter paper - SSD
	Filter paper
	Ludlum 3030P

	3.1
	Evaporation on aluminium planchet - SSD
	Aluminium planchet
	Ludlum 3030P

	4
	Evaporation and low-level LSC
	Suspension in scintillant
	Quantalus

	5
	Evaporation and low-level LSC
	Suspension in scintillant
	Quantalus


Unfortunately, understanding the analysis techniques/matrices used by the laboratories does not provide a reliable insight into the variations in results provided for this capability exercise. As such, information on calibration sources used was also investigated.
[bookmark: _Toc75342745][bookmark: _Toc78839441]Variations in calibration sources used
Table 3 shows the sources laboratories used for calibration of their instrumentation for gross alpha and gross beta determinations.
Table 3 – calibration sources used by each laboratory.
	Laboratory
	Gross alpha calibration source
	Gross beta calibration source

	1
	Pu-242
	Sr-90

	2
	Am-241
	K-40

	3
	Po-209
	Cs-137

	4
	Am-241
	Sr-90

	5
	Am-241
	Sr-90


Am-241, Sr-90, Cs-137 and K-40 are the sources most regularly used for calibration for gross alpha/beta measurements and are also the most readily available and cost effective to purchase.
For laboratories that utilised difference calibration sources, the choice to do so was based on the types of sources they had available to use at the time of this exercise and were also the sources usually used within their established procedures for gross alpha/beta.
Again, no direct correlation could be made between the calibration sources used and the inconsistent results reported.
[bookmark: _Toc75342746][bookmark: _Toc78839442]Conclusion
This exercise was conducted to ascertain the capability of participating laboratories with respect to the measurement of gross alpha and gross beta. It should be noted the purpose of the exercise was to determine whether the methods currently used by each participating laboratory produced acceptable results when applied to a sample which may be received in a radiological emergency.
Five of radioanalytical laboratories in the Australasian Radionuclide Laboratory Network participated in this exercise. All laboratories undertook the gross alpha/beta measurements in accordance with their standard procedures, established for their core business requirements.
In almost all cases, the participants reported gross alpha results that would be considered acceptable by the supplier of the samples. That is, 4 of the 5 reported results were within the performance acceptance limits (PALs) defined by the supplier.
However, the results for gross beta showed that approximately half of the results returned would not be considered acceptable by the supplier of the samples.
With the vastly varying results returned for this exercise, it is evident that a standard method for the determination of gross alpha/beta is required for use by the Australasian Radionuclide Laboratory Network.
As such, work with all the participating laboratories will be undertaken to develop a standard method for the determination of gross alpha/beta measurements. Once a standard method has been implemented, a repeat of this ARLN capability study will be undertaken to determine if an improvement in results can be achieved using the standard method chosen.
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