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INTRODUCTION 

The Mixed Analyte Performance Evaluation Program (MAPEP) is organized by the United States 

Department of Energy as a quality assurance tool for radiological and chemical laboratories around the 

world. Matrices of vegetation, soil, air filter and water, spiked with mixed radionuclides and stable elements 

are prepared and sent to participating laboratories every 6 months. The participating labs are required to 

identify and quantify radionuclides and stable elements using their standard methods 
(1)

 and report the results 

within sixty days. False positives are also routinely examined. The performances are assessed and sent to the 

participating laboratories. 

The radiation measurements laboratories at the Radiation Safety Department (RSD) at Soreq Nuclear 

Research Centre (SNRC) continually participates in MAPEP since 2005 for gross alpha and beta, tritium and 

uranium in water and gamma emitting radionuclides in the previously mentioned matrices. In this paper we 

present an analysis of SNRC performance up today. 

 

MATERIALS AND METHODS 

Gamma emitting radionuclides are measured from the four matrices by gamma spectrometry using a high 

purity germanium (HPGe) detector. Efficiency, true coincidence summing corrections and decay corrections 

are applied where required. 

Gross alpha and beta in liquid samples are measured by low background coincidence proportional counting. 

Tritium in water is performed by low background liquid scintillation using a Quantulus1220 (PerkinElmer) 

while for uranium isotopes selective extraction liquid scintillation alpha counting using the same type of 

instrument.  

In the following we specify the materials supplied by MAPEP and the preparation procedure for the actual 

samples which are measured. 

Vegetation: Two plastic jars consisting of 95 gr and 10 gr of finely milled grass hay (identically spiked) are 

supplied. The sample with 10 gr are placed in a dedicated plastic container and sealed with silicon.  

Soil: Sample containing 300 gr of soil is supplied in a plastic jar. All 300 gr are transferred into a dedicated 

plastic container which fits to the measuring apparatus.  

Air filter: A thin air filter (diameter of 47 mm, width of 1 mm) made of glass fiber is supplied. The filter is 

measured “as is”, i.e. without any preparation.  

Water: Two bottles of 1 liter of water each are supplied. One bottle is used for identification of gamma,  

alpha and beta emitters (RSD labs participates in the measurement of 
3
H, 

234
U, 

238
U only). The other bottle is 

used for gross alpha-beta measurements. For gamma emitters, the preparation method involved transfer of 

200 ml into a dedicated plastic container. For gross alpha measurement the standard co-precipitation method 
(2)

 is used. The method consists of co-precipitation of Ra, U and Th isotopes with BaSO4, FeO3. Gross beta 

sample preparation is according to the standard evaporation method 
(2)

. For Tritium in water, a sample of 150 

ml of water is cleaned and purified through active charcoal powder and then filtered and distilled (boiling 

and condensed) to achieve a constant quenching property of the sample mixed with the inorganic 

scintillation solution . For uranium isotopes measurements (
234

U and 
238

U), a sample of 200 ml of water is 

transferred into a dedicated container which is first heated to remove radon and CO2. After cooling, the 

sample is mixed with the extraction cocktail (HDEHP and liquid scintillator), and later a known portion is 

measured by a low background liquid scintillation counter (Quantulus1220, PerkinElmer).  

The evaluated parameters in the proficiency tests are the activity concentration and the corresponding 

uncertainty for each nuclide and for each matrix. Reporting of activity
7
 was performed in accordance to 

                                                 
7
For cases where a nuclide was not identified, the minimal detection activity was reported. 
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MAPEP instructions (i.e. decay corrected to the requested reference time). The acceptance criteria for 

receiving a passing grade (“A”) defined by MAPEP is given for a result which is within a relative deviation
8
 

of <20% than the reference value. A passing grade with warning (“W”) is given for a relative deviation 

within 20%-30%. A fail grade (“N”) is given for a relative deviation of >30%.  

 

RESULTS 

Table 1 shows the performance level in percent (i.e. number of “A”+”W” grades) for all of the examined 

radionuclides in each of the four matrices for all tests during 2005-2013. Tests involving detection and 

quantification of the most of the gamma emitters (
40

K, 
54

Mn, 
57

Co,
  60

Co, 
65

Zn, 
134

Cs, 
137

Cs, 
241

Am) in all 

matrices as well as Uranium isotopes and gross alpha and gross beta in water are mostly graded “A”. The 

low energy gamma emitters 
241

Am and 
57

Co were given the highest amount of fail grades in water and 

vegetation matrices. Tests with 
3
H were only partly good, though we note that since 2010 a significant 

improvement was achieved after a validation process was performed.  

Submitted data including activity concentrations, and the reference values within the period of 2005-2013 

(conducted once\twice per year, altogether 16 tests) were processed and analyzed. Figure 1 (left) shows the 

average deviation (over all tests) between the submitted result and the reference value for the studied 

nuclides and for the four matrices (vegetation, soil, filter, and water).  

Non-zero deviations
9
 are observed in practically all matrices and radionuclides. The deviations in the gamma 

emitters may be attributed to a significant offset in the used efficiency curve. The relatively large deviation 

in the low gamma energy emitter 
241

Am is attributed to the very low activity concentration of the nuclide 

which is best suited for alpha spectrometry methods rather than for gamma spectrometry as the  minimal 

detection activity level of the HPGe detection system is usually above the reference values.  

The large deviation in 
3
H is attributed to a previous sample preparation method which was updated in 2010. 

Since then the performance was successful.  

The few deviations in Uranium isotopes results are attributed to non-equilibrium between the isotopes in 

depleted uranium samples. The updated measurement method (since 2011) accurately determines the 

uranium activity concentration not depending on uranium depletion/enrichment. 

  

Success Level  
Nuclide 

Water Filter Soil Vegetation 

100% - 100% - 40K 

100% 100% 100% 100% 
54Mn 

100% 100% 100% 93% 
57Co 

100% 100% 100% 100% 
60Co 

100% 100% 100% 100% 
65Zn 

100% 100% 100% 100% 
134Cs 

98% 98% 100% 99% 
137Cs 

64% 87% 100% 80% 
241Am 

90% - - - 3H 

85% - - - 234U 

93% - - - 238U 

94% - - - Gross α 

94% - - - Gross β 
 

Table 5: Grades per nuclide and per matrix for MAPEP tests during 2005-2013. 

                                                 
8
For gross alpha\beta emitters, the acceptable values are within a relative deviation of <70%. 

9
Deviations in reported results caused by typos were omitted from this average as this report studies technical expertise.  
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Most of the reported results for nuclides in the four matrices are within the accepted values, while alpha and 

beta emitters exhibit slightly elevated Z-scores.  

An additional performance evaluation has been carried out using the statistical test Z-score which takes into 

account the relative deviation between the assigned value and the lab result together with the corresponding 

uncertainties, given by   Where  is the reported activity;  is the assigned activity; 

 and  are the corresponding uncertainties. Results with  are considered accepted values. 

Figure 1 (right) shows the averaged (over all tests) Z-score per nuclide and per matrix.  

Figure 2 shows the performance of the lab in MAPEP tests over the period 2005-2013 in terms of success 

level in percent (=[number of “A” + “W” grades]/[total nuclides examined]). The lab exhibited good 

performance over the years for all matrices, though occasional failures were recorded in some years 

especially for vegetation and water matrix. The main reason for these failures is miss-quantification in the 

low energy gamma emitters (
241

Am and 
57

Co).  

 

Figure 32: Averaged deviation (left – a,c,e,g,i) and averaged z-score (right – b,d,f,h,j) for the examined  

radionuclides in four matrices: vegetation, soil, filter and water. 
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Figure 33: Success level for the four matrices in MAPEP tests during 2005-2013. 

 

CONCLUSIONS 

The performance of the radiation measurements laboratories at Soreq Nuclear Research Centre in MAPEP 

proficiency tests has been presented. There is a very good overall success in these tests over the years, 

although deviations were found in some nuclides which need to be addressed. 
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