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ABSTRACT 
 

It is internationally recognized that validation is necessary in analytical 

laboratories. The use of validated methods is important for an analytical laboratory 

to show its qualification and competency. This work describes the methods for 

validation of gamma spectrometric analytical procedure in the determination of some 

gamma emitters in environmental samples. The method was tested and validated in 

terms of repeatability, trueness, reproducibility in accordance with ISO guidelines 

using IAEA reference materials with different matrixes and compositions.  

 
INTRODUCTION 

 

Quality control in gamma-ray spectrometry, as an assemblage of operational techniques and 

activities that are used to fulfill the requirements of a quality system based on ISO/IEC DIS 17025 (ISO, 

1999), requires monitoring of the performance of the spectrometer, the analysis procedure and the 

consistency of the results. Implementation of the quality system in the analytical laboratory is necessary 

to improve the analytical performance and to enhance the competence and the reliability of the 

laboratory. The terms validation and quality assurance (QA) are widely used. Validating a method is 

investigating whether the analytical purpose of the method is achieved, in which analytical results with 

an acceptable uncertainty levels are obtained [Isabel Taverniers, 2004].Analytical method validation 

forms the first level of QA in the laboratory. A laboratory must be capable of providing analytical data 

of the required quality. The ‘agreed requirement’ of an analytical method and the ‘required quality’ of 

an analytical result refer to the ‘fitness for purpose’ of the method [Isabel Taverniers, 2004&Eurachem 

1998]. 
 

The aim of this study is to validate the analytical procedure for the determination of gamma 

emitters in environmental samples by gamma spectrometry. Working protocols was designed in order 

to perform method validation as follow:- 
 

- Application of the analytical methods on certified reference materials to validate the procedure 

in terms of  repeatability and trueness 

- Application of the analytical methods on different matrixes (water- soil-whey) to validate the 

method in terms of matrix types. 

- Application of the analytical methods on the determination of different isotopes to validate the 

method in terms of gamma energies, 

- Inter-comparison test to validate the method in term of reproducibility. 

- Comparative evaluation of results based on the measured and the assigned values taking into 

account all possible source of measurement uncertainties 
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Description of Analytical procedure and spectrometer calibration : 
 

The steps of the determination of the activity concentration of both natural and anthropogenic 

gamma emitters in environmental samples by gamma ray spectrometry are illustrated in Fig. (1) 

 

 

Fig. (1): Analytical steps for the determination of radioactivity contents in  

              Environmental samples. 

 

A gamma spectrometer base on hyper pure germanium (HPGe) detector CANBERRA, 

planner configuration model GC5019, with relative efficiency 40% and resolution 1.95 keV 

(FWHM) at 1.33 MeV Co-60 gamma line was used in application of the analytical method. An 

absolute efficiency calibration using IAEA certified reference material were used. The samples 

were prepared in the same geometry and counting time. Table (1) obtained the IAEA reference 

samples and their corresponding isotopes content. Sampling and sample preparation procedures 

are carried out using the standard Methods [USDO,1992 & Paolo De Zorzi1 et al. 2005]. The 

activity concentration of radionuclide in the selected sample was determined according the 

following equation [N.N. Jibiri and H.U. Emelue, 2008] :- 
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where,    

A : is  the  activity concentration of radionuclide (i)  (Bq/kg),     

B.R.Y : the emission probability of the gamma line corresponding to the peak energy (Y) of the 

radionuclide (i), 

ηY: the spectrometer's efficiency corresponding to the peak energy (Y) at the specific 

geometry, 

NsY: the net count under the peak area of the selected gamma line for the measured sample, 

t: the real counting time, and  

M: the mass of the sample (kg) 
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Table (1): Type and Radionuclide contents of certified reference material used in activity calculation of 

radionuclides in the samples 

Name Type Density Radionuclide contents 

IAEA-Cu-2006 Water 1.0 54Mn, 60Co, 65Zn, 109Cd, 134Cs, 
137Cs, 210Pb, 241Am 

IAEA-330 Spinach 0.79 40K, 137Cs,238U, 234U,90Sr 

IAEA-Soil6 Soil 1.09 137Cs,226Ra 

IAEA-326 Sediment 1.124 226Ra, 228Ra, 232Th, 238U, 210Pb 

IAEA-QC* Solution 0.9926 137Cs, 60Co 

 

 

- Validation Method and Criteria  
 

Several rating systems have been developed for determining a laboratory’s performance and the 

meaning of the results of the different scoring systems are not always comparable. Among various 

statistics, z-scores and u-scores are most often used. The drawback of z-scores is that the uncertainty 

of the measurement result is not taken into account for the evaluation of performance. In the case of 

u-scores, the evaluation includes uncertainties of the measurements and the uncertainty of the 

assigned value [IAEA, No.3,2009]. Z-score and u-Score values are calculated according the 

following equations 

 

𝑍𝑆𝑐𝑜𝑟𝑒 =  
𝑉𝑎𝑙𝑢𝑒𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 − 𝑉𝑎𝑙𝑢𝑒𝑡𝑎𝑟𝑔𝑒𝑡

𝜎
− − − − − −(1) 

Based on the “fitness for purpose” principle, the target standard deviation (σ) is: 

0.10 x Value target. The laboratory performance is evaluated as satisfactory if | z Score | ≤ 2; 

questionable for2<| z Score |<3, and unsatisfactory for | z Score |≥3. 

𝑢𝑠𝑐𝑜𝑟𝑒 =
𝑉𝑎𝑙𝑢𝑒𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 − 𝑉𝑎𝑙𝑢𝑒𝑡𝑎𝑟𝑔𝑒𝑡

√𝑢2
𝑡𝑎𝑟𝑔𝑒𝑡 + 𝑢𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑

2

− − − − − −(2) 

Where, utarget and ureported are uncertainties of the target and reported (measured) values respectively. 

In our validation test we have set the limiting value for the u-test parameter to 2.58 for a level of 

probability at99% to determine if a result passes the test (u < 2.58).  

Trueness, The results are assigned “Acceptable” status for trueness if: 

A1 ≤ A2------ (3) 

where: 

𝐴1 =  𝑉𝑎𝑙𝑢𝑒𝑡𝑎𝑟𝑔𝑒𝑡 − 𝑉𝑎𝑙𝑢𝑒𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 − − − − − −(3) 

𝐴2 = 2.85√𝑢𝑡𝑎𝑟𝑔𝑒𝑡
2 + 𝑢𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑

2 − − − − − −(4) 

 

       To validate the procedure in term of trueness and repeatability;(IAEA-313) certified reference 

material was counted 10 times in the same counting conditions for the determination of 226Ra.The 

emitters are chosen in such a way, that the emitted photons cover a large part of the useful energy range 

of the detector. 
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        Shewhart chart, the simplest type of a QC chart is typically used to monitor day-to-day variation 

of an analytical process. The variation of an established ‘standard’ or quality control sample is shown 

in this chart [IAEA TCS 24-,2004]. QC charts were constructed for each isotopes in the measured 

sample.  
 

      As the  participation in proficiency test is a major ISO requirements [ISO-17025] for method 

validation, the validation procedure for the selected gamma analytical method was carried out through 

the IAEA-ALMERA proficiency Test (IAEA-Tel-2012-04) on the determination of radionuclides in 

water, hay and soil samples. In this test; the participated laboratories asked to determine the activity 

concentrations of the required radionuclides and finally the results of each laboratory were tested and 

evaluated by IAEA. Individual evaluation report was send to each laboratory and final evaluation report 

will issued on the ALMERA web site [www.http://nucleus.iaea.org/rpst/]. The procedure was validated 

in terms of trueness, uncertainty and precision.  Table (2) describes the types of samples with the 

required radionuclides. 

 

Sample Preparation and Counting: 
 

      The  samples were Weighted using calibrated balance and packed in 100 ml marinilli beaker , sealed 

and measured on HPGe detector at counting time 240000 Sec. For hay and soil samples 10 gm of each 

were dried to calculate the moisture contents . 
 

Calculation of Uncertainty: 
 

       Combined uncertainty taken into consideration all possible source of uncertainty were calculated 

according to the and IAEA document [TECDOC-1401,2004]  

 

     Table (2): Types of the Samples and their Tested Radionuclides Used in the validation procedures 
 

No. of 

Samples 
Types of Sample Tested  Radionuclides 

Gamma Energies 

(keV) 
Density (kg/l) 

1 Spiked Water 134Cs 604.7 (97.6%) 

795.6 (85.5%) 

0.9963 

152EU 121.78 (28%) 

344.28 (26.5%) 

1408.0(21%) 

1 Spiked Water 137Cs 661.6 (85.0%) 0.994 
241Am 59.0 (35.9%) 

1 Hay 137Cs 661.6 (85.0%) 0.4603 
134Cs 604.7 (97.6%) 

795.6 (85.5%) 

1 Soil 40K 1460.7 (10.7%) 0.8509 
210Pb 46.0 (4%) 
208Tl 2614 (99%) 

583.0 (84.5) 

  212Pb 238.6 (43.0%)  
  241Am 59.0 (35.9%)  

1 Quality Control 

Sample 

137Cs 661.6 (85.0%) 0.9926 
60Co 1173.2 (99.9%) 

1332.5(99.9%) 
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RESULTS OF ANALYSIS 
 

Calculation of selected criteria: 
 

         IAEA reference soil sample (IAEA-313) was counted 10 times on a planner hyper pure germanium 

detector in the same repeatability conditions. The reference activity concentration of 226Ra is 343.0 

Bq/kg dry weights with uncertainty value 5.2 Bq/kg and standard error value 17.5 Bq/kg [V.Strachnov, 

et al., 1991]. The calculated activity concentration of 226Ra was determined through the selected gamma 

lines of its 222Rn daughters. The warning point in the quality system was defined as ±2 the uncertainty 

of the reference value. The action limit (upper limit and lower limit) at which a corrective action must 

be taken under the quality system was defined at ±3 the uncertainty of the reference value. The calculated 

performance characteristics as well as the determined activity concentrations are described in table (3) 

and illustrated as quality control diagram in figures (1, 2&3).  
 

Table (3) illustrates the results of the IAEA-Tel-2012-04 proficiency test as described by IAEA 

individual evaluation report. 
 

Table (3): The calculated average activity concentration of 226Ra in IAEA-313 and the calculated  

                  performance criteria 
 

Energy 

(keV) 

Activity 

(Bq/kg) 

Uncertainty 

Value (Bq/kg) 

Performance Criteria 

Z-Score U-Score A1 A2  

315.3 343.0 5.4 0.007 0.034 0.26 21.3  

609.0 341.6 5.4 0.04 0.18 1.4 21.3  

1764.0 358.8 5.3 0.46 2.14 15.8 21.3  

Acceptance Criteria |z Score |<2, u < 2.58) A1≤A2  
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Table (3): Results of Gamma Analysis of the Selected Samples and IAEA Evaluation Criteria 

 

Sample Analyte 

IAEA 

Value 

(Bq/kg) 

IAEA 

Un. 

(Bq/kg) 

Lab. 

Value* 

(Bq/kg) 

Lab.Un 

(Bq'kg) 

Lab. 

Un.% 

Rel. 

Bias % 
u-test 

Ratio 

Lab/IAEA 
Accuracy P(%) 

Precisi

on 

Final 

Score 

Sample1 

(water) 

134Cs 82.6 0.71 91.5 4.0 4.37 10.77 2.19 1.11 A 4.46 A A 

52Eu 118.6 1.0 124.02 5.0 4.03 4.57 1.06 1.05 A 4.12 A A 

Sample2 

( water) 

137Cs 102.5 0.75 103.8 4.3 4.14 1.27 0.3 1.01 A 4.21 A A 

241Am 120.9 0.74 124.4 5.0 4.02 2.89 0.69 1.05 A 4.07 A A 

Sample4 

(hay) 

134Cs 306 20 321 12.5 3.89 4.90 0.64 1.05 A 7.61 A A 

137Cs 785.0 24.0 799.2 32.0 4.0 1.81 0.36 1.02 A 5.04 A A 

 

 

 

Sample5  

(soil) 

228Ac 32.4 1.6 33.0 1.5 4.55 1.85 0.27 1.02 A 6.71 A A 

241Am 1.78 0.1 0.8 0.03 3.75 -55.06 -9.39 0.45 N* 6.75 N N 

137Cs 118.6 2.9 128.3 6.2 4.83 8.18 1.42 1.08 A 5.42 A A 

40K 207.7 8.3 215.3 11.0 5.11 3.66 0.55 1.04 A 6.49 A A 

210Pb 595.0 19 372.0 14.2 3.82 -37.48 -9.40 0.63 N 4.98 N N 

212Pb 31.0 1.2 38.5 2.0 5.19 24.19 3.22 1.24 N 6.48 N N 

208Tl 11.5 0.6 36.3 2.0 5.51 215.65 11.88 3.16 N 7.59 N N 

 

* Lab. Value : Our results 

*A : means the value is accepted by IAEA. 

* N : not accepted 
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DISCUSSION 

 

 As shown in figures (2,3&4 ) the calculated activities due to the three gamma lines (351.0 ,609  and 

1764.0 keV) are in a good agreement with the certified value and good precision within ±2 except for one 

measurement at 1764.0 keV gamma line where the value lies within ±3 which may be due to the difference 

in counting time.  
 

As the results of proficiency test, all determined radionuclides in three samples (water- hay) are 

accepted while some isotopes in soil samples which determined by gamma spectrometry are not accepted ( 
210Pb, 212Pb, 208Tl). 

 

For 210Pb (46.0 keV, 4.04%) and 214Am (59.54keV, 35.9%) the main reason for deviation in the results 

are the effect of the attenuation of sample matrix which should be taken in consideration.  
 

The measurements and activity calculation of 212Pb (238.3keV;43.3%) and 208Tl (583.3 keV; 84.5% ) 

were carried out in comparison with certified reference materials with 232Th contents and assuming that 

there was a secular equilibrium between 232Th and its daughters. This assumption and comparison lead to 

difference in laboratory Values and IAEA reported values as illustrated in table (3). For reliable and precise 

results in the determination for radionuclides which are not in secular equilibrium between  238U, 232Th and 

their progenies , it is recommended to use certified reference materials with the same isotopic contents for 

calibration of germanium detectors as the required measured isotopes. 

 

CONCLUSION 
 

This paper describes in detailed and clear manner a validation procedure of the analytical technique 

used for the determination of radioactivity contents in environmental samples by gamma spectroscopy. The 

procedure provides the users of gamma spectrometry for radiation analysis with steps required to evaluate 

the major factors affecting the performance of gamma spectrometric measurements. The working protocols 

illustrated the validation of the described gamma procedure for the determination of gamma emitters in 

water, hay and soil samples and described the required modification to avoid the effects arising from 

matrices difference especially in low gamma energies. Shewart Chart for quality control samples illustrates 

the accuracy and precision of the measurements is recommended to provide the users and auditor with clear 

and rapid response to the quality of the measurement. 
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