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ABSTRACT 
 
Radionuclides found in ore extraction waste materials are a great source of concern regarding public health and 
environmental safety. One technique to determine the concentration of substances is high resolution gamma ray 
spectrometry using HPGe. Validating a measurement technique is essential to warrant high levels of quality to 
any scientific work. The Laboratory of Poços de Caldas of the Brazilian Commission for Nuclear Energy 
partakes into a Quality Management System project, seeking Accreditation under ISO/IEC 17025 through the 
validation of techniques of chemical and radiometric analysis of environmental samples from water, soil and 
sediment. The focus of the Radon Laboratory at LAPOC is validation of Ra-226, Ra-228 and Pb-210 
concentration determinations in soil and sediment through a gamma spectrometer system. The stages of this 
validation process included sample reception and preparation, detector calibration and sample analyses. Dried 
samples were sealed in metallic containers and analyzed after radioactive equilibrium between Ra-226 and  
daughters Pb-214 and Bi-214. Gamma spectrometry was performed using CANBERRA HPGe detector and 
gamma spectrum software Genie 2000. The photopeaks used for Ra-226 determination were 609 keV and 1020 
keV of Bi-214 and 351 keV of Pb-214. For the Ra-228 determination a photopeak of 911 keV was used from its 
short half-life daughter Ac-228 (T1/2 = 6.12 h). For Pb-210, the photopeak of 46.5 keV was used, which, due to 
the low energy, self-absorption correction was needed. Parameters such as precision, bias/accuracy, linearity, 
detection limit and uncertainty were evaluated for that purpose. The results have pointed to satisfying results.   
 
Keywords: radionuclides, soil and sediment, gamma spectrometry, methodology validation. 
 
 
 

1. INTRODUCTION 
 
The many natural radionuclides found in soil and sediments are a great source of concern 
regarding public health and environmental safety – an important factor to be considered when 
dealing with ore extraction activities involving radioactive substances and their subsequent 
waste materials.  Today, one of the most widely used techniques to determine the 
concentration of these substances in samples is the technique of high resolution gamma ray 
spectrometry using HPGe.  

Today, validating a measurement or quantification technique is essential to warrant high 
levels of efficiency to any scientific work as well as to attend to standards and references 
established by international organizations and agencies. In this scenario, the establishment of 
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a quality system becomes essential for any institution or industry seeking excellence. Thus, 
the implementation of a quality management system "aggregates value to the certified 
laboratory or organization through the recognition of the excellence level of the analytical 
services provided" as well as "encourages the organization to examine, optimize, standardize 
and implement the culture of continuous improvement of its assays" [1]. 

The Laboratory of Poços de Caldas (LAPOC) of the Brazilian Commission for Nuclear 
Energy (CNEN) partakes into a Quality Management System project, seeking Accreditation 
under the Norm ISO/IEC 17025 through the validation of an array of techniques of chemical 
and radiometric analysis of environmental samples from water, soil and sediment. The 
institution is known for its experience in the analysis of effluents and sediments samples from 
mining ventures as well as proper control of the concentration levels of radioactive species 
found in waste facilities in such way that the requirements of occupational and environmental 
radiological protection can be met. It must be pointed out that the determinations being 
accredited at LAPOC are extremely specific, of which technology and know-how are still 
scarce in Brazil but fundamental in characterization of mineral industry materials [1]. 

The Radon laboratory at LAPOC is the one responsible for validating the radionuclides Ra-
226, Ra-228 and Pb-210 concentration determinations in soil and sediment using a 
spectrometer system. The technique of high resolution gamma spectrometry with 
semiconductor detectors of high purity germanium allows detection of gamma radiation with 
a resolution that allows the separation of the photopic resulting from emissions of the 
radionuclides Ra-226, Ra-228 and Pb-210 [2]. The quantification of these radionuclides 
activity concentrations is performed through the calibration of the detector efficiency as a 
function of the radiation energy. This paper will present the procedures used in order to 
achieve validation for this technique as well as the results obtained. 

 
 

2. METHODOLOGY 
 
The stages of this validation process included reception and preparation of samples, 
calibration of the germanium detector and finally sample analysis. Initially, the dried samples 
were sealed in metallic containers (45mm of height and 83mm of diameter) and analyzed 
after thirty days, sufficient time to reach radioactive equilibrium between Ra-226 and its 
daughters Pb-214 and Bi-214. Gamma spectrometry was carried out using a CANBERRA 
HPGe detector (with a relative efficiency of 20%) and the gamma spectrum analytical 
software Genie 2000. The photopeaks used for Ra-226 determination were 609 keV and 1020 
keV of Bi-214 and 351 keV of Pb-214. For the Ra-228 determination a photopeak of 911 keV 
was used from its short half-life daughter Ac-228 (T1/2 = 6.12 h). For the determination of 
Pb-210, the photopeak of 46.5 keV was used, for which, due to the low energy, self-
absorption correction was needed [2]. As the calibration of the instrument is an essential and 
most important aspect of this method validation, parameters such as precision/repeatability, 
bias/accuracy, linearity/working range, detection limit and measurement uncertainty were 
evaluated in order to achieve that.  
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2.1. Precision 

The first parameter studied was the repeatability, which attests to the reproducibility of the 
analysis, reaching a low standard deviation and producing consistent results. This parameter 
expresses the degree of agreement between the results of successive measurements of a 
measurand carried out under the same conditions of measurement. The tests by the estimate 
of the repeatability must be performed employing the same observer/technician, the same 
measuring instrument, under the same conditions, with a minimum of 5 repetitions of 
analysis [1]. Repeatability is expressed by relative standard deviation:                                                            
 

 

                                                                                                                           (1) 

where 
RSD = relative standard deviation 
s = sample standard deviation 
x = average of the observations obtained 
 
In order to obtain satisfying results, the maximum RSD limit of 20% must not be exceeded. 
For the realization of this test, 2 samples were collected (soil and sediment) from 3 different 
regions (Poço Fundo, Mogi Guaçu and Caldas), each of as representative of a working range 
(low, medium or high – depending on the radionuclide) of the elements to be analyzed. Each 
sample was analyzed 5 times while employing the same technique.  

 

2.2. Bias/Accuracy 

The bias/accuracy assessment must be performed through the use of certified reference 
materials (CRM). In this type of test, the values obtained by the laboratory (mean and 
standard deviation of a series of essays in replicata) must be compared to the values of the 
certified reference material, where the index Z (Z score) or the standard error may be used. 
The Z-index is calculated as expressed by Equation 2: 
 
 
 

                                                                                                                       (2) 
 

where 
Xlab = value obtained by laboratory 
XV = value accepted as true (CRM certificate value) 
s = deflection unit (uncertainty of CRM) 
 
For │Z│ values lower than or equal to 2, the result is satisfactory; for │Z│between 2 and 
lower than or equal to 3, questionable; for │Z│ greater than 3, the result is unsatisfactory. 
If the uncertainty of the result has been calculated and is available, the true value must be 
within the range of uncertainty. When that does not happen, this interval may be 
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underestimated. In these cases the concept of standardized error (En) is employed to evaluate 
the performance, and it can be obtained from Equation 3: 
 
 

                                                                                                            (3) 
 

 
where 
Xlab = value obtained by the laboratory 
XV = value accepted as true (CRM certificate value) 
Ulab = uncertainty of the result obtained 
Uref = uncertainty associated with the value true (value of the CRM) 
 
For │En │ values lower than or equal to 1, the Ulab can be considered appropriate. 
 
To test the bias/accuracy parameter, the laboratory acquired 2 certified reference materials, 
namely: IAEA 385 and IAEA 447. Each sample was analyzed 5 times and the results were 
compared to the values given on their certificates and finally the standardized error (En) 
calculation for each radionuclide was selected as the way to assess the parameter of 
bias/accuracy. 

 

2.3. Linearity/Working Range 

Linearity is obtained when test results are directly proportional to the activity of the analyzed 
radionuclide within a certain range. This parameter may be expressed as the variance of the 
slope of the standard curve’s linear regression. To assess this parameter, analyses may be 
conducted with reference concentrations available to the laboratory, through 3 independent 
measurements along 5 levels on the linear range. The absence of discrepant values for each 
concentration level must be attested through the Grubbs outlier’s test. In this test, the G value 
calculated for each point is compared to the G value of Grubbs. When the calculated G is 
lesser than G of Grubbs, the value is not inconsistent. For α = 0.05 and 3 replicates, this 
critical G value of Grubbs is 1.153 [3]. The test is conducted according to Equation 4: 

 

                                                                                                      (4) 

where 
X = (absorbance) arithmetic average of the group of values for each point 
Xi = (absorbance) value of the replicate 
S = sample standard deviation 
 
After a positive result on Grubbs test, the linear regression can be performed through the 
method of minimum chi square, as the correlation coefficient (r2) must be greater than 0.995. 
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To test this parameter, a cocktail of radionuclides of mass 2,7g (IRD 27L12) containing Ra-
226 (total activity of 1050.42 Bq), Ra-228 (total activity of 442.37 Bq) and Am-241 (total 
activity of 603 Bq) was added to 83,66g of alumina to produce aliquots of different 
concentrations. The mixture was dried under a lamp and disaggregated. Then, more alumina 
was added in order to achieve mass of 1000g. The mixture was transferred to a metal can 
with 7 liter capacity containing 10 steel balls of 1 in diameter to facilitate the homogenization 
process, which was sealed. The mixture was homogenized overnight in adequate equipment. 
After the can opening, the mixture was diluted in 5 aliquots, presented in Table 1. 

 

Table 1: Selected and prepared aliquots 

Concentration (Bq/kg) Prepared Aliquots 
750 225g of stock solution + 75g of alumina 
500 150g of stock solution + 150g of alumina 
250 75g of stock solution + 225g of alumina 
100 30g of stock solution + 270g of alumina 
50 15g of stock solution + 285g of alumina 
25 7,5g of stock solution + 292.5g of alumina 

 

The samples were then sealed in zinc cans of volume of 259.70 cm3, diameter of 83 mm, wall 
thickness of 0.25mm and height of 48 mm. The total masses (sample, can and lid) are 
indicated by Table 2. 

 

Table 2: Total mass of samples 

Aliquot (Bq/kg) Total Mass (g) 
750 787.71 
500 784.82 
250 786.97 
100 784.48 
50 785.89 
25 781.69 

 

 
After sealing the cans, there was a wait of 20 days for equilibrium between radionuclides and 
their daughters to be reached. The samples were analyzed by a period of 86400 seconds. The 
radionuclide Pb-210 was not tested for this parameter, for lack of a liquid certified reference 
material. 
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2.4. Detection Limit 
 
For radiometric assays, the detection is defined as a function of the critical limit (Lc) - a sign 
observed over a level in which the same can be detected by the Analyzer equipment, in 
relation to the background [1]. The Lc is calculated by the software analyzer equipment 
(gamma spectrometer) from measurements of background, according to Equation 5: 
                

                                                                                 (5) 
where 
k = 1.645 for 95% confidence 
σ0 = standard deviation of the background 
µB  = value of the continuous spectrum (counts obtained along the photopic) 
µI  = value of background interference (determined by a separate measure resulting from the 
net area of any activity on the background or contamination) 
σ2B = variance of the background 
σ2I = variance of the interfering background 
 
The detection limit (LD) was calculated from the value of Lc, according to Equation 6: 
 
 
                                                                                                                        (6) 
  
where 
LD = Detection limit 
k = 1.645 for 95% confidence 
Lc = Critical limit 
 
In gamma spectrometry, the term that describes the limit of quantification is described as the 
minimum detectable activity. The minimum detectable activity (MDA) is dependent on the 
conditions adopted for implementation of the measurement (e.g., counting time) and the 
radiochemical characteristics of the system under study (e.g., the value of the decay yield of 
the measurement). This way, the MDA is defined from the application of Equation 7 by the 
analyzer software, which provides the value, from LD, directly along with the measurement 
performed.  

                                                                                          
 

                                                                                               (7) 
 

where  
Tl = real count time in seconds 
ε’ = attenuation factor 
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Y = "yield" of energy under consideration 
V = volume or mass of the sample 
kc = correction factor of decay during the count 
kw = correction factor of the decay from collection to counting time 
Cf = mass or volume (correction factor related to dilution) 
 
 
 

2.5. Measurement Uncertainty 

The calculation of activity concentration uncertainty can be done using the Genie 2000 
spectral analyses software from CANBERRA.  The software employs the following 
algorithms for this task [4]. 

The expanded uncertainty of the activity, σ, is calculated as  σ=kσc(T); where σc(T) is the total 
combined uncertainty and k is the coverage factor.  The k valor depends on the level of 
confidence. For 1 (p=90%) uncertainty, k=1.65 is employed. The total combined 
uncertainty of the activity is calculated as shown on Equation 8: 

                                                   
100

.
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                                                     (8) 

where sys is the defined systematic uncertainty (%) 

 

The combined uncertainty of the activity (σc) is calculated by Equation 9: 
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where 
σR  = user defined random uncertainty (%) 
σS  = uncertainty of the peak area S 
σV  = uncertainty of the sample quantity V 
σy = uncertainty of the branching ratio y  

 

σ´ is the uncertainty of the efficiency, which is defined by Equation 10:  
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where  is the non-attenuation corrected detection efficiency at the peek energy in question, 
σ is its uncertainty, σ (E) is the mass attenuation (in units of cm2/g) at gamma energy E, σ(E) 
is the average sample mass per unit area, and σt is its uncertainty. 

k is the uncertainty of the composite decay correction factor K, which for buildup type 
“None” (that is the case of this proficiency test) is expressed as:  
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The composite decay correction factor itself is as defined as K = KC . KW, where Kc and its 
uncertainty are expressed as: 
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where 
T1/2 = half-time of the nuclide question, and  
tc = the elapsed real clock time during the measurement (in the same time units as T1/2) 
The Kw  and its uncertainty are expressed as: 
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where  
Tw = the elapsed clock time from the time the sample was taken to the beginning of the 
measurement (in the same time units as T1/2). 

In all cases, if the branching ratio uncertainty, σy, and/or the half-life uncertainty, 2/1T  
are not available, they are set to zero. 

 
 

3.   RESULTS 
 

3.1. Precision 

The activities observed in the 5 analysis are presented on Table 3 while the calculated RSD 
values may be observed on Table 4. 

Table 3: Activities of radionuclides measured in soil and sediment samples 

Sample 
replicata 

Pb-210 - Sediment (Bq/kg)   
Sample 
replicata 

Pb-210 - Soil (Bq/kg) 

Low Level Interm Level High Level   Low Level Interm Level High Level 

A  A  A  A  A  A    A  A  A  A  A  A  

1 187.0 15.4 210.1 16.9 391.6 27.9   1 32.6 6.4 58.1 7.3 230.8 17.2 

2 136.0 12.8 212.5 16.5 388.5 28.0   2 31.8 6.0 59.4 7.8 228.4 17.6 

3 158.2 14.2 218.4 16.8 386.6 28.3   3 28.7 7.3 53.9 7.7 220.1 17.1 

4 179.1 15.5 216.1 16.9 385.4 28.5   4 28.9 6.1 58.8 7.8 229.0 17.6 

5 176.2 15.3 207.2 17.0 379.4 27.6   5 31.4 6.4 58.3 7.4 222.8 17.2 

                              

Sample 
replicata 

Ra-226 - Sediment (Bq/kg)   
Sample 
replicata 

Ra-226 - Soil (Bq/kg) 

Low Level Interm Level High Level   Low Level Interm Level High Level 

A  A  A  A  A  A    A  A  A  A  A  A  

1 72.2 3.8 84.0 5.3 148.1 4.9   1 16.4 1.2 26.1 1.7 233.5 6.7 

2 54.8 3.1 94.1 5.7 154.6 5.3   2 17.7 1.3 24.6 1.7 225.5 6.4 

3 56.4 3.1 81.2 5.6 145.2 5.0   3 16.8 1.2 27.2 1.7 233.5 6.5 

4 72.3 3.8 90.6 6.1 158.4 5.4   4 16.1 1.2 26.0 1.7 239.5 6.7 

5 65.4 3.7 89.9 5.6 157.6 5.2   5 16.5 1.2 26.3 1.7 227.0 6.5 
                              

Sample 
replicata 

Ra-228 - Sediment (Bq/kg)   
Sample 
replicata 

Ra-228 - Soil (Bq/kg) 

Low Level Interm Level High Level   Low Level Interm Level High Level 
A  A  A  A  A  A    A  A  A  A  A  A  

1 132.9 9.4 151.1 13.1 188.8 10.4   1 43.3 3.1 61.9 4.6 301.0 19.8 

2 126.8 8.1 125.4 12.5 183.2 10.5   2 36.6 3.1 71.3 4.6 300.8 19.6 

3 106.8 8.8 134.6 13.3 180.7 10.2   3 38.4 3.3 73.1 4.7 307.7 19.5 

4 133.3 10.3 132.8 13.8 190.8 10.8   4 43.1 3.1 67.4 4.9 292.8 19.1 

5 135.2 10.5 123.9 12.4 188.1 10.6   5 39.0 3.3 70.3 4.6 272.3 19.0 
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Table 4: Precision test results (RSD) 

Sample Ra-226 
Concentration Levels Soil Sediment 

Low  3.7% 13% 
Intermediate 3.6% 6% 

High  2.4% 3.8% 
  

Sample Ra-228 
Concentration Levels Soil Sediment 

Low  7.4% 9.2% 
Intermediate 6.4% 8.1% 

High  2.2% 2.3% 
  

Sample Pb-210 
Concentration Levels Soil Sediment 

Low  5.8% 12.2% 
Intermediate 2.8% 2.1% 

High  2.0% 1.2% 
 

Overall, it can be observed that all tests have presented RSD results under the 20% limit, 
attesting good quality results. 

 

3.2. Bias/accuracy and measurement uncertainty 

The results for both parameters can be attested by 5 repeated analysis using 2 certified 
reference materials. The concentration results as well as their uncertainty can be observed on 
Table 5: 

Table 5: Results of reference material analyses: concentration and respective 
uncertainties 

Reference Material IAEA-385 IAEA-447 
Radionuclide Pb-210 Ra-226 Ra-228 Pb-210 Ra-226 Ra-228 
Recommended value  32.9 21.9 32.0 423 24.8 37 
95% C.I./Uncertainty  31.2-35.3 21.6-22.4 31.3-32.5 ± 10 ± 2 ± 2 
Analysis 1 36.9 ± 8.0 21.7 ± 2 21.7 ± 3.5 397 ± 26 22.0 ± 2 39 ± 5 
Analysis 2 37.7 ± 8.6 21.8 ± 2 23.9 ± 3.5 387 ± 29 21.5 ± 2 36 ± 5 
Analysis 3 31.4 ± 8.4 22.4 ± 2 21.9 ± 3.6 401 ± 26 25.9 ± 2 39 ± 6 
Analysis 4 37.4 ± 8.1 21.3 ± 2 29.3 ± 4.7 394 ± 27 22.1 ± 2 38 ± 5 
Analysis 5 36.3 ± 8.1 22.7 ± 2 21.5 ± 3.2 397 ± 25 26.4 ± 1 37 ± 5 
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The use of Equation 3 produced the following results for Standardized Error (En), presented 
on Table 6. 

 

Table 6: Standardized Error (En) for the IAEA-385 and IAEA-447 reference  
material analyses 

 
Certified Reference 

Material 
Standardized Error (En) 

Pb-210 Ra-226 Ra-228 
IAEA 385 0.54 0.29 0.57 
IAEA 447 0.79 0.39 0.32 

 
  
As observed, all (En) values calculated were found to be considerably lower than 1. 
 
 

3.3. Linearity/Working Range 

Table 7 presents the theoretical (ideal) and experimental concentrations obtained for Ra-226 
and Ra-228, through 3 replicates. 
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Table 7: Concentrations for Ra-226 and Ra-228 

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
25 Bq/kg 

26.30 ± 0.85 
11.30 Bq/kg 

8.58 ± 1.74 
2 24.31 ± 0.83 6.15 ± 1.72 
3 26.86 ± 0.82 7.18 ± 1.72 

     

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
50 Bq/kg 

49.44 ± 1.08 
22.05 Bq/kg 

17.68 ± 1.86 
2 48.26 ± 1. 07 17.07 ± 1.90 
3 46.06 ± 1.05 18.58 ± 1.91 

     

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
100 Bq/kg 

95.21 ± 1.57 
44.10 Bq/kg 

39.53 ± 2.26 
2 93.15 ± 1.52 37.84 ± 2.25 
3 91.24 ± 1.50 33.79 ± 2.13 

     

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
250 Bq/kg 

236.66 ± 2.87 
110.25 
Bq/kg 

97.16 ± 3.49 
2 233.51 ± 2.82 94.78 ± 3.41 
3 234.32 ± 2.94 94.58 ± 3.40 

     

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
500 Bq/kg 

472.80 ± 5.09 
220.5 Bq/kg 

197.39 ± 5.95 
2 458.75 ± 5.14 193.98 ± 5.91 
3 463.16 ± 5.06 192.83 ± 5.86 

     

Replicates Ra-226 Ra-228 
Theorethical  Experimental Theorethical  Experimental 

1 
750 Bq/kg 

715.09 ± 7.41 
330.75 
Bq/kg 

295.05 ± 8.55 
2 725.42 ± 7.61 294.36 ± 8.47 
3 723.72 ± 7.38 294.78 ± 8.53 
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The Grubbs test produced the following results given by Table 8. 

Table 8: Calculated G results for each measurement of Ra-226 and Ra-228 

Ra-226 (for 25 Bq/kg)  Ra-228 (for 11.30 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 26.3 0.36  1 8.58 1.05 
2 24.31 1.13  2 6.15 0.95 
3 26.86 0.77  3 7.18 0.1 
       

Ra-226 (for 50 Bq/kg)  Ra-228 (for 22.05 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 49.44 0.89  1 17.68 0.13 
2 48.26 0.2  2 17.07 0.93 
3 46.06 1.08  3 18.58 1.06 
       

Ra-226 (for 100 Bq/kg)  Ra-228 (for 44.10 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 95.21 1.01  1 39.53 0.84 
2 93.15 0.03  2 37.84 0.27 
3 91.24 0.99  3 33.79 1.11 
       

Ra-226 (for 250 Bq/kg)  Ra-228 (for 110.25 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 236.66 1.12  1 97.16 1.15 
2 233.51 0.81  2 94.78 0.51 
3 234.32 0.31  3 94.58 0.65 
       

Ra-226 (for 500 Bq/kg)  Ra-228 (for 220.50 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 472.8 1.1  1 197.39 1.12 
2 458.75 0.86  2 193.98 0.32 
3 463.16 0.24  3 192.83 0.8 
       

Ra-226 (for 750 Bq/kg)  Ra-228 (for 330.75 Bq/kg) 
Replicate (Bq/kg) Calculated G  Replicate (Bq/kg) Calculated G 

1 715.09 1.14  1 295.05 0.92 
2 725.42 0.72  2 294.36 1.06 
3 723.72 0.42  3 294.78 0.14 
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As it can be observed above, all calculated G values are found under the critical G value 
defined for the situation (1.153), thus attesting the absence of outliers and consequently 
inconsistent values. 

After performing the linear regression, the r2 curve values for each measurement were 
produced as observed on Table 9. 

 

Table 9:  r2 curve values results from linear regressions of Ra-226 and Ra-228 

Linear Regression - Coefficient Correlations 
Ra-226 Ra-228 

Replicates r2 Replicates r2 
curve 1 1.0000 curve 1 0.9999 
curve 2 0.9990 curve 2 0.9998 
curve 3 0.9994 curve 3 0.9997 

 

Here all curves point to r2 values greater than the minimum required (0.995). 

 

3.4. Detection Limit 

The detection limit values calculated for each radionuclide are presented in Table 10. It can 
be observed that the MDA for Ra-228 is three times the value of Ra-226, due to the 
radionuclide’s yield.  

 

Table 10: Detection limit values 

Radionuclide Pb-210 Ra-226 Ra-228 
Detection Limit (Bq/kg) 20 5 15 

 

 

4. CONCLUSION 

Some conclusions can be obtained from the results of the investigations carried out so far. 
Concerning the parameter precision, the quite low RSD results (all considerably under 20%) 
indicate highly satisfying results. The same may be said for bias/accuracy, where all 
standardized errors are found under the maximum value of 1. Regarding the parameter of 
linearity, the Grubbs test (which resulted in values lower than the critical G) and the curves 
produced on the linear regression are also in accordance to the method validation 
requirements. Overall, the positive results produced by all tests point to the right direction 
towards a successful method validation process. 



INAC 2013, Recife, PE, Brazil. 
 

 

The analysis of Ra-226, through their children Bi-214 and Pb-214, although presenting the 
advantages of high specificity and low MDA, possesses a sample containment constraint to 
ensure the secular equilibrium in this decay chain. Such condition was only possible using a 
metallic container.  

The determination of Pb-210 features as a major challenge the high sample absorption 
correction, which depending on the density and thickness of the sample, can be greater than 
100% the original concentration. 

The measurement of Ra-228, using the photopics of its daughter Ac-228, features high 
selectivity. However, due to the yield of this radionuclide, the MDA is three times the value 
the observed for Ra-226. 
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