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ABSTRACT 

 
The use of fertilizer is an established practice worldwide to promote agricultural productivity increased without 

increasing the planted area, resulting in native forests protection and increase of the food availability. Some kinds 

of fertilizer have in their chemical composition some radionuclides due the origin of its feedstock, such as 238U, 

the 232Th, and their descendants, beyond 40K. Knowledge of the radioactivity levels in the environment is great 

importance to know the gamma radiation dose that the human being is exposed. For identification and quantitation 

of radionuclides, it was used gamma spectrometry where HPGe detector was used to obtain the spectra, and 

LabSOCS software for calculating the detection efficiency for each energy. The values of 232Th specific 

concentrations ranged from 4.1 to 368.1 Bq.Kg-1, the values of 238U specific concentrations ranged from 16.0 to 

647.7 Bq.Kg-1 and 40K specific concentrations ranged from 19.1 to 12713 Bq.Kg-1. Concentrations of values are 

consistent with those found in literature. 
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1. INTRODUCTION 

 

Agriculture is one of the sectors that has most contributed to the growth of Brazilian economy. 

Consequently, the search for tools and techniques to increase the production of different crops, 

such as the use of fertilizers, has been one of the major goals of modern agriculture. However, 

fertilizers contain natural radioactive elements and its use can increase radionuclide 

concentration in soils that receive this treatment. Therefore, analyzing radionuclides in 

fertilizers should be a common practice in order to suggest radiological protective actions when 

appropriate.  

 

It is known that chemical fertilizers, mainly phosphate fertilizers, contain variable levels of 

uranium and thorium and products from their radioactive decay, which contributes to the 

increase of natural radionuclide content in vegetables, causing an increase of the dose to which 

consumers are exposed [1]. 
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Currently, several techniques are employed to assess radionuclide concentration. Gamma 

spectrometry has become an excellent alternative for radionuclide analysis in environmental 

samples. This radioanalytical technique is widespread and used in most laboratories that certify 

radionuclide concentration in several types of samples [2]. 

 

The most commonly used detectors in gamma spectrometry are the solid-state inorganic type 

and semiconductors. These detectors allow to obtain information and conclusions on the levels 

of ionizing radiation present in matter. With the measures performed by these detectors, it is 

possible to calculate the concentration of radionuclides present in a sample, estimating the 

radioprotection parameters responsible for guaranteeing the ALARA principle that establishes 

the necessary conditions to protect men from the harmful effects caused by ionizing radiation 

[3]. 

 

The main objective of this study is to use gamma spectrometry to determine the specific 

concentrations of 238U, 232Th and 40K in samples of mineral fertilizers. A secondary objective 

is to compare the results obtained with literature data, aiming at generating a database that 

supplies information for the safe use of fertilizers as far as radiological protection is concerned. 

 

2. MATERIALS AND METHODS 

2.1. Gamma spectrometer 

 

Table 1 shows the main characteristics of the High-purity Germanium detector (HPGe) used in 

this study for the acquisition of the gamma radiation energy spectrum. 

 

Table 1. HPGe characteristics 

Manufacturer Camberra 

Model GC3020 

Relative efficiency 30% 

Resolution (1332 KeV) 1,808 KeV 

Crystal diameter 62 mm 

Crystal height 40 mm 

Pre-amplifier (model) 2002CSL 

Cryostat (model) 7500SL-RDC-4 

Voltage used 4,5 KV 

 

It was used the model 747 shield manufactured by Canberra, which has 10 cm of low-

background lead and the inner surface coated  with 1 mm tin liner, which is also coated with 

1.6 mm copper liner. The exterior of the shield is coated with 9.5 mm of steel with low carbon 

percent. This shield has a cavity with 27.9 cm internal diameter and 40.6 cm depth that can 

accommodate up to 4L Marinelli beakers. The multichannel system used was DSA 1000 

(Digital Spectrum Analyzer), with 8192 channels, with energy range from 50 KeV to 2 MeV 

(Fig. 1). 

 

Energy calibration was performed with the aid of the Gamma Analysis software from  Genie 

2K, using certified radioactive sources, totaling five experimental points which corresponded 

to the 137Cs (0,6617 MeV), 60Co (1,17 and 1,33 MeV) and 152Eu (0,1218 and 0,3443 MeV) 

peaks. 
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Figure 1. Acquisition system used 

 

2.2.  Detection efficiency 

 

Detection efficiency for each energy was determined using the LabSOCS software. For this 

purpose, the geometry used was drawn in computational environment entering the physical, 

chemical and geometric characteristics of the beaker, the detector and the sample under 

analysis. After entering the data, the software simulates the efficiency values for each energy, 

the minimum detectable activity (MDA) values, as well as the values of self-attenuation 

coefficient of the photons emitted by the sample.  Fig. 2 shows a typical efficiency curve 

generated in the LabSOCS software for a High-purity Germanium detector (HPGe). 

 

 
Figure 2: Typical efficiency curve for an HPGe detector obtained with the Genie 2K 

software 

2.3. Sample analysis. 

 

A sample holder of low radioactive background polypropylene and volume of 0.5L, with cap 

sealed with adhesive glue and tape was used in the present study. Sample counting time was 

eight hours. The mass of the samples was determined with a Gehaka scale, model BG 4000, 

accurate to hundredths of a gram (Fig. 3). 
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Figura 3. (A) shows the scale, and (b) shows the sample holder used in this work. 

 

The samples were carefully handled, avoiding contamination during transfer from the original 

package to the sample holder. Then the cap was sealed with hot glue and crepe adhesive tape. 

The samples were let stand for more than thirty days to reach secular equilibrium [4].  

 

The count time (live time) used to obtain the background and sample activity spectra was 8 

hours. The background spectra were subtracted from the raw spectra with the aid of the Genie 

2K software. To assess 238U and 232Th specific concentration, the energies 911.1 KeV of 228Ac 

and 1764.0 KeV of 214Bi were respectively used.  To assess the 40K specific concentration, its 

own decay energy of 1460.8 KeV was used. 

 

3. RESULTS AND DISCUSSION 

 

In the case of dealing with low-level radiation measurements, it is indispensable to set a limit 

of detection for each energy. The calculation of the minimum detectable activity per sample 

unit of mass, for a given radionuclide, with a 95% confidence level, is usually based on the 

Currie derivation, and it is in agreement with  ISO 11929 and  ISO 10703 regulations. The 

formula used for calculating MDA (Minimum Detectable Activity) is presented in Equation 1: 

 

𝑴𝑫𝑨(𝑩𝒒/𝒌𝒈) =
𝟐,𝟕𝟏+𝟒,𝟔𝟔∙𝝈

𝑷𝜸∙𝒕(𝒔)∙𝒎(𝒌𝒈)∙𝜺
                                             (1) 

 

Where σ is the standard deviation of the background area measured during a period of time t, 

m is the sample mass, 𝑃𝛾  is the probability of radioactive decay for a given energy, and ε is the 

detection efficiency for this energy. The maximum, mean and minimum values of the MDAs 

obtained in this study are shown in table 2: 

 

Table 2: MDA maximum, minimum and mean values obtained in the current study 

 
MDA (𝐵𝑞 ∙ 𝑘𝑔−1) 

𝐾 
40  𝐴𝑐 

282  𝐵𝑖 
214  

Minimum 3,1 0,6 1,7 

Maximum 4,4 0,9 2,5 

Mean 3,7 0,7 2,1 

The MDA values obtained in this study are directly related to the sample counting time. A 

longer counting time would result on a smaller standard deviation in the background area. 
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Table 3 shows the activity values of the two phosphate fertilizer samples studied. Due to the 

fact that 228Ac has  1% emission probability in the energy of 1459.2 KeV, which is very close 

to the 40K energy of 1460,8 keV (10,67%), it was necessary to correct the potassium 

concentration. The methodology proposed by Lavi et al. [5] was adopted, as shown in equation 

2: 

 

𝐾 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛40 =
1

𝑃𝛾
⁄

𝐾
𝐴𝑐⁄

      (2) 

 

Where  𝑃𝛾 is  40K gamma emission probability and 𝐾 𝐴𝑐⁄   is the ratio between  potassium and 

actinium concentrations. The corrected concentration value, then, was calculated based on 

equation 3: 

 

𝐾40
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝐾40

𝑛𝑜 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 − 𝐾40
𝑛𝑜 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 ∙ 𝐾40 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛     (3) 

 

This correction in 40K specific concentration was used when the 228Ac specific concentrations 

surpassed 40K specific concentrations. Later, the corrected value was only considered in the 

cases in which the correction value surpassed the margins of error of 40K specific 

concentrations. 

 

Table 3. Phosphate fertilizers 

Samples 
Concentration (𝐵𝑞 ∙ 𝑘𝑔−1) 

𝐾 
40  𝐴𝑐 

228  𝐵𝑖 
214  

1 19,1 ± 3,6 442,2 ± 19,9 336,2 ± 14,2 

2 23,8 ± 5,4 647,7 ± 29,0 368,1 ± 15,6 

 

Table 4 shows the specific concentrations of the 4 phosphate fertilizer samples analyzed in this 

study. 

 

Table 4. Phosphate fertilizer samples 

Samples 
Concentration (𝐵𝑞 ∙ 𝑘𝑔−1) 

𝐾 
40  𝐴𝑐 

282  𝐵𝑖 
214  

1 2418,1 ± 98,1 * * 

2 10947,8 ± 438,9 * * 

3 11270,0 ± 451,6 * * 

4 12713,0 ± 509,4 * 4,2 ± 0,6 
* Values below  MDA 

 

High potassium concentrations are justified by the raw material of the samples. For example, 

sample 2 and sample 4 are composed of potassium sulfate and potassium chloride, respectively. 

In these samples, it is possible to notice that the 228Ac concentrations were below the MDA and 
214Bi only appears in one of the measurements. Table 5 shows values of the specific 

concentration of 40K found by some authors in potassium fertilizers. 
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Table 5. Literature values for 40K specific concentrations. 

Concentration (𝐵𝑞 ∙ 𝑘𝑔−1) References 

3910 ± 10 [6] 

5800 ± 300 [7] 

12068,2 ± 1898,3 [8] 

16476 ± 820 [9] 

 

Table 6 shows the specific concentrations of the 8 NPK-type fertilizer samples analyzed in this 

study. 

 

Table 6.  NPK- type fertilizer samples 

Samples NPK 
Concentration (𝐵𝑞 ∙ 𝑘𝑔−1) 

𝐾 
40  𝐴𝑐 

228  𝐵𝑖 
214  

1 10.10.10 1853,1 ± 75,1 16,0 ± 1,2 7,3 ± 1,1 

2 10.10.10 1931,7 ± 78,4 88,5 ± 4,3 234,0 ± 10,2 

3 10.10.10 2330,4 ± 94,2 282,8 ± 12,8 145,7 ± 6,7 
4 6.18.12 2812,3 ± 113,6 18,0 ± 1,3 62,7 ± 3,3 
5 20.05.20 3930,5 ± 158,4 78,2 ± 146,8 78,2 ± 4,1 
6 14.07.28 4345,5 ± 175,2 4,4 ± 1,0 15,7 ± 1,4 
7 20.20.20 4630,9 ± 186,5 * 4,1 ± 0,7 
8 14.07.28 6049,8 ± 243,2 * 4,6 ± 0,7 

* Values below  MDA 

 

In two of the samples 228Ac specific concentration was below the MDA. The values obtained 

indicate that it is not reliable to make any statement concerning the radiometric concentrations 

based on  NPK values. Sample 8 has, for example, a bigger 40K specific concentration than 

sample 5. Potassium specific concentration for 10.10.10 samples had a variation of 477 Bq.Kg-

1. Proportionally there is not the same relation for 228Ac and 214Bi. 

 

Table 7 shows a comparison of the variation of 238U (228Ac) and 232Th (214Bi) specific 

concentrations of the current study with other studies in the literature. 

 

Table 7. Comparison of the variation of 238U and 232Th specific concentrations in NPK-

type fertilizers. 

 

 

 

 

 

 

 

4.CONCLUSIONS 

 

The main goal of this study was to determine 238U, 232Th and 40K specific concentration in 

samples of mineral fertilizers by gamma spectrometry. The use of the Genie 2000 software for 

the calculation of the efficiency curve proved to be a reliable technique. The use of HPGe 

detector was adequate for the identification of  gamma emission lines, and thus, it is 

recommended. The values of specific concentration of radionuclides in fertilizers found in this 

Concentration (𝐵𝑞 ∙ 𝑘𝑔−1) 
References 238U 232Th 

75,9 – 370 4,1 – 41,8 [6] 

416,7 – 827,0 14,3 – 38,9 [8] 

40 - 1200 110 – 450 [10] 

4,4 – 282,8 4,1 – 234,0 current study 
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current study are consistent to the values found in the literature, despite some variations. As 

expected, the highest value of 40K specific concentration (12713 Bq.kg-1) was found in a 

fertilizer sample of the potassium type. The highest 238U and 232Th specific concentrations, 

respectively 647,7 Bq.kg-1 and 368,1 Bq.kg-1, were found in the phosphate fertilizer samples. 

It is due to a chemical characteristic of the phosphate rocks, the raw material used in the 

production of this type of fertilizer.  
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