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ABSTRACT 
 

The seasoning are vegetables substances used in foods to enhance their flavor, aroma and color. This work presents 

an investigation of the activity concentration of Naturally Occurring Radioactive Materials (NORMs) in 28 

samples of seasoning utilized by brazilian population. The seasoning samples were measured using gamma 

spectroscopy technique with a high-purity germanium (HPGe) detector, a non-destructive nuclear method and 

with the LabSOCS software for the calculation of the efficiency curve. The analysis shows that the activity 

concentration of 
40K was measured in all samples and ranges from 21.0 Bq/kg to 1288 Bq/kg. The highest 

concentration activity of 
40K was measured to cheiro verde, a local seasoning made of chives (Allium 

Schoenoprasum) and parsley (Petroselinum Crispum), while annatto, made with the fruit of Bixa Orelhana, had 

the lowest activity concentration. Brazil nut (Bertholletia Excelsa) presented the highest concentrations for 
226Ra 

and 
228Ra with 24 Bq/kg and 25.7 Bq/kg, respectively and black pepper (Piper Nigrum) presented the highest 

concentration for 
224Ra with 33.9 Bq/kg. The highest effective dose for members of the public due to ingestion 

was 23.5 µSv/y due to brazil nut and the lowest effective dose was found for annatto: 0.13 µSv/y. The syrian 

seasoning sample present specific concentration of 6.1 ± 1.1 Bq/kg for 
137Cs and 0.08 µSv/y of effective dose. 

The values found in this work do not represent a risk to human health. 

 

 

1. INTRODUCTION 

 

Rio de Janeiro city is the second most populous city in Brazil with almost 7 million inhabitants, 

the local trade offers a great diversity of foods and seasonings, national and 

imported.Seasonings are vegetables substances used in foods to enhance their flavor, aroma 

and color, they are used worldwide, some in common use as salt and sugar and others used 

locally as cheiro verde a mixture of chives (Allium Schoenoprasum) and parsley (Petroselinum 

Crispum) used in Rio de Janeiro, Brazil. 

 

According to the International Food Safety Authorities Network [1], plants used as food 

commonly have 40K, 232Th and 238U and their progenies. In a variety of concentrations, 

Naturally Occurring Radioactive Materials (NORMs) have always been present in every part 

of the earth and in the tissue of all living beings. Natural radionuclides such as 238U, 232Th 

and 40K can be found almost everywhere; in soil, waterand atmosphere thereby subjecting 
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human beings to a daily exposure. The 40K is responsible for about 60% of the total annual 

effective dose due to ingestion [2]. It is, therefore, a radionuclide of relevance both in the 

environmental point of view and radiological protection [3]. 

 

Gamma-ray spectrometry using high-purity germanium (HPGe) detectors is a widely used 

procedure in determining the concentrations of natural and artificial radio-nuclides in 

environmental samples. As a nondestructive technique, this method possesses advantages in 

multi-element analysis, simplified sample preparation (i.e., does not require any chemical 

separation process), and applicability for precise quantitative determination of the radioactive 

content in a sample. The most accurate method to determine the activity of each radionuclide 

is to use an adequate standard source with very similar geometrical dimensions, density, and 

chemical compositions to the sample under study. However, the preparation of special 

standards for each case is a time consuming process [4]. 

 

This study aims to determine the specific activities of the radionuclides 226Ra, 228Ra, 224Ra and 

𝐾 
40  in some samples of seasoning obtained in Rio de Janeiro City, in Brazil, using a hyper 

pure germanium detector (HPGe) and the LabSOCS software for the calculation of self-

attenuation correction. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Sample Analyses 

 

The samples of seasoning analyzed were acquired in informal street commerce of Rio de 

Janeiro city, Brazil. The samples analyzed are listed in Table 1 along withtheir botanical names 

and the form in which they were analyzed. The samples were sealed in 200 ml polystyrene 

pots, to reach the secular radioactive equilibrium condition (45 days). The non-homogeneous 

samples were processed and then sieved in a 16 mesh screen to be homogeneous for the proper 

use of the LabSOCS software to correct the efficiency curve due to the process of self-

attenuation of the photons in the sample. The Malagueta pepper was processed was processed 

along the oil that was being preserved. 

 

Were also analyzed honey (liquid), chicken broth powder, syrian seasoning also called bahar 

(powder), curry (powder), chilli (dry), chimichurri (dry) and cheiro verde (dry). Chimuchurri 

is a seasoning of South American origin, tradicional of Argentina and Uruguay, is used for 

meats, curry is from India, syrian seasoning (bahar) is from Syrian, cheiro verde is from 

Brazil and chilli is a mixture of peppers. 
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Table 1:  Samples, their analyzed forms and their botanical names. 

 

Samples Analyzed form Botanical names 

Annatto Powder Bixa orelhana 

Malagueta pepper Liquid Capsicum frutescens 

Cinnamon  Powder Cinnamomum verum 

Walnut In natura Juglans regia L 

Coriander in powder  Powder Coriandrum sativum 

Cashew nut In natura Anacardium occidentale 

Brazil nut In natura Bertholletia excelsa 

Peanut In natura Arachis hypogaea L 

Bay laurel in powder Powder Laurus nobilis 

Dehydrated Garlic  Powder Allium sativum 

Ginseng Powder Panax araliaceae 

Ginger in powder Powder Zingiber officinale 

Rosemary In natura Rosmarinus officinalis 

Spicy Paprika  Powder Capsicum annuum 

Oregano Dry Origanum vulgare 

Cumin  Powder Cuminum cymimum 

Black pepper Powder Piper nigrum 

Cacao pod Powder Theobroma cacao 

Turmeric Powder Curcuma longa 

Basil Dry Ocimum basilicum 

Parsley Dry Petroselinum crispum 

 

 

2.2 Gamma Spectrometer 

 

Radiation spectra were acquired with a HPGe detector from Canberra, model GC3020, with 

relative efficiency of 30%, and a shield of the same brand, model 747E. The counting time 

used for sample spectrum acquisition was 28800 seconds. Energy calibration was performed 

using three radioactive sources totaling five experimental points corresponding to the peaks of 
137Cs (0.6617 MeV), 60Co (1.17 and 1.33 MeV) and 152Eu (0.1218 and 0.3443 MeV).  

 

The multichannel system used was DSA 1000 (Digital Spectrum Analyzer), with 8192 

channels, with energy range from 50 keV to 2 MeV. Installed on Laboratory of Environmental 

Analysis and Computational Simulation from Nuclear Engeeniring Department of the Federal 

University of Rio de Janeiro (LAASC/PEN/COPPE/UFRJ). 

 

To ensure the quality of the analysis a certified reference material of soil (089/ERA) tracked 

by National Institute of (NIST) was used to generate the detection efficiency curve of the 

measurement system of this study, several energies were considered, including the energies 

used by the present methodology. The correction by self-attenuation of the photons in the 

samples due to the different density values of the samples was performed by the LabSOCS 

software.  
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The activities concentrations and respective uncertainties were determined according to the 

statistical uncertainties of the peak areas provided by the Genie2000 software. The measure of 

the specific activity and minimum detectable activity (MDA), based on Currie’s derivation, 

were used equations 1 and 2, respectively. 

 

𝐴𝑒𝑠𝑝 =  
𝑁𝐿

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

 

𝑀𝐷𝐴 =
2.71 + 4.66 · 𝜎

𝑃𝛾 · 𝑡(𝑠) · 𝑚(𝑘𝑔) · 𝜀
                                                    (2) 

 

Where 𝐴𝑒𝑠𝑝 is the specific activity, σ is the standard deviation of the count in the background 

spectrum, 𝑁𝐿is the net area under the photo peak, m is the mass of the sample, ε is counting 

efficiency for a specific energy (γ), 𝑃𝛾 is the probability of emission of the measured gamma-

ray (γ) and t is counting time. 
 

The specific activity of 224Ra was determined using the 238.6 keV energy of 212Pb gamma 

radiation. The specific activity of 228Ra was measured using the 911.1 keV energy of 228Ac. 

The specific activity of 226Ra was determined using the 1120.3 keV energy of 214Bi. The 

specific activity of 40K was determined using its emission line 1460.8 keV. 

 

 

2.3 Self-attenuation correction 

 

The LabSOCS software calculates the approximate detection efficiency curve and depending 

on the age of the detection system the simulated detection efficiency curve presents a gap in 

relation to the experimental detection efficiency curve, then the use of reference material is 

required to validate the Software, this equates to the classical methodology used in gamma 

spectrometry that consists of using reference materials to calculate the specific activities with 

the benefit of the software making the correction by self-attenuation for each sample. 

  

The LabSOCS software makes mathematical calibrations in detection efficiency, this software 

includes a characterized detector and computational algorithms to make the correction of self-

attenuation of the photons in the sample, using Monte Carlo code (MCNP) [5].In the efficiency 

curve generation using the LabSOCS, the materials was simulated using the Geometry 

Composer feature of Canberra’s Genie™ 2000 software package, the material of the pot was 

simulated for polystyrene with a density of 1.06 g/cc, chemical composition of H (7.74%) and 

C (92.26%), software database file.The reference material (soil, density of 1.41 g/cc) was 

simulated with a chemical composition based on the twelve most common chemical elements 

in the earth's crust, adapted by[6]: O (47%), Al (8.13%), Si (27.96%), K (2.59%), Fe (5%), Ca 

(3.63%), Na (2.83), Mg (2.09%), Ti (0.44%), H (0.14%), P (0.1%) and Mn (0.09%).The 

simulated geometry is 200 ml in volume and the reference material was weighed to know 

exactly how much material was in the pot, then the efficiency curve was generated already with 

the self-attenuation correction. 

 

Then the gamma radiation spectra of the reference material were generatedby the gamma 

spectrometry system installed in the LAASC. This procedure was also done in LGI (Laboratory 

of Gamma Spectrometry/IRD/CNEN) with the aim to verify the existence of differences between 

the certificate and the reference material and also to validate the detection system. The LGI is 
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tracked by LNMRI (Brazilian Laboratory of Metrology of Ionizing Radiations/IRD/CNEN), that 

is tracked by Bureau International des Poids et Measures (BIPM), and has reached a good 

performance in intercomparision exercises with the MAPEP (Radiological and Environmental 

Science Laboratory Mixed Analyze Performance Evaluation Program) conducted by the USDOE. 

Based on the activity concentration values found in the LAASC, by the LGI and presented in the 

certificate of the reference material, the correction factors were created. The LGI used six detectors, 

three counts of 60000s per detector, the results are shown in the Table 2. 

 

 

Table 2:  Comparison of specific activities measured by LAASC and the LGI, and 

correction factors for use of LabSOCS software. 

 𝐾 
40  𝑅𝑎 

226  𝑅𝑎 
228  𝑅𝑎 

224  

LAASC 341 ± 13 36.5 ± 1.5 41.1 ± 2.1 34.3 ± 1.8 

LGI 380 ± 25 39.6 ± 2.6 43.5 ± 3.0 41.5 ± 2.0 

Certificate file 381 ± 19 77.4 ± 3.8 46.6 ± 2.3 45.7 ± 1.8 

Correction Factor 0.90 0.93 0.92 0.83 

 

An average correction factor was set for each energy used for this specific geometry. The 

LabSOCS software makes the corrections by self-attenuation when it simulates each sample 

density, and the correction factors validate the software. 

 

 

3. RESULTS AND DISCUSSIONS 

 

The 28 seasoning samples were analyzed by gamma spectroscopy and the result is shown in 

Table 3. All samples presented values of specific activity above the minimum detectable 

activity (MDA) for 40K due to potassium be an essential element for the development of plants. 

One sample presented value above the MDA for 226Ra and eight samples presented values 

above the MDA for 228Ra and 224Ra, that is according to the results found in soils and plants in 

Brazil, which indicate a higher concentration of 232Th than 238U [7]. 

 

The malagueta pepper was processed along with the oil which was preserved. The most 

consumed oil in Brazil is soybean oil which was also analyzed in the LAASC/UFRJ and the 

specific concentration for 40K was below the minimum detectable activity (<MDA). 

 

Cheiro verde (mix of parsley and chives) and parsley presented the highest specific activities 

of 𝐾 
40 . As the ratio of the mixture of parsley and chive in cheiro verde is not know has no way 

to estimate the specific activity of the 40K for the chive. 
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Table 3:  Activity concentration of seasonings in Bq/kg 

 

Samples 𝐾 
40  𝑅𝑎 

226  𝑅𝑎 
228  𝑅𝑎 

224  

Annatto 21.0 ± 7.1 - <3.2 - 

Chicken broth powder 21.8 ± 5.8 - - - 

Honey 24.0 ± 4.7 - - <1.0 

Malagueta pepper 55.2 ± 7.4 - <3.1 - 

Cinnamon 129 ± 16 - <6.2 2.9 ± 1.6 

Walnut 136 ± 13 - - - 

Coriander in powder 156 ± 13 - 5.5 ± 1.0 <2.0 

Cashew nut 191 ± 13 - - - 

Brazil nut 195 ± 11 24.0 ± 2.8 25.7 ± 1.7 13.3 ± 1.3 

Peanut 205 ± 12 - <2.9 <1.3 

Bay laurel in powder 218 ± 18 - - <2.8 

Dehydrated Garlic 346 ± 19 - <3.6 - 

Ginseng 366 ± 22 - <5.2 <6.5 

Syrian seasoning (bahar) 377 ± 22 - 5.6 ± 1.4 7.7 ± 1.5 

Ginger in powder 379 ± 21 -  <2.0 

Rosemary 380 ± 28 <16.2 9.4 ± 2.3 <4.0 

Curry 442 ± 22 - <0.41 <1.9 

Spicy Paprika 453 ± 23 - <4.5 - 

Chilli 508 ± 27 - - <2.6 

Oregano 520 ± 48 - <15.9 <7.2 

Cumin 532 ± 27 - 7.5 ± 1.6 5.8 ± 0.9 

Chumichurri 627 ± 35 - <8.6 5.3 ± 2.3 

Black pepper 702 ± 33 - 22.7 ± 2.2 33.9 ± 3.2 

Cacao pod 866 ± 30 - 9.0 ± 1.5 <2.1 

Turmeric 890 ± 30 - - 2.1 ± 1.2 

Basil 983 ± 56 - <11.7 <5.3 

Parsley 1177 ± 69 - 13.2 ± 4.2 6.3 ± 3.8 

Cheiro verde 1288 ± 65 - - 5.7 ± 3.0 

 

The syrian seasoning (bahar) presented a specific concentration of (6.1 ± 1.1) Bq/kg for the 

man-made Cs 
137 .  

 

The average specific concentration found for 40K by [8] for Brazil nut was (225 ± 59) Bq/kg. 

For 226Ra [8] found (44 ± 14) Bq/kg, [9] found (104 ± 14) Bq/kg and [10] found (23. ±1.7) 

Bq/kg. For 228Ra [8] found (153 ± 51) Bq/kg, [9] found (99 ± 16) Bq/kg and [10] found (24 ±
3) Bq/kg and for 224Ra [9] found (15.8 ± 3.2) Bq/kg and [10] found (9.8 ± 1) Bq/kg, in 

agreement with this work. 

 

In the study conducted by [11] for medicinal plants, the average specific concentration found 

for 40K in cinnamon plants (Cinnamomum Zeylanicus) was 240 Bq/kg, plants of the same genus 

but different species and similar value to that was found in this study. For pepper (Capsicum 

FR) was found 793 Bq/kg, a value greater than that found in this work for malagueta pepper 

(Capsicum Frutescens) and for the paprika pepper (Capsicum Annuum), plants of the same 
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genus and different species. For the 226Ra the value found was 16.6 Bq/kg for cinnamon and 

3.2 Bq/kg for pepper. 

 

Based on the specific activity conversion factors to annual effective dose due to ingestion to 

members of the public (adults) tabulated in Publication ICRP 119 (2012), the effective doses 

of the seasonings were calculated considering the consumption of 1kg and the results are shown 

in Table 4.   

 

 

Table 4: Effective dose for ingestion for members of the public in µSv/y 

Samples 𝐾 
40  𝑅𝑎 

226  𝑅𝑎 
228  𝑅𝑎 

224  Total effective dose 

Annatto 0.13 - - - 0.13 

Chicken broth powder 0.14 - - - 0.14 

Honey 0.15 - - - 0.15 

Malagueta pepper 0.34 - - - 0.34 

Cinnamon 0.80 - - 0.19 0.99 

Walnut 0.84 - - - 0.84 

Coriander in powder 0.97 - 3.80 - 4.76 

Cashew Nut 1.18 - - - 1.18 

Brazil Nut 1.21 6.72 17.73 0.86 26.53 

Peanut 1.27 - - - 5.81 

Bay Laurel in powder 1.35 - - - 1.35 

Dehydrated Garlic 2.15 - - - 2.15 

Ginseng 2.27 - -  2.27 

Syrian seasoning (bahar) 2.34 - 3.86 0.50 6.70 

Ginger in powder 2.35 -   2.35 

Rosemary 2.36 - 6.49 - 8.84 

Curry 2.74 - - - 2.74 

Spicy Paprika 2.81 - - - 2.81 

Chilli 3.15 - - - 3.15 

Oregano 3.22 - - - 3.22 

Cumin 3.30 - 5.18 0.38 8.85 

Chumichurri 3.89 -  0.34 4.23 

Black pepper 4.35 - 15.66 2.20 22.22 

Cacao pod 5.37 - 6.21 - 11.58 

Turmeric 5.52 - - 0.14 5.65 

Basil 6.09 - - - 6.09 

Parsley 7.30 - 9.11 0.41 16.81 

Cheiro verde 7.99 - - 0.37 8.36 

 

 

Cheiro verde sample (mix of parsley and chives) and parsley sample presented the highest 

specific activities of 𝐾 
40  but not presented the highest effective doses because the contribution 

of the radio element in the effective dose is greater than that of the potassium element. 

 

According to [2] the annual global effective dose due to natural radiation sources is 2.4 mSv, 

of this total 0.29 mSv is due to ingestion. The most radioactive seasoning analyzed in this study 

was brazil nut whose intake of 11 kg is enough to reach the effective annual dose due to 
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ingestion. Still according to [2] the effective dose due to atmospheric nuclear testing and to 

Chernobyl accident is 7µSv/y and the effective dose due to Cs 
137  found in syrian seasoning is 

0.08 µSv/y. 

 

“The concentrations of naturally occurring radionuclides in foods vary widely because of 

differences in the background levels in soil, the climate and the agricultural conditions that 

prevail. There are also differences in the types of local food included in categories such as 

vegetables, fruits and fish. It is therefore difficult to select reference values from the wide 

ranges of concentrations reported”[2]. Therefore, it is important to analyze the effective dose 

levels in the foods consumed, to create a local database and to use this data to discuss the 

biological effects at low dose rates, to characterize a region by the effective dose level since 

This varies from region to region, and to measure the increase in dose levels due to human 

action, from nuclear testing to the application of fertilizers in agriculture. 

 

 

4. CONCLUSIONS  

 

The highest specific activities found was of 1288 ± 65 Bq/kg for cheiro verde, a local 

seasoning made of chives (Allium Schoenoprasum) and parsley (Petroselinum Crispum), 

for 𝐾 
40   and all samples presented values for 𝐾 

40 . 

 

The highest effective dose was found in brazil nut sample with 26.53 µSv/y. 

 

The values found in this work do not represent a risk to human health. 
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