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ABSTRACT 

 
Tea is widely consumed worldwide and it is a drink prepared by infusing with parts of plants such as leaves, 

flowers and roots, usually prepared with hot water, and each variety acquires a defined flavor according to the 

processing used. This work presents an investigation about the specific concentration of 40K in 16 tea samples 

utilized by Brazilian population and the effective dose associated. The tea samples were dried for six hours in an 

oven at 60°C and placed in 200 ml volume polyethylene pots of low radioactive background, weighed with a 

scale model Gehaka BG 4000 and sealed to achieve the secular radioactive equilibrium condition. The teas 

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 

counting time used for sample spectrum acquisition was 30000 seconds. The specific concentration values of 

potassium 40 ranged from 184  ±  56 Bq/kg Lemon Grass (Cymbopogon citrates) to 1087  ±  40 Bq/kg Burdock 

(Arctium lappa), Effective doses ranged from 1.1408 µSv/y by 6.7394 µSv/y. The values presented in this study 

were below the annual average for effective dose for ingestion for adults. 

 

 

1. INTRODUCTION 

 

Tea is a beverage obtained from infusion of specific plants in dry or in natura form. It is an 

ancient drink present in many cultures due to tradition and its health benefits. Between 

several tea consumed in Brazil, chamomile tea is the top of the list, it is estimated that its 

consumption could reach another 1 million cups a day [1]. The plant is of European origin 

and in 2002, Brazil had a harvest of 491 tons [2]. Humanity uses herbs for the treatment of 

diseases. Therefore, the study of radionuclide concentrations in tea has great significance for 

society, since the use of such plants for the treatment of diseases is almost universal in non-

industrialized societies, and usually financially viable.  

 

There are many radionuclides naturally occurring in the environment, including the isotopes 

of uranium and thorium and their decay products, 40K [3]. Among these radionuclides, a 

significant element in these properties is potassium, which is associated with sodium and 

regulates the muscle system function and the cardiac rhythm [4]. Therefore, it is proposed in 

this work the analysis of some samples dried of teas, recognizing its importance for the 

knowledge of the levels of radioactivity that human being is exposed. 
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For 40K measurements, gamma spectrometry technique, an excellent alternative for 

radiometric analysis of environmental samples [5]. This technique ensures sample 

preservation, because it is not a destructive method and, it is possible analyze simultaneous 

samples of different kinds of teas. The objective of this work is to calculate the specific 

activity of potassium 40 in tea samples and calculate the effective dose due to ingestion. 

 

2. MATERIALS AND METHODS 

 

2.1. Sample analysis.  

 

Tea plants used in this work were obtained from in formal street commerce and are listed in 

Table 1amountwiththeirname, botanical name, analyzed parts of the sample and some 

medicinal uses. Samples were obtained already dried, then ground in a manual mill until a 

fine homogeneous powder was obtained, then the samples were fired in a 16 mesh sieve. The 

tea samples were dried for six hours in an oven at 60°C and placed in a 200 ml volume 

polyethylene pots of low radioactive background, weighed with a scale model Gehaka BG 

4000 (Fig.1) and sealed to achieve the secular radioactive equilibrium condition. 

 

 

Figure 1: Shows the scale, and shows the sample holder used in this work. 
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Table 1:  Samples analyzed with their names, botanical names, analyzed parts of the 

sample and their medicinal uses. 

 

Sample Botanical name Analyzed 

part of the 

sample 

Medicinal uses 

 

Lemon Grass 

 

 

Cymbopogon 

citratus 

 

 

 

Leaf 

It is used medicinally as: antibacterial, 

soothing, diuretic, antispasmodic, 

analgesic, expectorant, antidepressant, 

digestive, disinfectant and is a great 

insect repellent. 

 

Espinheira 

Santa 

 

Maytenus 

ilicifolia 

 

Leaf 

It is used medicinally for: stomach 

pains, gastritis, ulcer, heartburn and 

burning. 

 

Boldo 

 

Peumus boldus 

 

Leaf 

It is used medicinally for: Improve the 

functioning of the liver, aid in the 

digestion and functioning of the 

digestive system and reduction of 

heartburn. 

Kill 

 

Ilex 

paraguariensis 

 

Leaf 

It is used medicinally as: Anti-

rheumatic, diuretic, stimulant and 

laxative. 

 

Black Tea Camellia sinensis Leaf Prevents heart disease and improves the 

heart. 

Cow foot 

 

Bauhinia 

forficata 

 

Leaf and 

branches 

It is used medicinally in the treatment 

of diabetes. 

 

Avenca 

 

Adiantum 

capillus-veneris 

 

Leaf and 

branches 

It is very useful in the treatment of 

coughs, colds, flu, bronchial affections 

and hoarseness. 

Saint John's 

herb 

 

Hypericum  

perforatum 

Leaf and 

flower 

It is used medicinally as: Heal wounds 

and Skin ulcers and burns. 

Chamomile 

 

Matricaria 

recutita 

 

Flower 

It is used medically as: Helps calm and 

relax, Relieves stress, Helps relieve 

motion sickness, Relieves menstrual 

cramps, Calms and removes impurities 

from the skin. 

   It is used medicinally in the treatment 

of allergies, tonsillitis, asthma, bitter 
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2.2. Gamma spectrometer  

 

Radiation spectra were acquired with a High-Purity Germanium (HPGe) detector from 

Canberra, model GC3020, with relative efficiency of 30%, and a shield the same brand, 

model 747E. The counting time used for sample spectrum acquisition was 30000 seconds. 

Energy calibration was performed using three radioactive sources totaling five experimental 

points corresponding to the peak 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 of the Federal University of Rio de Janeiro 

(LAASC/PEN/COPPE/UFRJ). 

 

The activities concentrations and respective uncertainties were determined according to the 

statistical uncertainties of the peak areas provided by the Genie 2000 software. The measure 

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

derivation, were used equations 1 and 2, respectively. 

Picão  

Bidens pilosus 

 

Leaf 

mouth, bronchitis, gastroenteritis and 

hepatitis. 

 

Mint 

 

Mentha piperita 

 

Leaf 

It is used medicinally in the treatment 

of colds, to calm and relieve stress. 

 

Guaco 

 

Mikania 

glomerata 

 

Leaf 

It is used medicinally as: Expectorant, 

cough, bronchitis and for colds. 

 

Tansagem 

Plantago major Leaf and 

branches 

 

It is used as a healing aid, it helps to 

fight against diarrhea, gastrointestinal 

problems and toothaches. 

 

Alfavaca 

 

Ocimum 

basilicum 

 

Leaf 

It is used medicinally for: renal crises, 

constipation, canker sores, bronchitis, 

strong flus. 

 

Melissa 

 

Melissa 

officinalis 

 

Leaf and 

branches 

It is used medicinally in curing 

insomnia and stress. 

 

Burdock 

 

Arctium lappa 

 

Leaf and 

branches 

It is widely used in the treatment of 

dermatological problems such as acne 

or eczema. 
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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 40K was determined using its emission 

line 1460.8 keV. 

 

2.3 Software Validation 

 

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 were 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 generated by 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 tracked by LAASC (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 inter comparison on 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 60000 sper detector, the results are shown in the Table 2. 
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Table 2:  Comparison of specific activities measured by LAASC and the LGI, and 

correction factors for use of LabSOCS software. 
 

 𝐾40  

LNRTR 341 ± 13 

LGI 380 ± 25 

Certificate file 381 ± 19 

Correction Factor 0.90 

 

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. 

 

2.4. 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 
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3. RESULTS AND DISCUSSION 

 

In this study sixteen tea samples were analyzed using gamma spectroscopy for calculate the 

specific concentration and effective dose for ingestion of 40K. All samples evaluated 

presented values higher than minimum detectable activity (MDA). The maximum, minimum 

and average values of the MDA obtained in this study are shown in Table 3 and the tea 

samples in table 4. 

 

 

Table 3: MDA values: maximum, minimum and average 

 

MDA (Bq/kg) 

Minimum 16 

Maximum 39 

Average 26 

 

Table 4:  Specific concentrations and effective dose of 40K for tea samples. 

 

Samples                           Name 40K (Bq/kg)    Dose (µSv/y) 

A1 LEMON GRASS 184  ±  56 1.1408 

A2 Espinheira Santa 223  ±  12 1.3826 

A3 Boldo 293 ±  13 1.8166 

A4 Kill 451 ±  17 2.7962 

A5 Black Tea 464  ±  20 2.8768 

A6 Cow foot 498  ±  22 3.0876 

A7 Avenca 529  ±  29 3.2798 

A8 Saint John's herb 562  ±  24 3.4844 

A9 Chamomile 603  ±  23 3.7386 

A10 Picão 704  ±  28 4.3648 

A11 Mint 732  ±  30 4.5384 

A12 Guaco 752  ±  29 4.6624 

A13 Tansagem 774  ±  35 4.7988 

A14 Alfavaca 893  ±  33 5.5366 

A15 Melissa 1004  ±  35 6.2248 

A16 Burdock 1087  ±  40 6.7394 
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In the research conducted by [6] with medicinal plants in Italy, the specific concentration for 
40K in burdock leaves was (1087) Bq/kg similar to present study. 
 

However, the specific concentration of Chamomile tea analyzed in this study presented (603 

± 23)Bq/kg, value lower than presented by [6]: (1077) Bq/kg).  

 

As studied by [7], three brands of Mate tea produced in southern Brazil were analyzed: 

sample C presented a specific concentration of (666 ± 13) Bq/kg, similar to the present study. 

Samples A and B had a specific concentration of (1216 ± 8) Bq/kg and (1047 ± 14) Bq/kg, 

respectively, higher values than the present study. 

 

The difference in the concentration of elements is due to peculiarities in the absorption by 

different botanic structures of the plants as leaf, root, bark, flowers and the soil composition 

in which they were cultivated [8]. Besides that, the use of fertilizer, agricultural protections 

and irrigation water, climatic conditions and industrial pollution can contribute to variations 

in the specific concentrations normally observed. Different soil constitution and local 

vegetation could also affects 40K radionuclide levels.  

The results show a considerable difference in the substance concentration of tea samples. 

This fact does not present any type of risk to the consumer because potassium is the seventh 

most common element in the soil and the third mineral in the human body. 

 

As reported by [9] the potassium is in homeostatic equilibrium with the body, and, therefore 

its level is almost constant irrespective of intake quantities, and for adults the annual effective 

dose from inhalation and ingestion is 170 µSv due 40K. 

 

The values of effective dose for ingestion for adults were calculated based on the specific 

activity conversion factors to annual effective dose tabulated in Publication ICRP 119 (2012). 

The values ranged from 1.1 µSv/y (Lemon Grass) to 6.7 µSv/y (burdock), values lower than 

the annual average. 

 

The results obtained are important to understand the levels of radioactivity and dosimetry 

associated to the ingestion of this kind of substances, for the analysis of biological effects, 

such as cancer, at low doses. 

 

3. CONCLUSIONS  

 

In this study were analyzed sixteen tea samples with gamma spectrometry technique and was 

calculated the effective dose for ingestion using the conversion factors for adults. The 

specific concentration values ranged from 184 ± 56 (Lemon Grass) to 1087 ± 40 (Burdock), 

and the effective dose varied from 1.1408 to 6.7394. The values presented in this work do not 

represent a risk to human health. 
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