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ABSTRACT 

 
One of the concerns about using mineral clay for therapy treatments is its radioactivity content due to natural 

radionuclides, normally, associated with the clays. This work proposes to characterize the natural radionuclides 

of the peloids obtained by the maturation process of mixing bentonite and montmorillonite with different 

mineral medicinal waters from Águas de Lindóia (SP), Peruíbe (SP) and Poços de Caldas (MG). For this 

procedure, gray end green bentonite samples were left in contact with running water for three, six and nine 

months, after this, they were collected, dried, transferred to a mortar, crushed and placed in approximately 40 

cm
3
 polyethylene flasks, sealed and set apart for about four weeks, prior to the measurements. The 

concentration of 
210

Pb was determined by measuring the activity of its low energy peak (47 keV). Comparing 

the gray and green bentonite peloids, all the activity concentration of radionuclides are higher in gray ones, 

except 
40

K. The activity concentration varied from 84 to 156 Bq kg
−1

 (
228

Ra), 25 to 156 Bq kg
−1

 (
228

Th), 9 to 161 

Bq kg
−1

 (
226

Ra), 39 to 256 Bq kg
−1 

(
210

Pb) and 162 to 1070 Bq kg
−1

 (
40

K).  

 

 

1. INTRODUCTION 

 

Peloids have been used as thermal therapeutic agents in many spas and thermal centers since 

ancient times. The term ‘peloid’ is used to refer to different types of sediments or deposits 

whose compositions include mainly silicates (micas, clays, feldspars, etc.) but also 

carbonates, sulphates, sulphides and a variable amount of organic substances. When mixed 

with sea or minero-medicinal waters these elements form pastes or poultices for thermal uses 

[1]. For peloid obtainment, it passes by a maturation process, during which its characteristic 

greasiness is acquired, due to components mixing and the growth of organic constituents that 

arise from biological activity [2]–[4]. Several authors have studied some properties related to 

the suitability for therapy in clays from various parts of the world, such as Italy [5]–[8], 

Portugal [9]–[12] and Spain [1], [13]–[15]. In addition, some properties of peloids prepared 
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with clays, different water types and different maturation conditions were also studied [4], 

[16]–[23]. 

 

Treatment with peloids is called “pelotherapy” and it is famous as an extremely effective 

therapy worldwide and is a commonly used method for the cure of numerous syndromes, for 

example, skin, rheumatic and joint diseases [24]. A  concern about using mineral clay for 

therapy treatments is its radioactivity content due to natural radionuclides, normally, 

associated with the clays and during the treatments, natural radioactivity can be beneficial to 

patients, but negative side effects may occur at greater doses, e.g. chronic lung diseases, 

leukaemia and bones, kidney and pancreas cancers, nevertheless, there are very few studies 

evaluating the radioactivity of thermal muds or clay minerals [24], [25], [26]. Hence, 

measurement of gamma radiation levels provides valuable information about dose levels [24]. 

  

Exposure to radioactivity is commonly considered objectionable at all exposure levels, even 

though no harmful effects have been reported at very low levels of radioactivity [27]. Natural 

radioactivity in soils is caused mainly by the 
238

U/
232

Th decay series and natural 
40

K [28]. 

 

This study proposes to determine the radiological characterization of the peloids artificially 

obtained by the maturation process of mixing two types of bentonites with minero-medicinal 

water from Águas de Lindóia (SP) and Poços de Caldas (MG), and sea water from Peruíbe 

(SP). 

 

Because of their various properties, bentonites are being used in an increasing number of 

applications, especially in pelotherapy and medical applications [4]–[6], [29]–[34]. In this 

research were used two types of bentonites to the maturation process, both acquired in formal 

market. Macroscopic observation showed that the two bentonites are fine-grained, 

homogeneous and generally light-colored: gray and green. 

 

Few studies about natural radioactivity have been found in the waters used for the peloid 

maturation used in the present work. A study made by Negrão, 2012 showed that the activity 

concentration of 
226

Ra and 
228

Ra in Águas de Lindóia water ranged from 4.6 - 19 mBq L
-1

 and 

38 - 54 mBq L
-1

, respectively, concluding that these values are not harmful to the humans 

[35]. This water is also known as hypo-saline water that emerges at 37 °C and is commonly 

used for rheumatic and skin affections treatment. 

 

Although Poços de Caldas water is known to be radioactive, it was not possible to find 

scientific records of studies about determination of radionuclides in this water. The Poços de 

Caldas water is sulphurous, reach the surface at 45 °C and is commonly used for rheumatism 

treatments. Sea water, from Peruíbe, was used because of its use in thalassotherapy treatment. 

 

 

2. METHODOLOGY 

 

2.1. Maturation process 

 

For the maturation process both bentonites were left in contact with running water in the 

Balneário Municipal de Águas de Lindóia, in Águas de Lindóia (SP), Thermas Antonio 

Carlos, in Poços de Caldas (MG) and in standing water at the Complexo Thermal da Lama 

Negra de Peruíbe, in Peruíbe (SP). 
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One of the clays was bought in a place for clay products, sold as “bentonite”, with gray color 

(B1) the other clay was bought in a natural products shop, sold as “montmorillonite”, with 

green color (B2). 

 

The Águas de Lindóia there are four springs and they are protected in a construction of 

approximately 4 m
2
, and within this construction it is possible to see the budding of water 

from the rocks. For the maturation process in this place was chosen the spring named 

“Madame Curie” 

 

In Poços de Caldas the there are three springs named “Chiquinha”, “Mariquinha” and “Pedro 

Botelho”, the three springs are totally piped and the only access to the water is through 

faucets. The plumbing of springs is inside a building of approximately 100 m
2
. Due to this the 

samples were matured in two different springs, that is, different waters. The gray bentonite 

was matured in “Chiquinha” and other one in “Mariquinha” spring. 

 

In Peruíbe, the maturation was performed keeping the mud in contact with standing sea 

water, taken 2 km far from the cost and no agitation was employed in the process. This 

procedure was made fallowing Silva et al., 2015 [36]. 

 

Therefore, in this study, the procedure of maturation of 2 kg of clay at each site was adopted 

for nine months and collections were made every three months. 

 

For the identification of the samples, the following criteria were used: the first two characters 

of the codification of each sample refers to clay color used, thus, B1 (gray bentonite) and B2 

(green bentonite), the following two letters refer to water used for maturation, then AL 

(Águas de Lindóia), PC (Poços de Caldas) and PE (Peruíbe) and finally, the number 

represents maturation time, 3 for three months, 6 for six months and 9 for nine months. The 

letter “P” after the number of maturation months means that the clays were matured in 

starring water with Águas de Lindóia water. 

 

2.2. Gamma spectrometry 

 

Activity concentrations of 
226

Ra, 
228

Ra, 
210

Pb, 
228

Th and 
40

K were measured by gamma 

spectrometry with a high-pure germanium detector, GX2020, from Canberra. The detector 

was calibrated with 
40

K, 
232

Th and 
238

U standards. Samples were placed in 40 cm
3
 

polyethylene flasks, sealed and set apart for about four weeks, prior to the measurements, to 

ensure reaching of radioactive equilibrium between 
226

Ra and its short-living decay products. 

The 
226

Ra activities were determined by taking the mean activity of three separate photopeaks 

of its daughter nuclides: 
214

Pb at 352 keV, and 
214

Bi at 609 keV and 1120 keV. The 
228

Ra 

content of the samples was determined by measuring the intensities of the 338 keV and 911 

keV gamma-ray peaks from 
228

Ac. The 
228

Th activities were determined by taking the mean 

activity of three separate photopeaks of its daughter nuclides: 
212

Pb at 238 keV and 
212

Bi at 

727 keV. The concentration of 
210

Pb was determined by measuring the activity of its low 

energy peak (47 keV). The concentration of 
40

K was determined by measuring the activity of 

its high energy peak (1046 keV) Self-absorption correction was applied because the 

attenuation for low energy gamma rays is highly dependent upon the sample composition 

[37]. 
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3. RESULTS AND DISCUSSION  

 

The activity concentrations obtained for 
228

Ra, 
228

Th (
232

Th-series), 
226

Ra, 
210

Pb (
238

U-series) 

and 
40

K in non matured clays and the peloids obtained after maturation are presented on 

Table 1. 

 

 

Table 1: Activity concentrations of 
226

Ra, 
228

Ra, 
210

Pb 
228

Th and 
40

K (Bq kg
-1

), in gray 

and green clays before and after the maturation process as well the worldwide average 

according to UNSCEAR (2000) [38]. 

Sample 

232
Th-series

 238
U-series

  

228
Ra 

228
Th 

226
Ra 

210
Pb 

40
K 

GRAY BENTONITE 142 ± 65 148 ± 49 114 ± 17 256 ± 7 162 ± 11 

B1AL3 156 ± 71 149 ± 50 110 ± 17 159 ± 14 203 ± 14 

B1AL6 140 ± 63 133 ± 43 93 ± 15 72 ± 25 154 ± 9 

B1AL9 157 ± 71 136 ± 45 115 ± 17 150 ± 10 212 ± 14 

B1AL6P 140 ± 64 152 ± 49 104 ± 16 ND 189 ± 12 

B1AL9P 150 ± 68 147 ± 49 105 ± 16 56 ± 34 139 ± 10 

B1PC3 156 ± 71 156 ± 53 110 ± 17 147 ± 6 191 ± 13 

B1PC6 155 ± 71 146 ± 47 115 ± 17 284 ± 8 328 ± 22 

B1PC9 156 ± 73 133 ± 44 172 ± 27 304 ± 12 987 ± 55 

B1PE3 119 ± 54 120 ± 39 96 ± 15 276 ± 5 198 ± 13 

B1PE6 126 ± 57 123 ± 39 102 ± 15 198 ± 6 160 ± 11 

B1PE9 131 ± 60 122 ± 42 103 ± 16 388 ± 8 192 ± 12 

GREEN BENTONITE 54 ± 25 73 ± 25 53 ± 8 63 ± 4 676 ± 41 

B2AL3 69 ± 31 68 ± 23 53 ± 8 51 ± 10 760 ± 44 

B2AL6 68 ± 31 75 ± 27 52 ± 8 140 ± 6 800 ± 48 

B2AL9 74 ± 34 68 ± 24 61 ± 10 236 ± 5 793 ± 47 

B2PC3 73 ± 35 73 ± 28 9 ± 2 109 ± 26 1070 ± 66 

B2PC6 73 ± 33 73 ± 25 56 ± 8 76 ± 14 934 ± 56 

B2PC9 72 ± 34 65 ± 24 60 ± 10 53 ± 12 802 ± 45 

B2PE3 59 ± 27 57 ± 20 50 ± 8 39 ± 8 782 ± 45 

B2PE6 55 ± 25 59 ± 19 52 ± 8 54 ± 5 795 ± 46 

B2PE9 73 ± 34 89 ± 31 52 ± 8 53 ± 5 843 ± 50 

UNSCEAR (2000) 30 35 400 

 

 

The gray bentonite non matured showed activity concentration for radionuclides from 
232

Th-

series about three times greater than green bentonite and the 
238

U-series about two times. 

However, the activity concentration of 
40

K is about four times lower. 

 

After the maturation process the gray bentonite showed a change in the activity 

concentrations only for the radionuclides 
226

Ra, 
210

Pb and 
40

K matured with water from Poços 

de Caldas (Chiquinha spring), and was noted that the activity concentration increase 

according to the maturation time. The increase of 
210

Pb may be related to the increase of 

organic matter after maturation with this water. For the other radionuclides no difference in 

activity concentrations with maturation in any of the waters was observed. 
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Although the activity concentration of the 
40

K radionuclides increased in green bentonite after 

the first three months of maturation with Poços de Caldas water, it was noticed a decrease of 

these concentrations after nine months, however, in gray bentonite was noticed a increased of 
40

K according to maturation time. 

 

In gray bentonite was possible to noted a increased of activity concentration of 
210

Pb in 

maturation with Poços de Caldas and Peruíbe waters after nine mounths and slightly 

difference was noted in maturation with Águas de Lindóia water. However, for this 

radionuclideo, in gray bentonite, was noted a increased of activity concentration according to 

maturation time with Águas de Lindóia water, and a decreased with Poços de Caldas water. It 

is important to remember that the clays were matured at different springs in Poços de Caldas, 

and this may have occasioned the different behavior of these radionuclides after maturation. 

In peloids obtained in Águas de Lindóia water, the difference in 
210

Pb behavior should be 

related only to the difference between the clays used. 

 

The maturation process with Peruíbe water have caused a slightly increased in activity 

concentration of 
228

Ra in gray bentonite and 
228

Ra and 
228

Th in green one. 

 

Comparing the results obtained in these samples with the worldwide average values of 

radionuclides 
226

Ra, 
232

Th and 
40

K, according to UNSCEAR (2010) [39], it was verified that 

gray and green clays presented activity concentration slightly higher for the radionuclides of 

the 
232

Th-series and the gray peloids presented higher values (about four times). For the 
40

K, 

the green peloids presented values above the worldwide average, while those of gray peloids 

were below. 

 

The results of 
226

Ra and 
228

Ra obtained in this work for the gray and green bentonite peloids, 

are according to the values studied by Silva et al., 2011 [26] in kaolins mainly composed of 

well-crystallized kaolinite and bentonites containing smectites commercial clays for 

pharmaceutics and cosmetics propouses. All the peloids studied here presented activity 

concentration of 
226

Ra and 
40

K in agreement to the values measured by Karakaya., 2015 [24] 

(8.91 to 401.64 Bq kg
-1

 for 
226

Ra and 64.82 to 1698.60 Bq kg
-1 

for 
40

K) in peloids used for 

musculoskeletal disorders and aesthetic treatments from Turkey spas and these values are not 

significant. 

 

Compared with mud used in a spa in Serbia, the activity concentration of 
226

Ra in the present 

samples were lower for gray and green peloids (259 Bq kg
-1

) and the activity concentration of 
40

K were of the same order (219 Bq kg
-1

) for gray peloids (except in samples matured in 

Poços de Caldas waters) and higher in green ones [25]. 

 

One of the concerns regarding the use of clays in pelotherapy, generally, is the dose of 

radiation that can be received by patients because their content of natural radionuclides. 

 

The absorbed dose rate (D) is related to the risk due to the amount of radiation deposited in a 

body per unit of time that arises from terrestrial gamma emitters. D can be derived (nGy h
−1

) 

from the measured activity concentrations and the following conversion factors, as given by 

UNSCEAR (2010) [39] and shown in Eq 1: 

 

D = 0.462CU + 0.604CTh + 0.0417CK     (1) 
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The results presented here are about two to three times greater than the worldwide average, 

which is 58 nGy h
-1

 [40]. Table 2 shows the results of absorbed dose rate. 

 

 

Table 2: Absorbed dose rate (Gy h
-1

) in gray and green clays before and after the 

maturation process. 

Sample Dose rate Sample Dose rate 

GRAY BENTONITE 145 x 10
-9

 GREEN BENTONITE 85 x 10
-9

 

B1AL3 154 x 10
-9

 B2AL3 98 x 10
-9

 

B1AL6 134 x 10
-9

 B2AL6 98 x 10
-9

 

B1AL9 157 x 10
-9

 B2AL9 106 x 10
-9

 

B1AL3P 139 x 10
-9

 B2PC3 93 x 10
-9

 

B1AL6P 140 x 10
-9

 B2PC6 109 x 10
-9

 

B1AL9P 145 x 10
-9

 B2PC9 105 x 10
-9

 

B1PC3 153 x 10
-9

 B2PE3 91 x10
-9

 

B1PC6 160 x 10
-9

 B2PE6 90 x10
-9

 

B1PC9 215 x 10
-9

 B2PE9 103 x10
-9

 

B1PE3 124 x 10
-9

   

B1PE6 130 x 10
-9

   

B1PE9 135 x 10
-9

   

 

 

The results of the absorbed dose rate of the non-matured gray clay and its peloids varied from 

124x10
-9

 to 215x10
-9

 Gy h
-1

, while those of green clay presented slightly lower values 

varying from 85x10
-9

 to 106x10
-9

 Gy h
-1

. Most of the calculated absorbed dose rates are 

varying from 28x10
-9

 to 120x10
-9

 Gy h
-1

 recommended by UNSCEAR (2008) [38]. 

 

The maturation process caused a significant increase in the absorved dose rate only in gray 

clay matured with Poços de Caldas water for nine months, varying from 153x10
-9

 to 215x10
-9

 

Gy h
-1

, which represents, in the worst case, 1.3 μSv for 100 h of application, which is 1000 

times less than the allowable dose increase of 1 mSv per year. For comparation in Europe the 

annual effective dose from all sources of radiation in the environment is estimated to be about 

3.3 mSv [25]. 

 

 

4. CONCLUSION 

 

The aim of this study was evaluated the maturation process of two types of bentonites in 

different waters from Águas de Lindóia, Poços de Caldas and Peruíbe. The activity 

concentration of 
210

Pb, 
228

Ra and 
228

Th is greater than the worldwide average for all clays and 

peloids studied in this work but it agrees when compared with peloids from differents spas. 

However, by calculating the absorbed dose rate in the worst scenario, this may not be a 

problem for topical application. Although the waters from Águas de Lindóia and Poços de 

Caldas are considered radioactive they have not caused a significant increase in radionuclide 

concentrations absorbed dose rate. 

 

1714



INAC 2019, Santos, SP, Brazil. 

 

REFERENCES 

 

1. J. L. Legido, C. Medina, M. L. Mourelle, M. I. Carretero, M. Pozo, “Comparative 

study of the cooling rates of bentonite, sepiolite and common clays for their use in 

pelotherapy”, Appl. Clay Sci., 36, pp. 148–160, (2007). 

2. V. Caridad, J. M. O. Zárate, M. Khayet, J. L. Legido, “Thermal Conductivity and 

Density of Clay Pastes at Various Water Contents for Pelotherapy Use” Appl. Clay 

Sci., 93–94, pp. 23–27, (2014). 

3. M. V. Fernández-González, J. M. Martín-García, G. Delgado, J. Párraga, M. I. 

Carretero, R. Delgado, “Physical properties of peloids prepared with medicinal mineral 

waters from Lanjarón Spa (Granada, Spain)”, Appl. Clay Sci., 135, pp. 465–474, 

(2017). 

4. F. Veniale, E. Barberis, G. Carcangiu, M. Morandi, M. Setti, M. Tamanini, D. Tessier, 

“Formulation of Muds For Pelotherapy: Effects of ‘Maturation’ by Different Mineral 

Waters”, Appl. Clay Sci., 25, pp. 135–148, (2004). 

5. S. Cara, G. Carcangiu, G. Padalino, M. Palomba, M. Tamanini, “The bentonites in 

pelotherapy: Chemical, mineralogical and technological properties of materials from 

Sardinia deposits (Italy)”, Appl. Clay Sci., 16, pp. 117–124, (2000). 

6. S. Cara, G. Carcangiu, G. Padalino, M. Palomba, and M. Tamanini, “The bentonites in 

pelotherapy: Thermal properties of clay pastes from Sardinia (Italy)”, Appl. Clay Sci., 

16, pp. 125–132, (2000). 

7. T. Ferrand, J. Yvon, “Thermal properties of clay pastes for pelotherapy”, Appl. Clay 

Sci., 6, pp. 21–38, (1991). 

8. V. Summa, F. Tateo, “Geochemistry of two peats suitable for medical uses and their 

behaviour during leaching”, Appl. Clay Sci., 15, pp. 477–489, (1999). 

9. C. S. F. Gomes, J. B. P. Silva, “Minerals and clay minerals in medical geology”, Appl. 

Clay Sci., 36, pp. 4–21, (2007). 

10. M. Rebelo, C. Viseras, A. López-Galindo, F. Rocha, E. Ferreira da Silva, 

“Characterization of Portuguese Geological Materials to be Used in Medical 

Hydrology”, Appl. Clay Sci., 51, pp. 258–266, (2011). 

11. M. Rebelo, C. Viseras, A. López-Galindo, F. Rocha, E. Ferreira da Silva, “Rheological 

and Thermal Characterization of Peloids Made of Selected Portuguese Geological 

Materials”, Appl. Clay Sci., 52, pp. 219–227, (2011). 

12. M. Rebelo, F. Rocha, E. Ferreira Da Silva, “Mineralogical and physicochemical 

characterization of selected Portuguese Mesozoic-Cenozoic muddy/clayey raw 

materials to be potentially used as healing clays”, Clay Miner., 45 , pp. 229–240, 

(2010). 

13. L. M. Casás, J. L. Legido, M. Pozo, L. Mourelle, F. Plantier, D. Bessires, “Specific 

Heat of Mixtures of Bentonitic Clay With Sea Water or Distilled Water For Their Use 

in Thermotherapy”, Thermochim. Acta, 524, pp. 68–73, (2011). 

14. L. M. Casás, M. Pozo, C. P. Gómez, E. Pozo, L. D. Bessières, F. Plantier, J. L. Legido, 

“Thermal Behavior of Mixtures of Bentonitic Clay and Saline Solutions”, Appl. Clay 

Sci., 72, pp. 18–25, (2013). 

15. J. M. O. de Zárate, J. L. Hita, M. Khayet, J. L. Legido, “Measurement of the Thermal 

Conductivity of Clays Used in Pelotherapy by the Multi-Current Hot-Wire 

Technique”, Appl. Clay Sci., 50, pp. 423–426, (2010). 

16. M. I. Carretero, M. Pozo, C. Sánchez, F. J. García, J. A. Medina, and J. M. Bernabé, 

“Comparison of saponite and montmorillonite behaviour during static and stirring 

maturation with seawater for pelotherapy”, Appl. Clay Sci., 36, pp. 161–173, (2007). 

1715



INAC 2019, Santos, SP, Brazil. 

 

17. R. Curini, G. D’Ascenzo, A. Fraioli, A. Lagana, A. Marino, B. Messina, “Instrumental 

Multiparametric Study of the Maturing of Therapeutic Muds of Some Italian Spas”, 

Thermochim. Acta, 157, pp. 377–393, (1990). 

18. M. V. Fernández-González, J. M. Martín-García, G. Delgado, J. Párraga, R. Delgado, 

“A Study of the Chemical, Mineralogical and Physicochemical Properties of Peloids 

Prepared With Two Medicinal Mineral Waters From Lanjarón Spa (Granada, Spain)”, 

Appl. Clay Sci., 80–81, pp. 107–116, (2013). 

19. E. Gámiz, J. M. Martín-García, M. V. Fernández-González, G. Delgado, R. Delgado, 

“Influence of water type and maturation time on the properties of kaolinite-saponite 

peloids”, Appl. Clay Sci., 46, pp. 117–123, (2009). 

20. A. Quintela, D. Terroso, F. P. S. Almeida, P. Reis, A. Moura, A. Correira, E. Ferreira 

da Silva, V. Forjaz, V. Rocha, “Geochemical and Microbiological Characterization of 

Some Azorean volcanic Muds After Maturation”, Res. J. Chem. Environ., 14, pp. 66–

74, (2010). 

21. A. Quintela, D. Terroso, E. Ferreira. da Silva, F. Rocha, “Certification and quality 

criteria of peloids used for therapeutic purposes”, Clay Miner., 47, pp. 441–451, 

(2012). 

22. C. J. Sánchez, J. Parras, M. I. Carretero, “The effect of maturation upon the 

mineralogical and physicochemical properties of illitic-smectitic clays for 

pelotherapy”, Clay Miner., 37, pp. 457–463, (2002). 

23. F. Tateo, C. Agnini, A. Carraro, M. Giannossi, S. Margiotta, L. Medici, F.E. Finizio, 

V. Summa, “Short-term and long-term maturation of different clays for pelotherapy in 

an alkaline-sulphate mineral water (Rapolla, Italy)”, Appl. Clay Sci., 50, pp. 503–511, 

(2010). 

24. M. Ç. Karakaya, M. Doğru, N. Karakaya, H. C. Vural, F. Kuluöztürk, S. Ş. Bal, 

“Radioactivity Concentrations and Dose Assessments of Therapeutic Peloids From 

Some Turkish Spas”, Clay Miner., 50, pp. 221–232, (2015). 

25. G. Manic, S. Petrovic, M. Vesna, D. Popovic, D. Todorovic, “Radon Concentrations in 

a Spa in Serbia”, Environ. Int., 32, pp. 533–537, (2006). 

26. P. S. C. Silva, S. M. B. Oliveira, L. Farias, D. I. T. Fávaro, B. P. Mazzilli, “Chemical 

and Radiological Characterization of Clay Minerals Used in Pharmaceutics and 

Cosmetics”, Appl. Clay Sci., 52, pp. 145–149, (2011). 

27. United Nations Scientific Committee on the Effects of Atomic Radiation - Unscear. " 

[I]SSOURCES AND EFFECTS OF IONIZING RADIATION." New York: United 

Nations Publication. (1993). 

28. United Nations Scientific Committee on the Effects of Atomic Radiation - Unscear. 

Sources and effects of ionizing radiation: report to the General Assembly annex B.”. 

New York: United Nations Publication. (2000). 

29. F. Veniale, A. Bettero, P. Giorgio, M. Setti, “Thermal muds: Perspectives of 

innovations”, Appl. Clay Sci., 36, pp. 141–147, (2007). 

30. F. Tateo, V. Summa, “Element mobility in clays for healing use,” Appl. Clay Sci., 36, 

pp. 64–76, (2007). 

31. M. I. Carretero, M. Pozo, J. A. Martín-Rubí, E. Pozo, F. Maraver, “Mobility of 

elements in interaction between artificial sweat and peloids used in Spanish spas,” 

Appl. Clay Sci., 48, pp. 506–515, (2010). 

32. M. Ç. Karakaya, N. Karakaya, Ş. Sargoǧlan, M. Koral, “Some Properties of Thermal 

Muds of Some Spas in Turkey”, Appl. Clay Sci., 48, pp. 531–537, (2010). 

33. C. Gomes, M. I. Carretero, M. Pozo, F. Maraver, P. Cantista, F. Armijo, J. L. Legido, 

F. Teixeira, M. Rautureau, R. Delgado, “Peloids and Pelotherapy: Historical 

1716



INAC 2019, Santos, SP, Brazil. 

 

Evolution, Classification and Glossary”, Appl. Clay Sci., 75–76, pp. 28–38, (2013). 

34. V. Summa, F. Tateo, “The Use of Pelitic Raw Materials in Thermal Centres: 

Mineralogy, Geochemistry, Grain Size and Leaching Tests. Examples From the 

Lucania Area (Southern Italy)”, Appl. Clay Sci., 12, pp. 403–417, (1998). 

35. S. G. Negrão, “Determinação dos Isótopos de Rádio de Meias-Vidas Longas, Ra-226 e 

Ra-228, em Águas minerais Utilizadas nos Balneários de Caxambu (MG) E Águas de 

Lindóia (SP)”, Universidade de São Paulo, São Paulo & Brasil (2012). 

36. P. S. C. Silva, J. K. Torrecilha, P. F. M. Gouvea, M. F. Máduar, S. M. B. Oliveira, M. 

A. Scapin, “Chemical and radiological characterization of Peruíbe Black Mud,” Appl. 

Clay Sci., 118, pp. 221–230, (2015). 

37. N. H. Cutshall, L. H. Larsen, C. R. Olsen, “Direct Analysis of 
210

Pb In Sediment 

Samples: Self-absorption Corrections”, Nucl. Instruments Methods Phys. Res., 206, pp. 

309-312, (1983). 

38. United Nations Scientific Committee on the Effects of Atomic Radiation - Unscear. 

"Annex B: Exposures of the public and workers from various sources of radiation.". 

New York: United Nations Publication. (2008). 

39. United Nations Scientific Committee on the Effects of Atomic Radiation - Unscear. " 

Sources and effects of ionizing radiation.". New York: United Nations Publication. 

(2010). 

40. T. M. El Hajj, M. P. A. Gandolla, P. S. C. Silva, H. Torquato, H. D. Junior, "Long-

term prediction of non-processed waste radioactivity of a niobium mine in Brazil",  

Journal of Sustainable Mining, (2019). 

 

1717


