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ABSTRACT 

 
This study aims to characterize the artificial peloid obtained by maturing bentonite and montmorillonite with 

Águas de Lindóia, Poços de Caldas, and Peruíbe waters for three months. The pH, moisture, organic matter 

content, loss on ignition and swelling power of matured and non-matured samples were measured for 

physicochemical characterization. The elemental concentration was determined by instrumental neutron 

activation analysis. Results showed that pH, moisture (%) and LOI (%) at 1000 ºC did not change after 

maturation for all samples and an increase of the organic matter (%) was noted for all samples, mainly in the 

peloids treated with Peruíbe seawater. The concentration of As, Ba, Br, Ca, Ce, Co, Cr, Cs, K, La, Na, Yb, and 

Zn have changed after the maturation process in both clays and the Br and Na concentrations have changed in 

both clays when matured with seawater from Peruíbe. 
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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 kinds of sediments or deposits whose 

composition includes mainly silicates (micas, clays, feldspars, etc.), but also carbonates, sulphates, 

sulphides and variable amounts of organic substances. When mixed with sea or minero-medicinal 

water these minerals form pastes or poultices for thermal uses [1]. It can be applied to different 

parts of the body or on the whole body by means of masks and poultices, or even by partially, or 

totally bathing the body, for therapeutic or cosmetic purposes.  

During the peloid formation, it passes by a maturation process, in which its characteristic 

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

arises from biological activity [2, 3]. Peloids are formed naturally in a wide range of environments 

all over the world and in Brazil, only the Peruíbe Black Mud (PBM) had been studied and was well 

chemically characterized [4]. Nevertheless, the use of these natural peloids in spas and thermal 

therapeutic centers for cosmetic and medicinal purposes can lead to a depletion of this natural 

resource over the time [5]. 

This study aims to characterize the elemental composition of the peloids artificially obtained by 

the maturation process of mixing commercial bentonite and montmorillonite with minero-medicinal 

water from Águas de Lindóia and Poços de Caldas cities, located in the countryside of São Paulo 

and Minas Gerais states, respectively, Southeast, Brazil, and seawater from Peruíbe city, São Paulo 

state. The bentonites have been used as peloid for their high swelling index, high plasticity, water 

limit and specific heat that improve the quality of the pastes [6]. The montmorillonite was used 

because it is largely used in aesthetic and therapeutic treatments such as facial masks and anti-

inflammatory arthritic or rheumatic processes. The Águas de Lindóia water is a low radioactive, 

hypo-saline water that emerges at 37 °C and is commonly used for rheumatic and skin affections 

treatment. The Poços de Caldas water is sulphurous reaching the surface at 45 °C and is commonly 

used for rheumatism treatments. Seawater, from the city of Peruíbe, was used because of its use in 

thalassotherapy treatment.   
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2. MATERIALS AND METHODS 

 

The bentonite and montmorillonite clay samples were acquired in the formal market and for the 

maturation process, samples were left in contact with running water in Águas de Lindóia and Poços 

de Caldas spas and in standing water in Peruíbe at the “Complexo Thermal da Lama Negra de 

Peruíbe.” After three months of maturation, the samples were collected (BAL, BPC and BPE for 

bentonite maturation in Águas de Lindóia, Poços de Caldas and Peruíbe waters, respectively and 

MAL, MPC and MPE for montmorillonite maturation in Águas de Lindóia, Poços de Caldas and 

Peruíbe waters, respectively), dried, transferred to a mortar, crushed, sieved to a grain size smaller 

than 150 mesh. About 150 mg of each sample together with Certified Reference Materials (CRMs) - 

Syenite, Table Mountain STM-2 from the United States Geological Survey (USGS), Estuarine 

Sediment, SRM 1646a, from National Institute of Standards and Technology (NIST) and filter 

paper sheets pipetted with standard solution from SPEX CertiPrep were prepared by packing them 

in polyethylene bags for irradiation.  

Samples and CRMs were irradiated in the IEA-R1 reactor at IPEN under a neutron flux of 

1012 cm-2 s-1, during 8 hours, to determine the elements As, Ba, Br, Ce, Co, Cr, Cs, Eu, Fe, He, K, 

La, Lu, Na, Nd, Rb, Sb, Sc, Se, Sm, Ta, Tb, Th, U, Yb, and Zn by instrumental neutron activation 

analysis (INAA). The induced activity was measured by gamma spectrometry performed by using 

an EG&G Ortec High Purity Germanium (HPGe) detector and associated electronic, with a 

resolution of 1.9 keV and 2.04 keV for 57Co and 60Co, respectively. Two series of counting were 

made: the first, after 1-week decay; and the second, after 15–20 days. The spectra analysis was done 

by using the in-house software VISPECT2, and the calculations were done by using an electronic 

spreadsheet.  

For physicochemical characterization, wet samples were treated sequentially: a) at 105 °C, for 

24 h to determine the moisture content; b) at 550 °C, for 4 h, to estimate the organic matter content 

and c) at 1,000 °C, for 2 h, to determine the carbonate and hydroxide mass losses by employing an 

oven furnace and muffle, as needed [7]. 

The samples’ swelling capacity was obtained by adding 1 g of the dry sample to deionized water 

in a 100 ml graduated test tube and recording the volume after 24 h [8]. 
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The pH was determined by mixing 10 mL of the wet mud sample with 25 mL of KCl 1.0 mol L-

1. The mixture was stirred for 5 min, let to stand for 1 h and then the measurement was done. All the 

physicochemical parameters were measured in triplicate.  

  

3. RESULTS AND DISCUSSION 

 

3.1. Physicochemical characterization 

The results of physicochemical characterization are shown in table 1, and it shows that the pH 

of bentonite before the maturation process was around 7.8, whereas the montmorillonite presented a 

slightly lower pH value (around 7.3). The initial pH values of bentonite and montmorillonite were 

not significantly different from the pH value measured for the water from Águas de Lindóia (7.5), 

but it was lower than pH values of Poços de Caldas water (around 10). 

 

Table 1: Physicochemical parameters: pH, swelling values and percentages of moisture, 

LOI at 550 ºC and LOI at 1000 °C. 

 pH Swelling (mL g-1) Moisture (%) 
LOI (%)a at 

550 °C 

LOI (%)b at 

1000 °C 

BENTONITE 7.8 12.2 13.93 ± 0.01 1.12 ± 0.04 4.53 ± 0.03 

BAL 7.8 16.7 11.1 ± 0.5 1.6 ± 0.1 3.7 ± 0.1 

BPC 8.3 10 19 ± 3 1.8 ± 0.1 3.21 ± 0.05 

BPE 8.2 12.7 12 ± 1 4.2 ± 0.6 4 ± 1 

MONTMORILLONITE 7.3 1.5 5.9 ± 0.1 7.9 ± 0.4 2.0 ± 0.7 

MAL 7.2 All turbid 2.77 ± 0.06 4.9 ± 0.1 4.3 ± 0.1 

MPC 7.7 9.7 8.70 ± 0.06 6.8 ± 0.3 2.2 ± 0.2 

MPE 7.4 Not observed 6.2 ± 0.1 9.8 ± 0.4 3 ± 1 

a Determined by calcination at 550 °C, for 4 h. 

b Determined by calcination at 1000 °C, for 2 h 

 

The use of Águas de Lindóia water for bentonite and montmorillonite maturation did not cause 

a significant change in the pH in relation to non-matured clays. However, the clays matured with 

Poços de Caldas waters showed a slight increase in the pH value, whereas in the clays matured with 

Peruíbe seawater a slight increase could be observed only for bentonite. 
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Reported values of pH in medicinal muds varies from 6.5 to 8.9 [9, 10, 11, 4, 12]. The pH 

values may influence the availability of the chemical elements adsorbed in the mineral grains 

composing the mud, and a small change in this parameter may affect ionic exchange properties 

during skin contact. 

The results of the moisture content, by mass, in the bentonites and montmorillonite non-matured 

were 13.93% and 5.9% respectively. It is possible to note a decrease in the hydration degree in the 

bentonite and montmorillonite samples during the maturation process with Águas de Lindóia  

(11.1% and 2.77%, respectively) and Peruíbe (12% and 6.2%, respectively) water samples, and an 

increase when the Poços de Caldas water was used (19% and 8.7%, respectively). These results are 

smaller than the ones observed in the Peruíbe Black Mud [4], which varied from 34 to 73% and 

some clays used for pharmaceutical propose [13] whose values varies from 5 to 17%, indicating that 

the water adsorption capacity is highly dependent on the origin and type of the clay mineral 

comprising the peloid.  

The organic matter content found in medicinal muds may be related to its therapeutic properties 

[14] and is inversely correlated to its abrasiveness [15]. The content of organic matter in the 

bentonite and montmorillonite samples were 1.12% and 7.9%, respectively. 

An increase of organic matter content was observed in bentonite samples matured with Águas 

de Lindóia, Poços de Caldas and Peruíbe water (1.6, 1.8 and 4.2%). However, for montmorillonite 

matured sample it is possible to note an increase of organic matter only for the one matured with the 

Peruíbe water sample (9.8%), and a slight decrease in the sample matured with Águas de Lindóia 

(4,9%) and Poços de Caldas (6.8%) water samples. 

The organic matter increase may be related to the biological activity of microorganisms present 

in the water or the ones already living in the clays that found in the water a good environment for 

growing. Literature values for organic matter content vary from 0.78 to 20% [3, 4]. 

Considering the weight % of LOI at 1000 °C values, a decrease is noted in bentonite matured 

with the three types of water (varying from 3.21% to 4%) when compared with non-matured 

bentonite (4.53%). These values were lower than bentonites from main Sardinia deposits presenting 

values varying from 5 to 15% [1, 6]. In montmorillonite samples, an increase was noted in matured 

samples (varying from 2.2% to 4%) when compared with the non-matured ones (2%). The bentonite 

and montmorillonite used here presented a low content of coordinated hydroxyl which characterizes 
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clay minerals in its non-matured form, and the maturation process seems to decrease this amount in 

bentonite and increase it in montmorillonite. 

Swelling power, measured in non-matured bentonites and montmorillonite samples to verify its 

interaction with a polar media has shown a large difference between them, with values of 12.2 

mL g-¹ for bentonite and 1.5 mL g-¹ for montmorillonite. 

Comparing the peloid obtained by the maturation of bentonite with Águas de Lindóia water 

(BAL, 16.7 mL g-1), with the value obtained for the non-matured one a slight increase of swelling 

was observed. In these samples, it was possible to notice that in addition to the swelling, there was a 

great dispersion of colloidal particles in all the water used in the test, presenting a great interaction 

with the water. A slightly smaller swelling result was observed in the peloid maturated with Poços 

de Caldas water; however, in the peloid obtained with Peruíbe seawater, although it had presented a 

similar value, the dispersion of the particles was not observed as in the other samples. This should 

be related to the fact that the higher ionic strength of the seawater causes a decrease in the degree of 

clay swelling, according to [16]. 

The peloids obtained by the maturation of montmorillonite with Águas de Lindóia and Poços de 

Caldas water showed a significant increase in swelling when compared to non-matured one, 

indicating that the maturation process favored the intercalation of water between the grains of this 

clay. The same was not observed in the peloid obtained with Peruíbe seawater, in which a swelling 

was not observed, probably also due to the effect of the higher ionic strength of the sea water. 

The swelling values measured in this study can be considered high proving the bentonite 

hydrophilicity [17]. In bentonites from Sardinian deposits, the swelling values varied from 6 to 39 

mL g-1 [6] and literature relates values varying from 15 to 25 mL g-1 for some other clays also used 

to pharmaceutical proposes [4, 13].  

 

3.2. Elemental characterization 

 

For methodology precision and accuracy verification of the results obtained by neutron 

activation analysis, the certified reference material Syenite Table Mountain (STM-2), from the 

United States Geological Survey (USGS) was analyzed. The results are shown in Table 2 and it can 
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be observed that good precision and accuracy were obtained for the most of the elements with 

relative standard deviation (RSD) and relative error (RE) generally lower than 20%.  

The concentration of trace elements in bentonite and montmorillonite non-matured and the 

obtained peloids after three months of maturation are showed in Table 3, for those elements 

determined by INAA. As security is always a concern, in order to be used as therapeutic and 

cosmetic products in pelotherapy, peloids have to be completely characterized for impurity content, 

mainly for the potentially toxic elements, although there is no established official regulation about 

chemical composition, neither for the raw material nor for the matured form. Therefore, the 

obtained results were compared to consensus-based sediment quality guidelines (SQGs), for the 

elements As, Cr and Zn, also shown in Table 3 [4]. 

 

Table 2: Values obtained in the certified reference material analysis for quality control of the 

results, in µg g-1, except were indicated %. 
 STM    

 Certified Value Analysis value RSDa REb 

Ba 639 ± 61 657 ± 103 15.61 -2.75 

Ca (%) 0.78 ± 0.03 0.53 ± 0.07 12.44 32.63 

Ce 256 ± 23 239 ± 2 0.97 5.36 

Cs 1.52 ± 0.06 1 ± 0.2 23.16 31.64 

Eu 3.45 ± 0.25 2.89 ± 0.04 1.24 16.21 

Fe (%) 3.77 ± 0.09 3.97 ± 0.06 1.51 -5.36 

Hf 27 ± 0.8 24.5 ± 0.1 0.58 9.11 

K (%) 0.38 ± 0.17 4 ± 1 25.51 -23.51 

La 154 ± 11 140.7 ± 0.6 0.44 8.63 

Lu 0.6 ± 0.04 0.55 ± 0.01 2.74 9.14 

Na (%) 6.61 ± 0.68 6.17 ± 0.09 1.39 6.63 

Nd 81 ± 4.8 101 ± 13 13.05 -24.82 

Rb 114 ± 11 139 ± 9 6.69 -21.50 

Sm 12 ± 0.9 14.23 ± 0.04 0.29 -18.59 

Ta 16 ± 1.1 24.5 ± 0.1 0.58 -53.38 

Tb 1.38 0.99 ± 0.04 4.45 25.42 

Th 27 ± 5 32.1 ± 0.4 1.18 -18.98 

U 7.6 12 ± 1 8.61 -55.63 

Yb 4.2 ± 0.8 3.2 ± 0.1 1.85 23.89 

Zn 223 ± 19 193 ± 9 4.90 13.43 
a Relative standard deviation  
b Relative error 
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The SQG values, threshold effect concentration (TEC) and probable effect concentration (PEC), 

provide a reliable basis for assessing sediment quality conditions in aquatic ecosystems for some 

potentially toxic elements and the results of the bentonite elemental concentrations revealed that 

none of them is higher than the PEC and TEC values. Otherwise, Cr and Zn concentration in non-

matured montmorillonite and in their peloids presented concentrations higher than TEC, except for 

Zn in the one matured with Água de Lindóia water. 

Upon comparing the bentonite with the montmorillonite non-matured samples, it is possible to 

note that in the montmorillonite, the elements Co, Cr, Cs, and Zn showed higher concentrations, the 

concentrations of Fe, K, Rb, and Sc are slightly higher and that the elements As, Br, Hf, Lu, Na, Sb, 

Se, Sm, Ta, Tb, Th, and Zr appeared in smaller concentrations. 
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Table 3: Trace element concentrations, in μg g−1, except where indicated %, in bentonite samples matured in Águas de 

Lindóia (BAL), Poços de Caldas (BPC) and Peruíbe (BPE) and montmorillonite matured in Águas de Lindóia (MAL) Poços de 

Caldas (MPC) and Peruíbe (MPE) and the threshold effect concentration (TEC) and probable effect concentration (PEC) values 

[18]. 
 As Cr Zn Ba Br Ca (%) Ce 

BENTONITE 9.3 ± 0.1 7.2 ± 0.2 90 ± 1 316 ± 11 7.06 ± 0.08 1.13 ± 0.02 98.6 ± 0.4 

BAL 9.1 ± 0.1 7.1 ± 0.2 85 ± 1 351 ± 11 9.47 ± 0.08 1.08 ± 0.02 112.7 ± 0.4 

BPC 8.6 ± 0.2 7.1 ± 0.3 92 ± 2 403 ± 24 4.9 ± 0.3 0.55 ± 0.01 104 ± 2 

BPE 7.9 ± 0.2 4.3 ± 0.1 102 ± 2 396 ± 22 775 ± 2 0.63 ± 0.01 80 ± 2 

MONTMORILLONITE 6 ± 0.1 71 ± 1 207 ± 3 543 ± 21 1.05 ± 0.07 2.16 ± 0.05 93.4 ± 0.4 

MAL 6 ± 0.1 72 ± 2 97 ± 3 401 ± 22 1.36 ± 0.07 1.69 ± 0.06 92.9 ± 2.1 

MPC 2.8 ± 0.1 73 ± 1 230 ± 6 465 ± 29 4 ± 0.1 1.05 ± 0.04 86 ± 2 

MPE 2.2 ± 0.1 59 ± 1 167 ± 4 453 ± 20 229.8 ± 0.7 1.88 ± 0.06 78 ± 2 

TECa/PECb 9.79/33 44.3/111 121/459     
 Co Cs Eu Fe (%) Hf K (%) La 

BENTONITE 1.16 ± 0.02 0.3 ± 0.1 0.994 ± 0.007 2.23 ± 0.02 7.07 ± 0.03 0.5 ± 0.09 50.6 ± 0.6 

BAL 1.33 ± 0.01 0.5 ± 0.1 0.737 ± 0.007 2.72 ± 0.02 7.98 ± 0.02 0.51 ± 0.09 54.4 ± 0.7 

BPC 1.44 ± 0.02 0.91 ± 0.04 0.74 ± 0.01 2.66 ± 0.02 7.89 ± 0.06  51.5 ± 1 

BPE 1.36 ± 0.02 0.5 ± 0.04 0.61 ± 0.01 2.16 ± 0.02 6.35 ± 0.05 0.9 ± 0.2 39.6 ± 0.7 

MONTMORILLONITE 17.5 ± 0.08 11.44 ± 0.09 1.429 ± 0.009 4.88 ± 0.04 3.62 ± 0.02 3.2 ± 0.4 47 ± 0.9 

MAL 17.2 ± 0.1 10 ± 0.1 1.36 ± 0.04 4.91 ± 0.04 3.13 ± 0.03 1.6 ± 0.1 49.6 ± 1 

MPC 18.2 ± 0.1 13.4 ± 0.8 1.76 ± 0.03 4.88 ± 0.03 1.72 ± 0.02 2.8 ± 0.3 46.9 ± 0.9 

MPE 14.9 ± 0.1 9.9 ± 0.6 1.45 ± 0.02 3.82 ± 0.03 2.69 ± 0.02 1.8 ± 0.2 39 ± 0.8 
a Threshold effect concentration 

b Probable effect concentration 
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Table 3: Continuation. 

 Lu Na Nd Rb Sb Sc Se 

BENTONITE 0.521 ± 0.006 1.47 ± 0.02 48 ± 1 14.5 ± 0.4 1.23 ± 0.02 5.49 ± 0.02 1.5 ± 0.1 

BAL 0.611 ± 0.005 1.25 ± 0.02 62 ± 1 13.7 ± 0.4 1.42 ± 0.02 6.3 ± 0.02 1.7 ± 0.1 

BPC 0.589 ± 0.015 1.22 ± 0.02 47 ± 2 20.4 ± 0.9 1.19 ± 0.02 6.27 ± 0.02 1.4 ± 0.2 

BPE 0.465 ± 0.012 5.43 ± 0.09 24 ± 2 12.6 ± 0.6 1.02 ± 0.02 4.86 ± 0.02 1.1 ± 0.2 

MONTMORILLONITE 0.39 ± 0.007 0.13 ± 0.002 48 ± 1 195 ± 2 0.59 ± 0.02 17.11 ± 0.05 1.4 ± 0.1 

MAL 0.34 ± 0.01 0.12 ± 0.003 44 ± 5 208 ± 6 0.61 ± 0.03 17.52 ± 0.06 1.4 ± 0.3 

MPC 0.289 ± 0.01 0.68 ± 0.01 35 ± 3 219 ± 7 0.56 ± 0.02 18.8 ± 0.1  

MPE 0.325 ± 0.009 3.38 ± 0.05 49 ± 4 180 ± 5 0.14 ± 0.01 14.86 ± 0.05 0.8 ± 0.2 

 Sm Ta Tb Th U  Yb Zr 

BENTONITE 10.3 ± 0.3 2.4 ± 0.03 1.5 ± 0.05 37.4 ± 0.1 13 ± 0.2 1.83 ± 0.02 302 ± 14 

BAL 11.3 ± 0.3 2.71 ± 0.03 1.68 ± 0.02 44 ± 0.1 14.5 ± 0.2 3.58 ± 0.02 329 ± 10 

BPC 21 ± 1 2.72 ± 0.05 1.39 ± 0.05 41 ± 2 14 ± 0.5 3.6 ± 0.2 285 ± 11 

BPE 14.9 ± 0.8 2.14 ± 0.04 1.02 ± 0.03 31 ± 1 10.6 ± 0.4 2.9 ± 0.1 250 ± 9 

MONTMORILLONITE 8.3 ± 0.2 1.08 ± 0.02 0.72 ± 0.03 18.03 ± 0.06 2.9 ± 0.1 2.38 ± 0.05 225 ± 23 

MAL 8 ± 0.2 1.15 ± 0.03 0.83 ± 0.05 16.73 ± 1.09 6 ± 0.2 1.6 ± 0.1 108 ± 33 

MPC 7.4 ± 0.2 1.39 ± 0.04 0.35 ± 0.07 17.3 ± 0.7 5.7 ± 0.2 1.7 ± 0.1 267 ± 29 

MPE 6.5 ± 0.2 0.75 ± 0.06 0.58 ± 0.04 14.8 ± 0.6 4.4 ± 0.2 1.8 ± 0.1 165 ± 12 
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Table 4: Trace element concentrations, in μg L−1, except Fe, K and Na (mg L-1) in Águas de Lindóia and Poços de Caldas water. 

 As Ba Br Ca Ce Cl Co Cr Cs Eu 

CQ     0.3 ± 0.1 0.471 ± 0.006   1.05 ± 0.04  

MQ 10.6 ± 0.2 13294 ± 958 8 ± 3 120 ± 5 29 ± 12 0.795 ± 0.009 17 ± 3 75 ± 13 66 ± 4 5 ± 1 

PB   21 ± 2 0.1 ± 0.04 0.2 ± 0.1 1.075 ± 0.007   0.73 ± 0.05  

BFF  102 ± 33 8 ± 1 1.28 ± 0.04    0.3 ± 0.2   

BFQ    0.73 ± 0.02       

BMF  200 ± 108 11 ± 1 1.34 ± 0.05 0.187 ± 0.002  0.08 ± 0.01 1.3 ± 0.2  0.056 ± 0.005 

BMQ  122 ± 41 8 ± 1 1.43 ± 0.06 3.2 ± 0.1  0.1 ± 0.02 0.9 ± 0.2  0.055 ± 0.004 
 Fe Hf K La Lu Mn Na Nd Rb Sb 

CQ   1.1 ± 0.6    11.11 ± 0.07 22 ± 7 37 ± 1 0.34 ± 0.09 

MQ 30 ± 1 110 ± 3 1.2 ± 0.4  16.6 ± 0.6 9 ± 2 6.4 ± 0.02 553 ± 82 1469 ± 107 2.85 ± 0.05 

PB   2.7 ± 0.8    9.96 ± 0.04  35 ± 1 0.6 ± 0.05 

BFF   0.4 ± 0.2    0.068 ± 0.003 3.6 ± 0.5 3.5 ± 0.2 0.06 ± 0.02 

BFQ   0.5 ± 0.2    0.057 ± 0.003 15.2 ± 0.1 2.7 ± 0.2 0.098 ± 0.009 

BMF 0.06 ± 0.01  0.767 ± 0.003 0.03 ± 0.03   0.095 ± 0.003 2.4 ± 0.1 3.5 ± 0.2 0.094 ± 0.004 

BMQ   0.983 ± 0.009 0.04 ± 0.03   0.086 ± 0.003 18.4 ± 0.1 3.762 ± 0.003 0.071 ± 0.006 
 Sc Se Ta Th Ti U Yb Zn Zr  

CQ 0.003 ± 0.002       7.8 ± 0.4   

MQ 1 ± 0.2 721 ± 26 831 ± 9    202 ± 7 7147 ± 137 40538 ± 716  

PB     490 ± 269 0.4 ± 0.1  14.2 ± 0.6   

BFF  0.08 ± 0.05      15.2 ± 1.9 16 ± 2  

BFQ    0.13 ± 0.04    13.7 ± 1.6   

BMF 0.002 ± 0.001 0.03 ± 0.01      153 ± 82 42 ± 3  

BMQ 0.003 ± 0.001  0.45 ± 0.04     10.8 ± 0.7 6.64 ± 0.02  
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Water samples from Águas de Lindóia (BFF, BFQ, BMF, BMQ) and Poços de Caldas (CQ, 

MQ, PB) were also analyzed, and the results are shown in table 4. Those water samples presented 

results that were agreeable to each other, with very low concentrations and in the same order of 

magnitude, but Mariquinha spring (MQ) presented much higher concentrations for all the 

determined elements in relation to the other springs. This is probably due to the rock percolated by 

the water of MQ spring. 

Concerning the bentonite peloid obtained with the three different types of water, it can be noted 

that the maturation process favored a slight increase in the concentration of the elements Ba, Co, 

Cs, and K. The concentration of Fe, Hf, Lu, Nd, Rb, Sb, Sc, if, Sm, Ta, Tb, Th, U, and Zn was not 

changed after maturation. For the elements As and Cr, it can be noted that the concentrations were 

slightly lower in the peloid matured with Peruíbe water (7.9 µg g-1 and 4.3 µg g-1) when compared 

with the peloid obtained with Águas de Lindóia (9.1 µg g-1 and 7.1 µg g-1) and Poços de Caldas (8.6 

µg g-1 and 7.1 µg g-1) water. In the bentonite peloid obtained with the Peruíbe seawater, the 

concentrations of Na and Zn appear larger (5.43 µg g-1 and 250 µg g-1, respectively) when 

compared with the peloid obtained by the maturation with Águas de Lindóia and Poços de Caldas 

water. A significant difference was noted in the increase of Br and Na concentration by the 

maturation with sea water in both clays. The Br concentration in the bentonite after maturation 

increased from 7.06 µg g-1 to 775 µg g-1 and in the montmorillonite increased from 1.05 µg g-1 to 

229.8 µg g-1. For the element Na, the concentration in the bentonite after maturation increased from 

1.47 to 5.43% and in the montmorillonite, from 0.13 to 3.38%. The concentration of Ca in bentonite 

remains the same with maturation using Águas de Lindóia water, however, a slight decrease of the 

concentration of this element is noticed in peloids obtained by maturation with Poços de Caldas and 

Peruíbe water. However, in montmorillonite the Ca concentration decreased after the maturation 

process with the three types of water. 

Compared with the values for elements found in peloids from European spas and [19] and 

Peruibe Black Mud [4], it is observed that the concentrations of  Br, Co, Cr, Cs, Na, and Rb are 

lower and the concentrations of Ca, Sb, Sm, Ta, Tb, Th, and U are higher in these bentonite and 

montmorillonite samples. 
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4. CONCLUSION 

 

This study proposed to characterize the elemental composition of peloids artificially obtained by 

the maturation process of mixing bentonite and montmorillonite with mineral-medicinal water from 

Águas de Lindóia, Poços de Caldas and seawater from Peruíbe. 

The use of Águas de Lindóia water for both bentonite and montmorillonite did not cause any 

significant change in pH in relation to non-matured clays. However, the peloids matured with Poços 

de Caldas water showed a slight increase in the pH value while the one matured with Peruíbe water 

showed a slight increase only for the maturation of bentonite. 

It was possible to note an increase in the organic matter content in bentonite samples matured 

with all three types of water. For montmorillonite matured samples, it was possible to note an 

increase of organic matter only in the sample matured with Peruíbe seawater. The increase of 

organic matter may be related to the biological activity of microorganisms present in the water or 

the ones already living in the clays that found in the water a good environment for growing. 

Water samples from Águas de Lindóia and Poços de Caldas were also analyzed and showed 

concordant results, with very low concentrations at the same order of magnitude. Only the MQ 

spring presented much higher concentrations for all elements in relation to the other water samples 

analyzed, probably due to the rock in which the water of the MQ source percolates.  

The non-matured montmorillonite presented slightly higher concentrations of the elements Eu, 

Fe, K, Rb and Sc and much higher concentrations the elements Co, Cr, Cs and Zn than non-matured 

bentonite. The elements As, Br, Hf, Lu, EM, Sb, Hf, Sm, Ta, Tb, Th, and Zr were at higher 

concentrations in non-matured bentonite.  

A significant increase in Br and Na concentration was noted in the samples matured with 

seawater from Peruíbe in both types of clay. A slight decrease in Ca concentration was noticed in 

the peloids obtained by the maturation of bentonite with Poços de Caldas and Peruíbe water and no 

difference was observed by the maturation using Águas de Lindóia water. In montmorillonite 

samples, the Ca concentration decreases after the maturation process with the three types of water. 

According to the results obtained in this work, it is possible to note that bentonite matured in 

seawater presented the best response to the production of a therapeutic peloid, because it presents a 
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greater increase of organic matter after the maturation process when compared with 

montmorillonite and maturation of bentonite in other waters as well as a pH increase. 
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