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Three peloids were studied, prepared with three mineral-medicinal water (MMW) from
the spas at Alicun (sulphate, rich in magnesium and calcium, highly mineralized), Zujar
(sulphate, rich in sodium chloride, highly mineralized) and Graena (sulphate, rich in
magnesium and calcium, highly mineralized) (province of Granada, Spain) and
matured for three months, in order to determine their properties and suitability for use
in pelotherapy. Their solid phase were prepared by mixing kaolin and bentonite (9:1,
w:w). In the peloids the following were studied: composition of interstitial liquid,
granulometry, physicochemical properties (specific surface area -SSA-, cation
exchange capacity -CEC- and exchangable bases), crystallinity index of the minerals,
thermal behaviour and ultramicroscopic fabric using scanning electron microscopy
(SEM) and image analysis (IA). A modification of the ionic concentration of the
interstitial liquid was observed with regard to the initial MMW, namely, an increase in
the concentration of Na + and K + , and a decrease in Ca 2+ and Mg 2+ ,duetoa
cationic exchange between the exchangable cations of the solid phase and the ions of
the MMW. Increases in the fraction <2 ym, SSA and CEC were also observed. The
crystallinity index of the kaolinite had decreased after three months' maturation, as
compared to the initial mineral sample. The fabric developed during maturation was
porous and reticulated and the fabric parameters are related to the thermal properties
of the peloid. The properties of the three peloids studied make them potentially suitable
for use in pelotherapy.
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is prepared.
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In the Materials section the solid:liquid ratio used to prepare the peloids has to be
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give the reasons to use this particular kaolin/bentonite ratio. If these are published data
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al., 2007) and we have improved the quality of the material by introducing smectite.
The methodology should be overall better detailed, including preparation of samples to
apply the different techniques and number of tests performed for each determination.
Answer: Accepted according to editor. We have explained how the water-clay mixture
was matured (lines 78-80) and the analytical method for exchangeable cations (lines
92-93).

We have performed a minimum of three repetitions on each analytical determination,
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| do not understand why the authors prefer to insist on the results obtained by laser
granulometry instead of those obtained by SS, which are more reliable. | agree with
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SS and LD. In addition, using the two methods of granulometric determination allows to
identify which is the most appropriate, when comparing the granulometric results by SS
and LD with those obtained with electron microscopy and the data derived from the
image analysis. This result may be useful for other researchers. The conclusive thing is
that the laser method is the most used by other authors to determine the granulometry
of the peloids (Pozo et al., 2019 and 2018; Armijo et al., 2016; Armijo and Maraver,
2019).

In any case, it is necessary to include the granulometry of the material before
maturation so that to assess the effect of maturation.

Answer: The granulometry of initial mineral sample is shown in Table 2: 9,4% sand,
43,8% fine silt and 46,8% clay (determined by sieving-sedimentation, SS) and that of
the matured peloid is in Table 2.
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Line 83: Description of the analytical method for exchangeable cations.
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Line 115: To have a real understanding of the processes that have taken place during
the three months of maturation you should have a reference target.

Answer. The processes that have taken place during the three months of maturation
are explained in the text: the ionic change (lines 22, 24, 139, 249), the decrease in
particle size (line 159, 172) and the dispersion process of particles in peloids fabric
(lines 207, 210).

Blanks are obtained by subjecting the peloid to the same treatment but with distilled
water, so that the dissolution processes that take place between the solid material and
the water are detected. These results should be considered when interpreting the data
of the interstitial water of the peloids after maturation with MMW.

Answer: Respect to blanks, we do not understand the question, because in the
Technical Note there are no mixtures of the peloid with distilled water as the Reviewer
refers to.

Line 116: Classification of waters:

A0: Ca-Mg-SO4 type water

A3: Na-SO4 type water

Z0: Na-SO4-Cl type water
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A3 and G3 have changed the classification as the initial MMW but Z3 maintain the
same classification.

Answer: Revised according to ref. 7. Lines 129-130.

In all waters after three months of maturation the concentrations Ca and Mg decrease
and Na concentrations increase. The largest increase is observed in G3.

Answer: Revised according to ref. 7. Lines 133-134.

Line 121: Water from Zujar have the highest total dissolved solids (TDS) of all the
waters (3726 mg/L in Z0 and 4172 mg/L in Z3), but the largest increase between initial
waters and peloids waters is in G3 water (TDS of 2108 mg/L in GO to 3222 mg/L in
G3).
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Both kaolin and bentonite are the most widely used clays in spas worldwide (see Carretero,
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manuscripts (Fernandez-Gonzélez et al., 2013, 2017), to be able to compare their properties.
Always using the same solid phase, prepared peloids with different liquid phases can be
compared to each other. Many of the cosmetic masks for widespread use have high proportions
of kaolinite (Viseras et al., 2007) and we have improved the quality of the material by
introducing smectite.

The methodology should be overall better detailed, including preparation of samples to apply
the different techniques and number of tests performed for each determination.

Answer: Accepted according to editor. We have explained how the water-clay mixture was
matured (lines 78-80) and the analytical method for exchangeable cations (lines 92-93).

We have performed a minimum of three repetitions on each analytical determination, but it is
not usual to collect this accuracy in the text

I do not understand why the authors prefer to insist on the results obtained by laser
granulometry instead of those obtained by SS, which are more reliable. | agree with reviewer #1
that the laser part could have been removed.

Answer: We think that laser granulometry should be included in the manuscript because it
perfects it. First to compare our results with those of other papers that use SS and LD. In
addition, using the two methods of granulometric determination allows to identify which is the
most appropriate, when comparing the granulometric results by SS and LD with those obtained
with electron microscopy and the data derived from the image analysis. This result may be
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other authors to determine the granulometry of the peloids (Pozo et al., 2019 and 2018; Armijo
et al., 2016; Armijo and Maraver, 2019).
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Abstract

Three peloids were studied, prepared with three mineral-medicinal water (MMW)
from the spas at Alicin (sulphate, rich in magnesium and calcium, highly mineralized),
ZUjar (sulphate, rich in sodium chloride, highly mineralized) and Graena (sulphate, rich
in magnesium and calcium, highly mineralized) (province of Granada, Spain) and
matured for three months, in order to determine their properties and suitability for use in
pelotherapy. Their solid phase were Maﬂ prepared by mixing kaolin and bentonite (9:1,
w:w). In the peloids the following were Masl studied: composition of interstitial liquid,
granulometry, physicochemical properties (specific surface area -SSA-, cation exchange
capacity -CEC- and exchangable bases), crystallinity index of the minerals, thermal
behaviour and ultramicroscopic fabric using scanning electron microscopy (SEM) and
image analysis (IA). A modification of the ionic concentration of the interstitial liquid
was observed with regard to the initial MMW, namely, an increase in the concentration
of Na* and K*, and a decrease in Ca?* and Mg?*, due to a—{eanemq exchange between the
exchangable cations of the solid phase and the ions of the MMW. Increases in the
proportion loﬂ fraction <2 um, SSA and CEC were also observed. The crystallinity index
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of the kaolinite Pad[ decreased after three months’ maturation, as compared to the initial
mineral sample. The fabric developed during maturation was porous and reticulated and
the fabric parameters are Mere\ related to the thermal properties of the peloid. The
properties of the three peloids studied make them potentially suitable for use in
pelotherapy.
Key words
Peloids, mineral-medicinal waters, kaolin, bentonite, maturation, SEM-fabric, Spanish
spa
1. Introduction

The use of pelotherapy in spas is becoming increasingly popular. Nonetheless,
few spas employ peloids. A peloid is a maturated mud or muddy dispersion with healing
and/or cosmetic properties, composed of a complex mixture of fine-grained natural

materials of geological and/or biological origins, mineral water or sea water, and

commonly organic compounds from biological metabolic activity” (Gomes et al., 2013D.
Peloids require a certain period of contact between the liquid and solid phases, known
as “maturation”, during which the components mix, interact and biological activity may
occur. Currently there are only four Spanish spas that use peloids therapeutically: El
Raposo, Arnedillo, Caldas de Boi and Archena. From these spas, mineralogical and
chemical composition, and ethers ther properties of the peloids has have been studied
(Carretero et al., 2010; Pozo et al., 2013), or in El Raposo spa, the effectiveness of the
pelotherapy has been studied (Galvez et al., 2019). New peloids need to be produced to
counter lcounteracd the lack of these in spas, and, consequently, the study and evaluation
of the quality of the raw materials suitable for their production is also required (Pozo et

al., 2019; amongst others). Studies are usually carried out by mixing the raw materials

(clays) with mineral-medicinal waters (MMW) or seawater, varying the maturation time

{ Commented [P5]: Accepted according to editor

{ Commented [P6]: Accepted according to editor

[ Commented [P7]: Accepted according to editor.

{ Commented [P8]: Accepted according to editor

{ Commented [P9]: Accepted according to editor

{ Commented [P10]: Accepted according to editor

{ Commented [P11]: Accepted according to editor




52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

and studying the suitability of each peloid for use in pelotherapy (Veniale et al., 2004;
Carretero et al., 2007; Gamiz et al., 2009; Fernandez-Gonzalez et al., 2017; among
others). Some of these authors (Veniale et al., 2004; Fernandez-Gonzalez et al., 2017)
Fepert[reported\ that modifications in the clays used for peloid preparation, with different
maturation times, vary h/aried\ according to the MMW used. For a complete review see
Carretero (2020a, 2020b).

The aim of this study is Mas\ to evaluate the properties of the peloids prepared with
three MMW from three spas (Alicin, Zijar and Graena) in the province of Granada
(Spain) with very different saline concentration and the same solid phase and maturation
time with regard to their potential use in pelotherapy. This evaluation will-be was lbasedl
on the modification of mineral crystallinity, chemical, physical and physicochemical
properties of the peloids matured for three months. Previously, studies of peloids made
with other MMW from spas in Granada were carried out (Gamiz et al., 2009;
Fernandez-Gonzalez et al., 2013 and 2017).

The waters selected have historically been in use from 2000 years L’agd However,
these waters have never been studied as the liquid phase for peloid preparation with the
exception of those from Graena, studied by semelauthers—{Sanchez-Espejo et al.;
(2015).

The results of this research will serve as a basis for the spas whose waters are used
in this work, to make their own peloids, and to implement the technique of pelotherapy
in their establishments.

2. Materials and methods.

Flihq MMW of Alicin (A0), Zujar (Z0) and Graena (GO) were sampled. The

following parameters were in situ measured: temperature (with a digital thermometer),

pH and electrical conductivity (potentiometric method).

{ Commented [P12]: Accepted according to editor

{ Commented [P13]: Accepted according to editor

{ Commented [P14]: Accepted according to editor

[ Commented [P15]: Accepted according to editor

[ Commented [P16]: Accepted according to editor

{ Commented [P17]: Accepted according to editor

{ Commented [P18]: Accepted according to editor




77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

The solid phase of the peloid (sample P) was prepared by mixing kaolin and
bentonite in the ratio 9:1 (w:w) and were mixed with the MMW in the ratio 2:1
(liquid:solid, w:w): 1000 ml of liquid phase and 500 g of solid ]phasel. These raw
materials are pharmaceutical and cosmetic minerals of relatively high purity (kaolin:

87% kaolinite; bentonite: 94% baponiteb and they have been studied previously (Gamiz

et al., 2009). All samples were kept at a temperature of around 20°]C|. The water-clay
mixture was matured during three months by periodically stirring the peloid mass while
humidity control was achieved by weighing the containers in order to maintain their
initial humidity conditions (Fernandez-Gonzélez et al., 2013, 2017); after whieh this
}timd, the peloid samples (samples Pas, Pzs, Pcs) were obtained for determination of the
fabric and cooling kinetics. The interstitial liquid (Ligin)) (Samples A3, Z3, G3) was
extracted by suction (approx. 100 kPa) and separated from the peloids while the
remaining solid part (samples A3p, Z3p, G3p) was employed for the study of
granulometry, mineral crystallinity and physicochemical properties.

The chemical and physicochemical properties of MMW (A0, Z0, GO) and Ligint (A3,
Z3, G3) was-carried-out were analyzed (Fernéandez-Gonzélez et al., 2013).

To estimate the granulometry, two methods have—been \were used: sieving-
sedimentation (SS granulometry) (Soil Survey Staff, 2014) and laser (LD granulometry)
(Fernéndez-Gonzélez et al., [2017).

The specific surface area (SSA) was determined using ethylene glycol monomethyl
ether (EGME) (Carter et al., 1986); also, cation exchange capacity (CEC) and the
exchangeable cations (Ca?*, Mg?*, Na* and K*) were determined by atomic absorption
(MAPA, 1994).

Crystallinity was determined in the kaolinite and saponite of the initial sample and in

the solid phases of the peloids using X-ray diffraction (XRD) diagrams. The Hinckley
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index (HI) (Hinckley, 1963) of the kaolinite was determined in disoriented powder
diagrams, and the crystallinity of the saponite (Integral Breadth, 1B) (Ehrmann et al.,
2005) was determined in diagrams of clay samples solvated with ethylene glycol.

To study the peloid fabric, the methodology described by Ferndndez-Gonzélez et al.
(2017) was followed. The samples has—beer Merel studied using scanning electron
microscopy (SEM) (Hitachi S-510) and an energy-dispersive X-ray (EDX)
spectrometer. The microphotographs were analyzed with the IMAGE J software
(National Institute of Health, 2008).

The cooling kinetics was studied following Ferrand and Yvon (1991) and Cara et al.
(2000). Using data of temperature with time-cooling we—can—caleulate AT was
kalculatedl: the accumulated decreases in temperature (AT=T0—Tn, being T0=65 °C).
AT and time fit a logarithmic function (y=aLn(x)+b; y=AT, x=time) with, in all cases,
R%>0.9. The time necessary for the decrease of 22.5 °C (At—2s «c; 22.5 being 75% of
the total decrease in temperature in the experiment) (Gamiz et al., 2009) was calculated
for each peloid.

3. Results and discussion.
3.1. Analysis of the waters (MMW and Ligint)

The values of dry residue obtained for the samples of MMW (Table 1), were
greater than 2 g L"l‘, demonstrating that these are highly mineralized waters,
corroborated by electrical conductivity values (>3 mS cm™). The temperature of the
MMW during sampling was 35.0, 39.]0\ and 41.7 °C for A0, Z0 and GO, respectively and
in agreement with Maraver and Armijo (2010) measures. Thus, these MMW could be
classified (in balneological terms) as “mesothermal”, A0, and “hyperthermal”, Z0 and
GO0. The pH values obtained in all the samples (MMW and Ligin) were very similar,

ranging around 7.5- 8. These values are h/vere\ related to the presence of bicarbonates in
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the three MMW, probably resulting from the geological origin of these waters, which
emerge in areas rich in limestones and dolomites. According to the chemical
composition of the MMW, Alicin and Graena was Were classified as calcium- and
magnesium-rich sulphate waters, and Zajar was sodium chloride-rich sulphate water, in

agreement with Maraver and Armijo (2010).

After three months’ |maturation, Na* concentration had increased (in Ligin),

particularly in the peloids from Alicun and Graena (the largest increase is observed in

G3). In fact, A3 is was classified as calcium-—magnesium—and sodium-rich sulphate

waters, differently from AO. The same occurred in the Z3 and G3, altheugh-maintaining
the-same-classification-as-the-initial MMW.-which are classified as sodium chloride-rich
sulphate waters and sodium rich sulphate waters, [respectively. In all cases, the
concentration of calcium and magnesium decreased in the Ligint (in some samples,
almost threefold after maturation: i.e., for magnesium, from 150 mg It in AO to 60 mg I

Lin A3). In addition, there was a higher ionic concentration in Ligin: of Graena than in

that of Z(jar (whose MMW has had the driest residue) thar-in-that-ofGraena, resulting

in the peloids prepared with MMW from Alican (with the lowest residue) presented the
lowest ionic content. On the other hand, the concentration of SO42, CI-, CO3? present in
the Ligin: inerease fincreased in relation to that of the MMW. Thus, the decrease
observed in the ions Ca?* and Mg?* in Ligint must be related to the retention of these
ions in the clay used for the solid phase, resulting in cationic exchange of K* and Na*
from the solid phase with Ca?* and Mg?*. This is supported by the observed increase in
Ca®* and Mg?* and decrease in Na* and K*, on determining the exchangeable cations in
the solid phase of the peloids (see Table 3 and section 3.3). All these evidences are

indicating indicate| that during maturation, there is was an exchange of cations from the

mineral phase to the liquid phase of the peloids and vice-versa. Changes in the
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composition of the interstitial liquid of peloids, compared to MMW, were registered by
some authors (Fernandez-Gonzalez et al., 2013; Spilioti et al., 2017; Yicesoy et al.,
2019). There are Wwere differences detected in the ionic concentration of the interstitial
liquid with respect to the initial MMW, so that therapeutic applications of the peloids
witl would not have exactly the same effect as the initial MMW have.
3.2. Granulometry

Granulometry’s results (for LD or SS) showed great homogeneity. In LD (Figure
1), the peloids consist of fine silt (>50%), clay fraction not even attaining 20%. In SS,
fine silt reach around 40% and clay fraction is 53%. The difference of results between
the SS and LD is attributed to that they are different techniques. Taubner et al. (2009)
have developed equations to transform data between the two methods. When applied to
our case, these equations provided coherent results, particularly for the clay fraction.
E.g., the clay content measured with LD in A3p is 18,1% (Table 2) turns into 53,01%
by using Taubner et al. (2009) equations, a value very similar to 53,8% (SS-measured).

The results SS show that a small increase in the fraction <2 um occurs during
maturation, when compared to sample P. The decrease in particle size has also been
reported by other authors (da Silva et al., 2015).
3.3. Physicochemical properties

The external SSA of the peloids (Table 3) increased with respect to sample P,
most evident in Z3p. It may be due both to the composition of the MMW (sodium acts
as a dispersing cation) (Table 1) and to the peloid fabric (greater |highed porosity) that
implies greater surface area (Figures 2, 3 and 4) (Table 4). A similar tendency was
observed for total SSA, which presents values higher than external SSA, sometimes
duplicating them; this may be due to the method used to determine total SSA, involving

the use of ethylene glycol monoethyl ether (EGME), a polar molecule.
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The CEC of the peloids ranged from 10.28 cmol:kg? to 11.12 cmohkg'lll, and
increased slightly in all the matured peloids compared to sample P. This is due to the
increase in the fraction <2 um and SSA.

For the exchangeable cations, the sequence of quantities in the sample P was
Na>>K~Mg>Ca. In the peloids, this sequence was substantially modified:
Ca>Mg>Na>K. These modifications are important, as they affect to the ionic
concentration of the interstitial liquid. The exchangeable cations can potencially be
transferred to human sweat (Carretero et al., 2010) and then to the skin.

3.4. Mineral crystallinity

The crystallinity index of the kaolinite (HI) in the peloids ranged between 0.55
and 0.63 (Table 3), the range of medium values, according to Hinckley (1963). HI
decreased in the three peloids (Table 3) when compared to sample P. The increase in
defects in the kaolinite structure during maturation is due to the larger particles in
vermicular stacks or pseudohexagonal crystals, with high cristallinity (Delgado et al.,
1994), when preparing and maturing the peloids, they break down into individual
smaller particles with more defects (Gamiz et al., 2009; Fernandez-Gonzélez et al.,
2017). SEM study detected kaolinite stacks in sample P but not in the peloids, which
were always composed of laminar particles (Figures 2, 3 and 4).

The Integral Breath (IB) values of the smectite (saponite) were around 1.18;
according to Ehrmann et al. (2005), these would be considered “well crystalline”. The
crystallinity was slightly higher in the peloids than in the original mineral. This may be
due to the potassium, which enters the interlaminar zone of the saponite and is
sequestered, thereby stabilizing the structure and increasing the perfection of
crystallinity, making the saponite closer to mica (Velde and Barré, 2010). This

hypothesis is supported by the considerable decrease in the concentration of
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exchangeable potassium in the peloids, compared to the initial sample. Sanchez et al.
(2002), in contrast to the present study, reported a decrease in the crystallinity of
saponites during maturation. However, in this case the composition of the MMW (iron-
rich, bicarbonate and sulphate) was different to our MMW. Carretero et al. (2007),
using seawater for the maturation, also reported a decrease in the crystallinity of the
smectites with maturation time.

3.5. Fabric

The SEM fabric of the three peloids revealed (Figures 2, 3, 4) to be ordered
hierarchically by size in primary particles of similar size (around 1.10 pm), which create
clusters of varying size (5 pm - Pgs, 10 pm- Pas, 15 pm- Pz3) (Table 4). There were also
large laminar particles with generally joints face-face with some face-edge. Porosity|
was significant in all three samples, although there were some differences with regard to
the MMW employed (Pzs >> Ps3 > Pas). Thus, the peloid prepared with MMW from Zujar
showed the most porous fabric. The disperse and reticulated appearance of Pas fabric
dispersion process (individualization of particles). In case of Pzs (Figure 3c), small
“clusters” with a tactoid-like appearance were also observed, forming an open fabric,
also porous and reticulated which even classified as “house of cards/honeycomb”.

The EDX microanalysis (Figures 2c, 3c and 4c) eerreberate corroborated the
kaolinitic nature, with peaks of silica and aluminum of similar heights. There were also
peaks of magnesium, iron and a small one of potassium, which can be attributed to the
disperse smectite between the kaolinite laminae (particularly notable in Pg3). In no case
was a microanalysis clearly attributable to saponite detected.

Possible relationships between the IA fabric jparameters (Table 4) and the

properties of the peloids were also considered. The granulometry (Table 2), crystallinity
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index of the smectite and the exchangeable cations (principally Na*) (Table 3) are Mere\
clearly related to the fabric parameters. Thus, the Feret diameter of the pores is Wwas
positively related to the percentage of fine silt measured by LD (r = 0.998; P<0.05). The
P<0.05). The sodium of the exchange complex (cmol.kg?) is negatively related with the
size of the primary particles (r = 0.999; P<0.01) so that the higher the concentration of
sodium the smaller the primary particles (they disperse). The fabric is thus highly
dependent on, and informative of, the properties of the solid phase and the concentration
and nature of the cations present in the MMW. This fabric of peloids is of great interest
and, as yet, relatively undeveloped.

3.6 Cooling kinetics.

The descending sequence of cooling times At.22sec (in minutes) (Figure 5) would be
from slowest to fastest: Pz (12.32) > Pas (11.75) > Pz3 (11.37). The difference was only
one minute and are werel therefore thermally similar, as they have-had a similar water
content, particle size and mineral composition of the initial clay (Ferrand and Yvon,
1991; Armijo et al., 2016). Millero (2001) reported that salinity inversely affected the
thermal conductivity of water so that less saline waters conducted heat better and cooled
more rapidly. In the present study, albeit with small differences, the quantities of solid
residue in the Ligint followed the sequence Z3 > G3 > A3 and the expected cooling
sequence would be Pas< Pg3< Pzs, the opposite of what actually occurs. Therefore, the
characteristics of water do not fully explain the behavior of these peloids. In this way, a
correlation was observed between the time taken At.osec (min) and Feret diameter of
the pores (r =-0.997; P<0.05), and also the Feret diameter of the clusters. Consequently,
a fabric with smaller clusters will cool more slowly (At.22sec higher) according to Gamiz

et al. (2009).
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4. Final considerations on the potential applications of peloids.

As-we-have-found The differences between MMW and Ligin;, this-assumes mean
that the peloid will act not exactly like MMW at the skin level. This fact has-already
some ions of MMW L’*@ retained by the clay during maturation (mainly calcium and
magnesium) while others are h/vere\ released to the liquid phase (through ionic exchange
processes). The pH values of the Ligint (around pH = 8, Table 1) confer a slight
alkalinity on the peloids, which could be used to treat a variety of skin conditions (Tateo
et al., 2010). Topical application of these peloids would thus produce a change in the
chemical reactions on the skin, on changing the acid equilibrium of this tissue
(Takigawa et al., 2005).

The granulometry of eur hhe\ peloids (silty-clayey) coincides with that found by
other authors for peloids for use in spas (Karakaya et al., 2010; Pozo et al., 2013). With
regard to their suitability, this granulometry renders them suitable for use in spas
(Carretero et al., 2010, 2014).

The values of both external and total SSA were relatively high (50 and 100 m?
per gram, respectively) rendering this material suitable for the adsorption and release of
active principles, skin cleansing, etc. A high SSA results in a greater capacity for
absorption and adsorption (Carretero et al., 2014). In terms of CEC, according to Matike
et al. (2011), the peloids in the present study (with values of CEC <15 cmol+kg™) would
behave as ion sources.

In all the samples, the crystalline perfection of the kaolinite (HI) decreased with
maturation, although some small differences in HI were observed, depending on the

MMW employed. This phenomenon could improve the ability to delay the release of
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drugs adsorbed to the peloid (Delgado et al., 1994), rendering eur hhe\ peloids bemgL
suitable for therapeutic application.

The degree of cooling of the three peloids is Mas\ similar. The values of At2zsc
are Mere{ within the range of peloids prepared with other MMW from spas in Granada
(Gamiz et al., 2009; Ferndndez-Gonzalez et al., 2017).

The type of dispersed-, porous- and reticulated-fabric observed in the peloids are
considered of interest for pelotherapy. Even Pzs is “house of cards/honeycomb”, the best
of the three. According to Vali and Bachmann (1988), the fabric of the colloidal
dispersions of clay is related to the rheological properties relevant to peloid application.
Fabrics such as “house of cards/honeycomb” or reticulated increase the viscosity or
elasticity of the mud, both of which are favourable properties for handling and applying
to the skin. The mechanisms for the release and adsorption of ions and polar molecules
are also affected by the microstructure.

Wecan-thus-conclude It can be concluded that the three peloids studied have
similar properties, which make them potentially suitable for use in pelotherapy. Thus,
the MMW from the Alicin, Zijar and Graena spas are a good raw material for the
preparation of peloids.

Dedication

This study is dedicated to the memory of the eminent professor and researcher
Emilio Galan, our friend, who dedicated his life and work to the study of minerals and
their applications.

Acknowledgements

This work was funded by the Andalusia Board Groups RNM-127 (“Soil Science

and Geopharmacy”) and RNM-349 (‘Mineralogy and Environmental Geochemistry and

Health’).

12

{ Commented [P65]: Accepted according to editor.

{ Commented [P66]: Accepted according to editor.

{ Commented [P67]: Accepted according to editor.

{ Commented [P68]: Accepted according to editor.

[ Commented [P69]: Accepted according to editor.




301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

References
Armijo, F., Maraver, F., Pozo, M., Carretero, M.1., Armijo, O., Fernandez-Toran, M.A.,
Fernandez-Gonzalez, M.V., Corvillo, 1., 2016. Thermal behaviour of clays and

clay-water mixtures for pelotherapy. Applied Clay Science, 126, 50-56.

Cara, S., Carcangiu, G., Padalino, G., Palomba, M., Tamanini, M., 2000. The bentonites
in pelotherapy: thermal properties of clay pastes from Sardinia (Italy). Appl. Clay

Sci. 16, 125-132.

Carretero, M.1., Pozo, M., Sanchez, C., Garcia, F.J., Medina, J.A., Bernabé, J.M., 2007.
Comparison of saponite and montmorillonite behaviour during static and stirring

maturation with seawater for pelotherapy. Appl. Clay Sci. 36, 161-173.

Carretero, M.J., Pozo, M., Martin-Rubi, J.A., Pozo, E., Maraver, F., 2010. Mobility of
elements in interaction between artificial sweat and peloids used in Spanish spas.

Appl. Clay Sci. 48, 506-515.

Carretero, M.l., Pozo, M., Legido, J.L., Fernandez-Gonzélez, M.V., Delgado, R.,
Gomez, 1., Armijo, F., Maraver, F., 2014. Assessment of three Spanish clays for

their use in pelotherapy. Appl. Clay Sci. 99, 131-143.

Carretero, M.1., 2020a. Clays in pelotherapy. A review. Part |: Mineralogy, chemistry,

physical and physicochemical properties. Appl. Clay Sci. 189, 105526.

Carretero, M.I., 2020b. Clays in pelotherapy. A review. Part 1l: Organic compounds,

microbiology and medical applications. Appl. Clay Sci. 189, 105531.

Carter, D.L., Mortland, M.M., Kemper, W.D., 1986. Specific Surface, in Klute, A.

(Eds), Methods of Soil Analysis, Part 1 (Agronomy n°9): Physical and

13



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

Mineralogical Methods, American Society of Agronomy, Inc. and Soil Science

Society of America, Inc. (USA), pp. 413-422.

da Silva, P.S.C., Torrecilha, J.K., Gouvea, P.F.M., Maduar, M.F., de Oliveira, S.M.B.,
Scapin, M.A., 2015. Chemical and radiological characterization of Peruibe Black

Mud. Appl. Clay Sci. 118, 221-230.

Delgado, R., Delgado, G., Ruiz, A., Gallardo, V., Gdmiz, E., 1994. The crystallinity of
several Spanish kaolin: correlation with sodium amylobarbitone release. Clay

Minerals 29, 785-797.

Ehrmann, W., Setti, M., Marinoni, L., 2005. Clay minerals in Cenozoic sediments off
Cape Roberts (McMurdo Sound, Antarctica) reveal palaeoclimatic history.

Palaeogeography Palaeoclimatology Palaeoecology 229, 187-211.

Fernandez-Gonzalez, M.V., Martin-Garcia, J.M., Delgado, G., Parraga, J., Delgado, R.,
2013. A study of the chemical, mineralogical and physicochemical properties of
peloids prepared with two mineral-medicinal waters from Lanjaron Spa (Granada,

Spain). Appl. Clay Sci. 80-81, 107-116.

Fernandez-Gonzalez, M.V., Martin-Garcia, J.M., Delgado, G., Parraga, J., Carretero,
M.1., Delgado, R., 2017. Physical properties of peloids prepared with medicinal
mineral waters from Lanjar6n Spa (Granada, Spain). Appl. Clay Sci. 135, 465-

474.

Ferrand, T., Yvon, J., 1991. Thermal properties of clay pastes for pelotherapy. Appl.

Clay Sci. 6, 21-38.

Gélvez, I., Torres-Piles, S., Ortega, E., 2019. Effect of mud-bath therapy on the

innate/inflammatory responses in elderly patients with osteoarthritis: a discussion

14



346

347

348

349

350

351

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

of recent results and a pilot study on the role of the innate function of monocytes.

Int. J. Biometeorol. https://doi.org/10.1007/s00484-019-01748-4.

Gémiz, E., Martin-Garcia J.M., Fernandez-Gonzalez, M.V., Delgado, G., Delgado, R.,
2009. Influence of water type and maturation time on the properties of kaolinite-

saponite peloids. Applied Clay Science 46, 117-123.

Hinckley, D.N., 1963. Variability in crystallinity values among the kaolin deposits of
the coastal plain of Georgia and South Carolina. Clays and Clay Min. Proceedings

of the eleventh Nat. Conf. Canada. Pergamon Press.

Karakaya, M.C., Karakaya, N., Sarioglan, S., Koral, M., 2010. Some properties of

thermal muds of some spas in Turkey. Appl. Clay Sci. 48, 531-537.

MAPA (Ministerio de Agricultura, Pesca y Alimentacion), 1994. Métodos oficiales de
analisis de suelos y aguas para riego: métodos quimicos. Métodos oficiales de

anélisis, Tomo I11, pp. 219-283 (Madrid).

Maraver, F., Armijo, F., 2010. Vademecum Il de aguas mineromedicinales espafiolas.

Editorial Complutense, Madrid

Matike, D.M.E., Ekosse, G.L.E., Ngole, V.M., 2011. Physico-chemical properties of
clayey soils used traditionally for cosmetics in Eastern Cape, South Africa.

International Journal of the Physical Sciences 6, 7557—7566.

Millero, F.J., 2001. The Physical Chemistry of Natural Waters. John Wiley & Sons,

NewYork

National Institutes of Health, 2008. ImageJ. Image Processing and Analysis in Java.

http://rsh.info.nih.gov/ij

15

{Commented [P70]: Accepted according to ref. 7.



http://rsb.info.nih.gov/ij

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

Pozo, M., Carretero, M.l., Maraver, F., Pozo, E., Gémez, I., Armijo, F., Martin Rubi,
J.A., 2013. Composition and physico-chemical properties of peloids used in

Spanish spas: a comparative study. Appl. Clay Sci. 83-84, 270-279

Pozo, M., Armijo, F., Maraver, F., Zuloaga, P., Ejeda, J.M., Corvillo, 1., 2019
Variations in the Texture Profile Analysis (TPA) Properties of Clay/Mineral-
Medicinal Water Mixtures for Pelotherapy: Effect of Anion Type. Minerals, 9,

114.

Sanchez, C., Parras, J., Carretero, M.l., 2002. The effect of maturation upon the
mineralogical and phsicochemical properties of illitic-smectitic clays for

pelotherapy. Clay Minerals 37, 457-463.

Sanchez-Espejo, R., Cerezo, P., Aguzzi, C., Lopez-Galindo, A., Machado, J., Viseras,
C., 2015. Physicochemical and in vitro cation release relevance of therapeutic

muds “maturation”. Applied Clay Science 116-117, 1-7.

Soil Survey Staff, 2014. In: Burt, R., Soil Survey Staff (Eds.), Soil Survey Field and
Laboratory Methods Manual. Soil Survey Investigations Report No. 51, Version

2.0. U.S. Department of Agriculture, Natural Resources Conservation Service.

Spilioti, E., Vargiami, M., Letsiou, S., Gardikis, K., Sygouni, V., Koutsoukos, P.,
Chinou, 1., Kassi, E., Moutsatsou, P., 2017. Biological properties of mud extracts

derived from various spa resorts. Environ. Geochem. Health 39, 821-833.

Takigawa, H., Nagakawa, H., Kuzukawa, M., Mori, H., Imokawa, G., 2005. Deficient
production of hexadecenoic acid in the skin is associated in part with the
vulnerability of atopic dermatitis patients to colonization by Staphylococcus

aureus. Dermatology 211, 240-248.

16



391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

Tateo, F., Agnini, C., Carraro, A., Giannossi, M.L., Margiotta, S., Medici, L., Finizzio,
F.E., Summa, V., 2010. Short-term and long-term maturation of different clays for
pelotherapy in an alkaline—sulphate mineral water (Rapolla, Italy). Applied Clay

Science 50, 503-511.

Taubner, H., Roth, B., Tippkoétter, R., 2009. Determination of soil texture: comparison
of the sedimentation method and the laser-diffraction analysis. J. Plant Nutr. Soil

Sci. 172, 161-171.

Vali, H., Bachmann, L., 1988. Ultrastructure and flow behavior of colloidal smectite

dispersions. J. Colloid Interface Sci. 126, 278-291.

Velde, B., Barré, P., 2010. Soils, Plants and Clay Minerals. Springer-Verlag, Berlin.

Veniale, F., Barberis, E., Carcangiu, G., Morandi, N., Setti, M., Tamanini, M., Tessier,
D., 2004. Formulation of muds for pelotherapy: effects of maturation by different

mineral waters. Applied Clay Science 25, 135-148.

Yiicesoy, H., Gegmen, 1., Adigiizel, T., Karagiille, M., Karagiille, M.Z., 2019. Efficacy
of balneological outpatient treatment (hydrotherapy and peloidotherapy) for the
management of chronic low back pain: a retrospective study. Int. J. Biometeorol.

63, 351-357.

17



409

410

411

412

413

414

415

416

417

418

419

420

Figure captions

Figure 1 Laser granulometry of peloid samples A3p, Z3p and G3p.

Figure 2 SEM-EDX and IA of sample Pas. a) Image; b) Binary pore mask of a); c)

Image, detail of a); d) Pore mask of c)

Figure 3 SEM-EDX and 1A of the sample Pzs. a) Image; b) Binary pore mask of a); c)

Image, detail; d) Pore mask of c)

Figure 4 SEM-EDX and IA of the sample Pga. a) Image; b) Pore mask of a); c) Image,

detail; d) Pore mask of c)

Figure 5 Cooling kinetics of peloids Pas, Pzs and Pgs. Variation of temperature, AT,

with time (AT = To-Tn; To= 65 °C).
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421  Table 1 Parameters of the mineral-medicinal waters (MMW: AQ, Z0, G0) and the liquid phases of peloids (Ligin: A3, Z3, G3).

o JC JC JC JC JC JC JC JC

Samples
A0? A3 Z0 Z3 GOP G3
Electrical conductivity (20 °C) (mS cm) 3.02¢ 2.86 6.72¢ 5.75 3.35¢ 3.20
pH 7.98¢ 7.87 7.42° 8.18 7.68° 7.88
Temperature (°C) 35.0¢ - 39.0¢ - 41.7¢ -
Solid residue (110 °C) (g +IL1%) 2.05 2.34 3.85 4.40 247 291 [COmmented [P71]: Accepted according to editor.
Chloride (mg | lul) 8L.14 113.30 804.66 994.60 9.35 5325 [Commented [P72]: Accepted according to editor.
Sulphate (mg #[L%) 1296.10 1303.70 1581.65 160320 142345  2084.10 [ Commented [P73]: Accepted according to editor.
Carbonate (mg 4 lu-1) 0.00 150.00 0.00 120.00 0.00 60.00 [Commented [P74]: Accepted according to editor.
Bicarbonate (mg 4 L) 242.40 122.00 203.60 91.50 12000  113.02 [ Commented [P75]: Accepted according to editor.
Calcium (mg #[Lt) 335.00 107.00 321.00 17000 41745 13475 [COmmemed [P76]: Accepted according to editor.
Magnesium (mg § LI*) 150.00 60.00 160.00 100.00 9920 50.00 [mmmemed [P77]: Accepted according to editor.
Sodium (mg [Lt) 100.00 648.73 640.00 1078.50 3250 71486 [COmmemed [P78]: Accepted according to editor.
Potassium (mg §L1*) 5.00 9.00 15.00 14.00 6.00 12.00 [Commented [P79]: Accepted according to editor.
Iron (mg + lLrl) 0.01 ND 0.02 0.01 0.03 0.03 {Commented [P80]: Accepted according to editor.
422 Abbreviations: ND= not detected
423 2 Trace anions: NOs™ = 0,445 mg N I'Y; NH4* < 0,04 mg N I
424 b Trace anions: NO3" < 0,002 mg N I'; NHs* = 0,14 mg N I

425 ¢ Measured at the sampling point



426

427  Table 2 Granulometry of the solid phase (%) of the peloids (A3p, Z3p, G3p). Sieving-sedimentation and laser methods.

Sand Silt Clay
Samplet  Technique Total sand Coarse sand  Fine sand (USDA) Total sand (Internacional Total silt (USDA)  Coarse silt (USDA) Fine silt (USDA) (0.02 Clay (USDA)
(USDA) 2—  (USDA) 2—  (0.2—0.05 mm) system) (2 —0.02 mm) (0.05-0.002 mm) (0.05-0.02 mm) —0.002 mm) (<0.002 mm)
0.05 mm) 0.2 mm)
A3p SS 16 0.1 15 10.8 44.6 6.8 37.8 53.8
LD 7.6 0.0 7.7 285 74.3 20.9 53.4 18.1
Z3p SS 1.9 0.1 1.8 9.8 445 13 432 53.7
LD 7.3 0.0 7.3 279 745 20.6 53.9 18.2
G3p SS 22 0.1 2.1 7.2 44.2 1.9 42.3 53.6
LD 105 0.0 10.5 30.3 724 19.8 52.6 17.1

428 Abbreviations: USDA= United States Department of Agriculture; SS= Sieving-sedimentation; LD= Laser

429 P (initial mineral sample): 9,4% sand, 43,8% fine silt and 46,8% clay (determined by sieving-sedimentation, SS)



430

431

432

433 Table 3 Physicochemical parameters and mineral crystallinity indices of the initial mineral

434 sample (P) and solid phase of peloids (A3p, Z3p, G3p).

Samples

P A3p Z3p G3p
External SSA (m2 g?) 425 53.9 63.7 57.9
Total SSA (m?g?) 100.9 120.1 113.9 116.5
CEC (cmol+ kg™) 9.4 11.12 10.83 10.28
Ca?* (cmol+ kg™ 5.1 13.11 7.75 8.96
Mg?* (cmol. kgt 55 7.63 6.69 6.38
Na* (cmol. kg?) 8.4 4.78 5.79 4.29
K* (cmol+ kg?) 5.6 0.41 0.38 0.32
HI 0.71 0.66 0.63 0.55
1B 1.24 1.18 1.17 1.19

435 Abbreviations: SSA= specific surface area; CEC= cation exchange capacity; HI= Hincley’s Index (for kaolinite); IB=

436 Integral breadth (for saponite)

437



438  Table 4 Fabric parameters of the peloids (Pas, Pzs, Pss) measured with SEM-IA.

Samples
Pas Pzs Pas
Feret diameter of primary particles
Mean (um) 1.14 1.09 1.16
Max — min (um) 2.3-0.49 1.88-0.52 2.66 - 0.52
n 50 50 50
Feret diameter of particle clusters
Mean (um) 9.94 14.94 5.52
Max — min (um) 15.48 - 4.59 24.84 -8.98 9.26-2.94
n 50 50 50
Voids
Total area occupied (%) 11.34 24.87 14.35
Mean area (Um?) 6.42 10.92 2.99
Feret diameter (um) 4.20 4.80 3.00
n 355 455 921
439
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Abstract

Three peloids were studied, prepared with three mineral-medicinal water (MMW)
from the spas at Alicin (sulphate, rich in magnesium and calcium, highly mineralized),
ZUjar (sulphate, rich in sodium chloride, highly mineralized) and Graena (sulphate, rich
in magnesium and calcium, highly mineralized) (province of Granada, Spain) and
matured for three months, in order to determine their properties and suitability for use in
pelotherapy. Their solid phase were Maﬂ prepared by mixing kaolin and bentonite (9:1,
w:w). In the peloids the following were Masl studied: composition of interstitial liquid,
granulometry, physicochemical properties (specific surface area -SSA-, cation exchange
capacity -CEC- and exchangable bases), crystallinity index of the minerals, thermal
behaviour and ultramicroscopic fabric using scanning electron microscopy (SEM) and
image analysis (IA). A modification of the ionic concentration of the interstitial liquid
was observed with regard to the initial MMW, namely, an increase in the concentration
of Na* and K*, and a decrease in Ca?* and Mg?*, due to a—{eanemq exchange between the
exchangable cations of the solid phase and the ions of the MMW. Increases in the
proportion loﬂ fraction <2 um, SSA and CEC were also observed. The crystallinity index
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of the kaolinite Pad[ decreased after three months’ maturation, as compared to the initial
mineral sample. The fabric developed during maturation was porous and reticulated and
the fabric parameters are Mere\ related to the thermal properties of the peloid. The
properties of the three peloids studied make them potentially suitable for use in
pelotherapy.
Key words
Peloids, mineral-medicinal waters, kaolin, bentonite, maturation, SEM-fabric, Spanish
spa
1. Introduction

The use of pelotherapy in spas is becoming increasingly popular. Nonetheless,
few spas employ peloids. A peloid is a maturated mud or muddy dispersion with healing
and/or cosmetic properties, composed of a complex mixture of fine-grained natural

materials of geological and/or biological origins, mineral water or sea water, and

commonly organic compounds from biological metabolic activity” (Gomes et al., 2013D.
Peloids require a certain period of contact between the liquid and solid phases, known
as “maturation”, during which the components mix, interact and biological activity may
occur. Currently there are only four Spanish spas that use peloids therapeutically: El
Raposo, Arnedillo, Caldas de Boi and Archena. From these spas, mineralogical and
chemical composition, and ethers ther properties of the peloids has have been studied
(Carretero et al., 2010; Pozo et al., 2013), or in El Raposo spa, the effectiveness of the
pelotherapy has been studied (Galvez et al., 2019). New peloids need to be produced to
counter lcounteracd the lack of these in spas, and, consequently, the study and evaluation
of the quality of the raw materials suitable for their production is also required (Pozo et

al., 2019; amongst others). Studies are usually carried out by mixing the raw materials

(clays) with mineral-medicinal waters (MMW) or seawater, varying the maturation time
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and studying the suitability of each peloid for use in pelotherapy (Veniale et al., 2004;
Carretero et al., 2007; Gamiz et al., 2009; Fernandez-Gonzalez et al., 2017; among
others). Some of these authors (Veniale et al., 2004; Fernandez-Gonzalez et al., 2017)
Fepert[reported\ that modifications in the clays used for peloid preparation, with different
maturation times, vary h/aried\ according to the MMW used. For a complete review see
Carretero (2020a, 2020b).

The aim of this study is Mas\ to evaluate the properties of the peloids prepared with
three MMW from three spas (Alicin, Zijar and Graena) in the province of Granada
(Spain) with very different saline concentration and the same solid phase and maturation
time with regard to their potential use in pelotherapy. This evaluation will-be was lbasedl
on the modification of mineral crystallinity, chemical, physical and physicochemical
properties of the peloids matured for three months. Previously, studies of peloids made
with other MMW from spas in Granada were carried out (Gamiz et al., 2009;
Fernandez-Gonzalez et al., 2013 and 2017).

The waters selected have historically been in use from 2000 years L’agd However,
these waters have never been studied as the liquid phase for peloid preparation with the
exception of those from Graena, studied by semelauthers—{Sanchez-Espejo et al.;
(2015).

The results of this research will serve as a basis for the spas whose waters are used
in this work, to make their own peloids, and to implement the technique of pelotherapy
in their establishments.

2. Materials and methods.

Flihq MMW of Alicin (A0), Zujar (Z0) and Graena (GO) were sampled. The

following parameters were in situ measured: temperature (with a digital thermometer),

pH and electrical conductivity (potentiometric method).
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The solid phase of the peloid (sample P) was prepared by mixing kaolin and
bentonite in the ratio 9:1 (w:w) and were mixed with the MMW in the ratio 2:1
(liquid:solid, w:w): 1000 ml of liquid phase and 500 g of solid ]phasel. These raw
materials are pharmaceutical and cosmetic minerals of relatively high purity (kaolin:

87% kaolinite; bentonite: 94% baponiteb and they have been studied previously (Gamiz

et al., 2009). All samples were kept at a temperature of around 20°]C|. The water-clay
mixture was matured during three months by periodically stirring the peloid mass while
humidity control was achieved by weighing the containers in order to maintain their
initial humidity conditions (Fernandez-Gonzélez et al., 2013, 2017); after whieh this
}timd, the peloid samples (samples Pas, Pzs, Pcs) were obtained for determination of the
fabric and cooling kinetics. The interstitial liquid (Ligin)) (Samples A3, Z3, G3) was
extracted by suction (approx. 100 kPa) and separated from the peloids while the
remaining solid part (samples A3p, Z3p, G3p) was employed for the study of
granulometry, mineral crystallinity and physicochemical properties.

The chemical and physicochemical properties of MMW (A0, Z0, GO) and Ligint (A3,
Z3, G3) was-carried-out were analyzed (Fernéandez-Gonzélez et al., 2013).

To estimate the granulometry, two methods have—been \were used: sieving-
sedimentation (SS granulometry) (Soil Survey Staff, 2014) and laser (LD granulometry)
(Fernéndez-Gonzélez et al., [2017).

The specific surface area (SSA) was determined using ethylene glycol monomethyl
ether (EGME) (Carter et al., 1986); also, cation exchange capacity (CEC) and the
exchangeable cations (Ca?*, Mg?*, Na* and K*) were determined by atomic absorption
(MAPA, 1994).

Crystallinity was determined in the kaolinite and saponite of the initial sample and in

the solid phases of the peloids using X-ray diffraction (XRD) diagrams. The Hinckley
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index (HI) (Hinckley, 1963) of the kaolinite was determined in disoriented powder
diagrams, and the crystallinity of the saponite (Integral Breadth, 1B) (Ehrmann et al.,
2005) was determined in diagrams of clay samples solvated with ethylene glycol.

To study the peloid fabric, the methodology described by Ferndndez-Gonzélez et al.
(2017) was followed. The samples has—beer Merel studied using scanning electron
microscopy (SEM) (Hitachi S-510) and an energy-dispersive X-ray (EDX)
spectrometer. The microphotographs were analyzed with the IMAGE J software
(National Institute of Health, 2008).

The cooling kinetics was studied following Ferrand and Yvon (1991) and Cara et al.
(2000). Using data of temperature with time-cooling we—can—caleulate AT was
kalculatedl: the accumulated decreases in temperature (AT=T0—Tn, being T0=65 °C).
AT and time fit a logarithmic function (y=aLn(x)+b; y=AT, x=time) with, in all cases,
R%>0.9. The time necessary for the decrease of 22.5 °C (At—2s «c; 22.5 being 75% of
the total decrease in temperature in the experiment) (Gamiz et al., 2009) was calculated
for each peloid.

3. Results and discussion.
3.1. Analysis of the waters (MMW and Ligint)

The values of dry residue obtained for the samples of MMW (Table 1), were
greater than 2 g L"l‘, demonstrating that these are highly mineralized waters,
corroborated by electrical conductivity values (>3 mS cm™). The temperature of the
MMW during sampling was 35.0, 39.]0\ and 41.7 °C for A0, Z0 and GO, respectively and
in agreement with Maraver and Armijo (2010) measures. Thus, these MMW could be
classified (in balneological terms) as “mesothermal”, A0, and “hyperthermal”, Z0 and
GO0. The pH values obtained in all the samples (MMW and Ligin) were very similar,

ranging around 7.5- 8. These values are h/vere\ related to the presence of bicarbonates in
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the three MMW, probably resulting from the geological origin of these waters, which
emerge in areas rich in limestones and dolomites. According to the chemical
composition of the MMW, Alicin and Graena was Were classified as calcium- and
magnesium-rich sulphate waters, and Zajar was sodium chloride-rich sulphate water, in

agreement with Maraver and Armijo (2010).

After three months’ |maturation, Na* concentration had increased (in Ligin),

particularly in the peloids from Alicun and Graena (the largest increase is observed in

G3). In fact, A3 is was classified as calcium-—magnesium—and sodium-rich sulphate

waters, differently from AO. The same occurred in the Z3 and G3, altheugh-maintaining
the-same-classification-as-the-initial MMW.-which are classified as sodium chloride-rich
sulphate waters and sodium rich sulphate waters, [respectively. In all cases, the
concentration of calcium and magnesium decreased in the Ligint (in some samples,
almost threefold after maturation: i.e., for magnesium, from 150 mg It in AO to 60 mg I

Lin A3). In addition, there was a higher ionic concentration in Ligin: of Graena than in

that of Z(jar (whose MMW has had the driest residue) thar-in-that-ofGraena, resulting

in the peloids prepared with MMW from Alican (with the lowest residue) presented the
lowest ionic content. On the other hand, the concentration of SO42, CI-, CO3? present in
the Ligin: inerease fincreased in relation to that of the MMW. Thus, the decrease
observed in the ions Ca?* and Mg?* in Ligint must be related to the retention of these
ions in the clay used for the solid phase, resulting in cationic exchange of K* and Na*
from the solid phase with Ca?* and Mg?*. This is supported by the observed increase in
Ca®* and Mg?* and decrease in Na* and K*, on determining the exchangeable cations in
the solid phase of the peloids (see Table 3 and section 3.3). All these evidences are

indicating indicate| that during maturation, there is was an exchange of cations from the

mineral phase to the liquid phase of the peloids and vice-versa. Changes in the
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composition of the interstitial liquid of peloids, compared to MMW, were registered by
some authors (Fernandez-Gonzalez et al., 2013; Spilioti et al., 2017; Yicesoy et al.,
2019). There are Wwere differences detected in the ionic concentration of the interstitial
liquid with respect to the initial MMW, so that therapeutic applications of the peloids
witl would not have exactly the same effect as the initial MMW have.
3.2. Granulometry

Granulometry’s results (for LD or SS) showed great homogeneity. In LD (Figure
1), the peloids consist of fine silt (>50%), clay fraction not even attaining 20%. In SS,
fine silt reach around 40% and clay fraction is 53%. The difference of results between
the SS and LD is attributed to that they are different techniques. Taubner et al. (2009)
have developed equations to transform data between the two methods. When applied to
our case, these equations provided coherent results, particularly for the clay fraction.
E.g., the clay content measured with LD in A3p is 18,1% (Table 2) turns into 53,01%
by using Taubner et al. (2009) equations, a value very similar to 53,8% (SS-measured).

The results SS show that a small increase in the fraction <2 um occurs during
maturation, when compared to sample P. The decrease in particle size has also been
reported by other authors (da Silva et al., 2015).
3.3. Physicochemical properties

The external SSA of the peloids (Table 3) increased with respect to sample P,
most evident in Z3p. It may be due both to the composition of the MMW (sodium acts
as a dispersing cation) (Table 1) and to the peloid fabric (greater |highed porosity) that
implies greater surface area (Figures 2, 3 and 4) (Table 4). A similar tendency was
observed for total SSA, which presents values higher than external SSA, sometimes
duplicating them; this may be due to the method used to determine total SSA, involving

the use of ethylene glycol monoethyl ether (EGME), a polar molecule.
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The CEC of the peloids ranged from 10.28 cmol:kg? to 11.12 cmohkg'lll, and
increased slightly in all the matured peloids compared to sample P. This is due to the
increase in the fraction <2 um and SSA.

For the exchangeable cations, the sequence of quantities in the sample P was
Na>>K~Mg>Ca. In the peloids, this sequence was substantially modified:
Ca>Mg>Na>K. These modifications are important, as they affect to the ionic
concentration of the interstitial liquid. The exchangeable cations can potencially be
transferred to human sweat (Carretero et al., 2010) and then to the skin.

3.4. Mineral crystallinity

The crystallinity index of the kaolinite (HI) in the peloids ranged between 0.55
and 0.63 (Table 3), the range of medium values, according to Hinckley (1963). HI
decreased in the three peloids (Table 3) when compared to sample P. The increase in
defects in the kaolinite structure during maturation is due to the larger particles in
vermicular stacks or pseudohexagonal crystals, with high cristallinity (Delgado et al.,
1994), when preparing and maturing the peloids, they break down into individual
smaller particles with more defects (Gamiz et al., 2009; Fernandez-Gonzélez et al.,
2017). SEM study detected kaolinite stacks in sample P but not in the peloids, which
were always composed of laminar particles (Figures 2, 3 and 4).

The Integral Breath (IB) values of the smectite (saponite) were around 1.18;
according to Ehrmann et al. (2005), these would be considered “well crystalline”. The
crystallinity was slightly higher in the peloids than in the original mineral. This may be
due to the potassium, which enters the interlaminar zone of the saponite and is
sequestered, thereby stabilizing the structure and increasing the perfection of
crystallinity, making the saponite closer to mica (Velde and Barré, 2010). This

hypothesis is supported by the considerable decrease in the concentration of
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exchangeable potassium in the peloids, compared to the initial sample. Sanchez et al.
(2002), in contrast to the present study, reported a decrease in the crystallinity of
saponites during maturation. However, in this case the composition of the MMW (iron-
rich, bicarbonate and sulphate) was different to our MMW. Carretero et al. (2007),
using seawater for the maturation, also reported a decrease in the crystallinity of the
smectites with maturation time.

3.5. Fabric

The SEM fabric of the three peloids revealed (Figures 2, 3, 4) to be ordered
hierarchically by size in primary particles of similar size (around 1.10 pm), which create
clusters of varying size (5 pm - Pgs, 10 pm- Pas, 15 pm- Pz3) (Table 4). There were also
large laminar particles with generally joints face-face with some face-edge. Porosity|
was significant in all three samples, although there were some differences with regard to
the MMW employed (Pzs >> Ps3 > Pas). Thus, the peloid prepared with MMW from Zujar
showed the most porous fabric. The disperse and reticulated appearance of Pas fabric
dispersion process (individualization of particles). In case of Pzs (Figure 3c), small
“clusters” with a tactoid-like appearance were also observed, forming an open fabric,
also porous and reticulated which even classified as “house of cards/honeycomb”.

The EDX microanalysis (Figures 2c, 3c and 4c) eerreberate corroborated the
kaolinitic nature, with peaks of silica and aluminum of similar heights. There were also
peaks of magnesium, iron and a small one of potassium, which can be attributed to the
disperse smectite between the kaolinite laminae (particularly notable in Pg3). In no case
was a microanalysis clearly attributable to saponite detected.

Possible relationships between the IA fabric jparameters (Table 4) and the

properties of the peloids were also considered. The granulometry (Table 2), crystallinity
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index of the smectite and the exchangeable cations (principally Na*) (Table 3) are Mere\
clearly related to the fabric parameters. Thus, the Feret diameter of the pores is Wwas
positively related to the percentage of fine silt measured by LD (r = 0.998; P<0.05). The
P<0.05). The sodium of the exchange complex (cmol.kg?) is negatively related with the
size of the primary particles (r = 0.999; P<0.01) so that the higher the concentration of
sodium the smaller the primary particles (they disperse). The fabric is thus highly
dependent on, and informative of, the properties of the solid phase and the concentration
and nature of the cations present in the MMW. This fabric of peloids is of great interest
and, as yet, relatively undeveloped.

3.6 Cooling kinetics.

The descending sequence of cooling times At.22sec (in minutes) (Figure 5) would be
from slowest to fastest: Pz (12.32) > Pas (11.75) > Pz3 (11.37). The difference was only
one minute and are werel therefore thermally similar, as they have-had a similar water
content, particle size and mineral composition of the initial clay (Ferrand and Yvon,
1991; Armijo et al., 2016). Millero (2001) reported that salinity inversely affected the
thermal conductivity of water so that less saline waters conducted heat better and cooled
more rapidly. In the present study, albeit with small differences, the quantities of solid
residue in the Ligint followed the sequence Z3 > G3 > A3 and the expected cooling
sequence would be Pas< Pg3< Pzs, the opposite of what actually occurs. Therefore, the
characteristics of water do not fully explain the behavior of these peloids. In this way, a
correlation was observed between the time taken At.osec (min) and Feret diameter of
the pores (r =-0.997; P<0.05), and also the Feret diameter of the clusters. Consequently,
a fabric with smaller clusters will cool more slowly (At.22sec higher) according to Gamiz

et al. (2009).
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4. Final considerations on the potential applications of peloids.

As-we-have-found The differences between MMW and Ligin;, this-assumes mean
that the peloid will act not exactly like MMW at the skin level. This fact has-already
some ions of MMW L’*@ retained by the clay during maturation (mainly calcium and
magnesium) while others are h/vere\ released to the liquid phase (through ionic exchange
processes). The pH values of the Ligint (around pH = 8, Table 1) confer a slight
alkalinity on the peloids, which could be used to treat a variety of skin conditions (Tateo
et al., 2010). Topical application of these peloids would thus produce a change in the
chemical reactions on the skin, on changing the acid equilibrium of this tissue
(Takigawa et al., 2005).

The granulometry of eur hhe\ peloids (silty-clayey) coincides with that found by
other authors for peloids for use in spas (Karakaya et al., 2010; Pozo et al., 2013). With
regard to their suitability, this granulometry renders them suitable for use in spas
(Carretero et al., 2010, 2014).

The values of both external and total SSA were relatively high (50 and 100 m?
per gram, respectively) rendering this material suitable for the adsorption and release of
active principles, skin cleansing, etc. A high SSA results in a greater capacity for
absorption and adsorption (Carretero et al., 2014). In terms of CEC, according to Matike
et al. (2011), the peloids in the present study (with values of CEC <15 cmol+kg™) would
behave as ion sources.

In all the samples, the crystalline perfection of the kaolinite (HI) decreased with
maturation, although some small differences in HI were observed, depending on the

MMW employed. This phenomenon could improve the ability to delay the release of
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drugs adsorbed to the peloid (Delgado et al., 1994), rendering eur hhe\ peloids bemgL
suitable for therapeutic application.

The degree of cooling of the three peloids is Mas\ similar. The values of At2zsc
are Mere{ within the range of peloids prepared with other MMW from spas in Granada
(Gamiz et al., 2009; Ferndndez-Gonzalez et al., 2017).

The type of dispersed-, porous- and reticulated-fabric observed in the peloids are
considered of interest for pelotherapy. Even Pzs is “house of cards/honeycomb”, the best
of the three. According to Vali and Bachmann (1988), the fabric of the colloidal
dispersions of clay is related to the rheological properties relevant to peloid application.
Fabrics such as “house of cards/honeycomb” or reticulated increase the viscosity or
elasticity of the mud, both of which are favourable properties for handling and applying
to the skin. The mechanisms for the release and adsorption of ions and polar molecules
are also affected by the microstructure.

Wecan-thus-conclude It can be concluded that the three peloids studied have
similar properties, which make them potentially suitable for use in pelotherapy. Thus,
the MMW from the Alicin, Zijar and Graena spas are a good raw material for the
preparation of peloids.
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Figure captions

Figure 1 Laser granulometry of peloid samples A3p, Z3p and G3p.

Figure 2 SEM-EDX and IA of sample Pas. a) Image; b) Binary pore mask of a); c)

Image, detail of a); d) Pore mask of c)

Figure 3 SEM-EDX and 1A of the sample Pzs. a) Image; b) Binary pore mask of a); c)

Image, detail; d) Pore mask of c)

Figure 4 SEM-EDX and IA of the sample Pga. a) Image; b) Pore mask of a); c) Image,

detail; d) Pore mask of c)

Figure 5 Cooling kinetics of peloids Pas, Pzs and Pgs. Variation of temperature, AT,

with time (AT = To-Tn; To= 65 °C).
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421  Table 1 Parameters of the mineral-medicinal waters (MMW: AQ, Z0, G0) and the liquid phases of peloids (Ligin: A3, Z3, G3).

o JC JC JC JC JC JC JC JC

Samples
A0? A3 Z0 Z3 GOP G3
Electrical conductivity (20 °C) (mS cm) 3.02¢ 2.86 6.72¢ 5.75 3.35¢ 3.20
pH 7.98¢ 7.87 7.42° 8.18 7.68° 7.88
Temperature (°C) 35.0¢ - 39.0¢ - 41.7¢ -
Solid residue (110 °C) (g +IL1%) 2.05 2.34 3.85 4.40 247 291 [COmmented [P71]: Accepted according to editor.
Chloride (mg | lul) 8L.14 113.30 804.66 994.60 9.35 5325 [Commented [P72]: Accepted according to editor.
Sulphate (mg #[L%) 1296.10 1303.70 1581.65 160320 142345  2084.10 [ Commented [P73]: Accepted according to editor.
Carbonate (mg 4 lu-1) 0.00 150.00 0.00 120.00 0.00 60.00 [Commented [P74]: Accepted according to editor.
Bicarbonate (mg 4 L) 242.40 122.00 203.60 91.50 12000  113.02 [ Commented [P75]: Accepted according to editor.
Calcium (mg #[Lt) 335.00 107.00 321.00 17000 41745 13475 [COmmemed [P76]: Accepted according to editor.
Magnesium (mg § LI*) 150.00 60.00 160.00 100.00 9920 50.00 [mmmemed [P77]: Accepted according to editor.
Sodium (mg [Lt) 100.00 648.73 640.00 1078.50 3250 71486 [COmmemed [P78]: Accepted according to editor.
Potassium (mg §L1*) 5.00 9.00 15.00 14.00 6.00 12.00 [Commented [P79]: Accepted according to editor.
Iron (mg + lLrl) 0.01 ND 0.02 0.01 0.03 0.03 {Commented [P80]: Accepted according to editor.
422 Abbreviations: ND= not detected
423 2 Trace anions: NOs™ = 0,445 mg N I'Y; NH4* < 0,04 mg N I
424 b Trace anions: NO3" < 0,002 mg N I'; NHs* = 0,14 mg N I

425 ¢ Measured at the sampling point



426

427  Table 2 Granulometry of the solid phase (%) of the peloids (A3p, Z3p, G3p). Sieving-sedimentation and laser methods.

Sand Silt Clay
Samplet  Technique Total sand Coarse sand  Fine sand (USDA) Total sand (Internacional Total silt (USDA)  Coarse silt (USDA) Fine silt (USDA) (0.02 Clay (USDA)
(USDA) 2—  (USDA) 2—  (0.2—0.05 mm) system) (2 —0.02 mm) (0.05-0.002 mm) (0.05-0.02 mm) —0.002 mm) (<0.002 mm)
0.05 mm) 0.2 mm)
A3p SS 16 0.1 15 10.8 44.6 6.8 37.8 53.8
LD 7.6 0.0 7.7 285 74.3 20.9 53.4 18.1
Z3p SS 1.9 0.1 1.8 9.8 445 13 432 53.7
LD 7.3 0.0 7.3 279 745 20.6 53.9 18.2
G3p SS 22 0.1 2.1 7.2 44.2 1.9 42.3 53.6
LD 105 0.0 10.5 30.3 724 19.8 52.6 17.1

428 Abbreviations: USDA= United States Department of Agriculture; SS= Sieving-sedimentation; LD= Laser

429 P (initial mineral sample): 9,4% sand, 43,8% fine silt and 46,8% clay (determined by sieving-sedimentation, SS)



430

431

432

433 Table 3 Physicochemical parameters and mineral crystallinity indices of the initial mineral

434 sample (P) and solid phase of peloids (A3p, Z3p, G3p).

Samples

P A3p Z3p G3p
External SSA (m2 g?) 425 53.9 63.7 57.9
Total SSA (m?g?) 100.9 120.1 113.9 116.5
CEC (cmol+ kg™) 9.4 11.12 10.83 10.28
Ca?* (cmol+ kg™ 5.1 13.11 7.75 8.96
Mg?* (cmol. kgt 55 7.63 6.69 6.38
Na* (cmol. kg?) 8.4 4.78 5.79 4.29
K* (cmol+ kg?) 5.6 0.41 0.38 0.32
HI 0.71 0.66 0.63 0.55
1B 1.24 1.18 1.17 1.19

435 Abbreviations: SSA= specific surface area; CEC= cation exchange capacity; HI= Hincley’s Index (for kaolinite); IB=

436 Integral breadth (for saponite)

437



438  Table 4 Fabric parameters of the peloids (Pas, Pzs, Pss) measured with SEM-IA.

Samples
Pas Pzs Pas
Feret diameter of primary particles
Mean (um) 1.14 1.09 1.16
Max — min (um) 2.3-0.49 1.88-0.52 2.66 - 0.52
n 50 50 50
Feret diameter of particle clusters
Mean (um) 9.94 14.94 5.52
Max — min (um) 15.48 - 4.59 24.84 -8.98 9.26-2.94
n 50 50 50
Voids
Total area occupied (%) 11.34 24.87 14.35
Mean area (Um?) 6.42 10.92 2.99
Feret diameter (um) 4.20 4.80 3.00
n 355 455 921
439
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Abstract

Three peloids were studied, prepared with three mineral-medicinal water (MMW)
from the spas at Alicun (sulphate, rich in magnesium and calcium, highly mineralized),
Zujar (sulphate, rich in sodium chloride, highly mineralized) and Graena (sulphate, rich
in magnesium and calcium, highly mineralized) (province of Granada, Spain) and
matured for three months, in order to determine their properties and suitability for use in
pelotherapy. Their solid phase was prepared by mixing kaolin and bentonite (9:1, w:w).
In the peloids the following was studied: composition of interstitial liquid,
granulometry, physicochemical properties (specific surface area -SSA-, cation exchange
capacity -CEC- and exchangable bases), crystallinity index of the minerals, thermal
behaviour and ultramicroscopic fabric using scanning electron microscopy (SEM) and
image analysis (IA). A modification of the ionic concentration of the interstitial liquid
was observed with regard to the initial MMW, namely, an increase in the concentration
of Na* and K*, and a decrease in Ca®* and Mg®*, due to exchange between the
exchangable cations of the solid phase and the ions of the MMW. Increases in the
proportion of fraction <2 um, SSA and CEC were also observed. The crystallinity index
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of the kaolinite decreased after three months’ maturation, as compared to the initial
mineral sample. The fabric developed during maturation was porous and reticulated and
the fabric parameters were related to the thermal properties of the peloid. The properties
of the three peloids studied make them potentially suitable for use in pelotherapy.
Key words
Peloids, mineral-medicinal waters, kaolin, bentonite, maturation, SEM-fabric, Spanish
spa
1. Introduction

The use of pelotherapy in spas is becoming increasingly popular. Nonetheless,
few spas employ peloids. A peloid is a maturated mud or muddy dispersion with healing
and/or cosmetic properties, composed of a complex mixture of fine-grained natural
materials of geological and/or biological origins, mineral water or sea water, and
commonly organic compounds from biological metabolic activity” (Gomes et al., 2013).
Peloids require a certain period of contact between the liquid and solid phases, known
as “maturation”, during which the components mix, interact and biological activity may
occur. Currently there are only four Spanish spas that use peloids therapeutically: El
Raposo, Arnedillo, Caldas de Boi and Archena. From these spas, mineralogical and
chemical composition, and other properties of the peloids have been studied (Carretero
et al., 2010; Pozo et al., 2013), or in El Raposo spa, the effectiveness of the pelotherapy
has been studied (Galvez et al., 2019). New peloids need to be produced to counteract
the lack of these in spas, and, consequently, the study and evaluation of the quality of
the raw materials suitable for their production is also required (Pozo et al., 2019;
amongst others). Studies are usually carried out by mixing the raw materials (clays)
with mineral-medicinal waters (MMW) or seawater, varying the maturation time and

studying the suitability of each peloid for use in pelotherapy (Veniale et al., 2004;
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Carretero et al., 2007; Gamiz et al., 2009; Fernandez-Gonzalez et al., 2017; among
others). Some of these authors (Veniale et al., 2004; Fernandez-Gonzélez et al., 2017)
reported that modifications in the clays used for peloid preparation, with different
maturation times, varied according to the MMW used. For a complete review see
Carretero (2020a, 2020b).

The aim of this study was to evaluate the properties of the peloids prepared with
three MMW from three spas (Alicin, Zujar and Graena) in the province of Granada
(Spain) with very different saline concentration and the same solid phase and maturation
time with regard to their potential use in pelotherapy. This evaluation was based on the
modification of mineral crystallinity, chemical, physical and physicochemical properties
of the peloids matured for three months. Previously, studies of peloids made with other
MMW from spas in Granada were carried out (Gamiz et al., 2009; Fernandez-Gonzalez
etal., 2013 and 2017).

The waters selected have historically been in use from 2000 years. However, these
waters have never been studied as the liquid phase for peloid preparation with the
exception of those from Graena, studied by Sanchez-Espejo et al. (2015).

The results of this research will serve as a basis for the spas whose waters are used
in this work, to make their own peloids, and to implement the technique of pelotherapy
in their establishments.

2. Materials and methods.

MMW of Alicin (AOQ), Zdjar (Z0) and Graena (GO) were sampled. The following
parameters were in situ measured: temperature (with a digital thermometer), pH and
electrical conductivity (potentiometric method).

The solid phase of the peloid (sample P) was prepared by mixing kaolin and

bentonite in the ratio 9:1 (w:w) and were mixed with the MMW in the ratio 2:1
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(liquid:solid, w:w): 1000 ml of liquid phase and 500 g of solid phase. These raw
materials are pharmaceutical and cosmetic minerals of relatively high purity (kaolin:
87% kaolinite; bentonite: 94% saponite) and they have been studied previously (Gamiz
et al., 2009). All samples were kept at a temperature of around 20°C. The water-clay
mixture was matured during three months by periodically stirring the peloid mass while
humidity control was achieved by weighing the containers in order to maintain their
initial humidity conditions (Fernandez-Gonzalez et al., 2013, 2017); after this time, the
peloid samples (samples Pas, Pz3, Pc3) were obtained for determination of the fabric and
cooling kinetics. The interstitial liquid (Ligint) (Samples A3, Z3, G3) was extracted by
suction (approx. 100 kPa) and separated from the peloids while the remaining solid part
(samples A3p, Z3p, G3p) was employed for the study of granulometry, mineral
crystallinity and physicochemical properties.

The chemical and physicochemical properties of MMW (AQ, Z0, G0) and Ligint (A3,
Z3, G3) were analyzed (Fernandez-Gonzalez et al., 2013).

To estimate the granulometry, two methods were used: sieving-sedimentation (SS
granulometry) (Soil Survey Staff, 2014) and laser (LD granulometry) (Fernandez-
Gonzaélez et al., 2017).

The specific surface area (SSA) was determined using ethylene glycol monomethyl
ether (EGME) (Carter et al., 1986); also, cation exchange capacity (CEC) and the
exchangeable cations (Ca?*, Mg?*, Na* and K*) were determined by atomic absorption
(MAPA, 1994).

Crystallinity was determined in the kaolinite and saponite of the initial sample and in
the solid phases of the peloids using X-ray diffraction (XRD) diagrams. The Hinckley

index (HI) (Hinckley, 1963) of the kaolinite was determined in disoriented powder
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diagrams, and the crystallinity of the saponite (Integral Breadth, 1B) (Ehrmann et al.,
2005) was determined in diagrams of clay samples solvated with ethylene glycol.

To study the peloid fabric, the methodology described by Fernandez-Gonzélez et al.
(2017) was followed. The samples were studied using scanning electron microscopy
(SEM) (Hitachi S-510) and an energy-dispersive X-ray (EDX) spectrometer. The
microphotographs were analyzed with the IMAGE J software (National Institute of
Health, 2008).

The cooling kinetics was studied following Ferrand and Yvon (1991) and Cara et al.
(2000). Using data of temperature with time-cooling AT was calculated: the
accumulated decreases in temperature (AT=T0—Tn, being T0=65 °C). AT and time fit a
logarithmic function (y=aLn(x)+b; y=AT, x=time) with, in all cases, R?>0.9. The time
necessary for the decrease of 22.5 °C (At—225 °c; 22.5 being 75% of the total decrease in
temperature in the experiment) (Gamiz et al., 2009) was calculated for each peloid.

3. Results and discussion.
3.1. Analysis of the waters (MMW and Ligint)

The values of dry residue obtained for the samples of MMW (Table 1), were
greater than 2 g L™, demonstrating that these are highly mineralized waters,
corroborated by electrical conductivity values (>3 mS cm™). The temperature of the
MMW during sampling was 35.0, 39.0 and 41.7 °C for A0, Z0 and GO, respectively and
in agreement with Maraver and Armijo (2010) measures. Thus, these MMW could be
classified (in balneological terms) as “mesothermal”, A0, and “hyperthermal”, Z0 and
GO. The pH values obtained in all the samples (MMW and Liqin) were very similar,
ranging around 7.5- 8. These values were related to the presence of bicarbonates in the
three MMW, probably resulting from the geological origin of these waters, which

emerge in areas rich in limestones and dolomites. According to the chemical
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composition of the MMW, Alicin and Graena were classified as calcium- and
magnesium-rich sulphate waters, and Zujar was sodium chloride-rich sulphate water, in
agreement with Maraver and Armijo (2010).

After three months’ maturation, Na* concentration increased (in LiQint),
particularly in the peloids from Alicun and Graena (the largest increase is observed in
G3). In fact, A3 was classified as sodium-rich sulphate waters, differently from AO. The
same occurred in the Z3 and G3, which are classified as sodium chloride-rich sulphate
waters and sodium rich sulphate waters, respectively. In all cases, the concentration of
calcium and magnesium decreased in the Ligin: (in some samples, almost threefold after
maturation: i.e., for magnesium, from 150 mg It in A0 to 60 mg I in A3). In addition,
there was a higher ionic concentration in Ligint of Graena than in that of Zujar (whose
MMW has had the driest residue), resulting in the peloids prepared with MMW from
Alicun (with the lowest residue) presented the lowest ionic content. On the other hand,
the concentration of SO+, Cl-, COs? present in the Liqgin: increased in relation to that of
the MMW. Thus, the decrease observed in the ions Ca?* and Mg?* in Ligin must be
related to the retention of these ions in the clay used for the solid phase, resulting in
cationic exchange of K* and Na* from the solid phase with Ca?* and Mg?*. This is
supported by the observed increase in Ca?* and Mg?* and decrease in Na* and K*, on
determining the exchangeable cations in the solid phase of the peloids (see Table 3 and
section 3.3). All these evidences indicate that during maturation, there was an exchange
of cations from the mineral phase to the liquid phase of the peloids and vice-versa.
Changes in the composition of the interstitial liquid of peloids, compared to MMW,
were registered by some authors (Fernandez-Gonzalez et al., 2013; Spilioti et al., 2017;

Yicesoy et al., 2019). There were differences detected in the ionic concentration of the
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interstitial liquid with respect to the initial MMW, so that therapeutic applications of the
peloids would not have exactly the same effect as the initial MMW have.
3.2. Granulometry

Granulometry’s results (for LD or SS) showed great homogeneity. In LD (Figure
1), the peloids consist of fine silt (>50%), clay fraction not even attaining 20%. In SS,
fine silt reach around 40% and clay fraction is 53%. The difference of results between
the SS and LD is attributed to that they are different techniques. Taubner et al. (2009)
have developed equations to transform data between the two methods. When applied to
our case, these equations provided coherent results, particularly for the clay fraction.
E.g., the clay content measured with LD in A3p is 18,1% (Table 2) turns into 53,01%
by using Taubner et al. (2009) equations, a value very similar to 53,8% (SS-measured).

The results SS show that a small increase in the fraction <2 um occurs during
maturation, when compared to sample P. The decrease in particle size has also been
reported by other authors (da Silva et al., 2015).
3.3. Physicochemical properties

The external SSA of the peloids (Table 3) increased with respect to sample P,
most evident in Z3p. It may be due both to the composition of the MMW (sodium acts
as a dispersing cation) (Table 1) and to the peloid fabric (higher porosity) that implies
greater surface area (Figures 2, 3 and 4) (Table 4). A similar tendency was observed for
total SSA, which presents values higher than external SSA, sometimes duplicating
them; this may be due to the method used to determine total SSA, involving the use of
ethylene glycol monoethyl ether (EGME), a polar molecule.

The CEC of the peloids ranged from 10.28 cmol:kg™ to 11.12 cmol+kg?, and
increased slightly in all the matured peloids compared to sample P. This is due to the

increase in the fraction <2 um and SSA.
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For the exchangeable cations, the sequence of quantities in the sample P was
Na>>K~Mg>Ca. In the peloids, this sequence was substantially modified:
Ca>Mg>Na>K. These modifications are important, as they affect to the ionic
concentration of the interstitial liquid. The exchangeable cations can potencially be
transferred to human sweat (Carretero et al., 2010) and then to the skin.

3.4. Mineral crystallinity

The crystallinity index of the kaolinite (HI) in the peloids ranged between 0.55
and 0.63 (Table 3), the range of medium values, according to Hinckley (1963). HI
decreased in the three peloids (Table 3) when compared to sample P. The increase in
defects in the kaolinite structure during maturation is due to the larger particles in
vermicular stacks or pseudohexagonal crystals, with high cristallinity (Delgado et al.,
1994), when preparing and maturing the peloids, they break down into individual
smaller particles with more defects (Gamiz et al., 2009; Fernadndez-Gonzalez et al.,
2017). SEM study detected kaolinite stacks in sample P but not in the peloids, which
were always composed of laminar particles (Figures 2, 3 and 4).

The Integral Breath (IB) values of the smectite (saponite) were around 1.18;
according to Ehrmann et al. (2005), these would be considered “well crystalline”. The
crystallinity was slightly higher in the peloids than in the original mineral. This may be
due to the potassium, which enters the interlaminar zone of the saponite and is
sequestered, thereby stabilizing the structure and increasing the perfection of
crystallinity, making the saponite closer to mica (Velde and Barré, 2010). This
hypothesis is supported by the considerable decrease in the concentration of
exchangeable potassium in the peloids, compared to the initial sample. Sanchez et al.
(2002), in contrast to the present study, reported a decrease in the crystallinity of

saponites during maturation. However, in this case the composition of the MMW (iron-
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rich, bicarbonate and sulphate) was different to our MMW. Carretero et al. (2007),
using seawater for the maturation, also reported a decrease in the crystallinity of the
smectites with maturation time.

3.5. Fabric

The SEM fabric of the three peloids revealed (Figures 2, 3, 4) to be ordered
hierarchically by size in primary particles of similar size (around 1.10 pum), which create
clusters of varying size (5 um - Pg3, 10 um- Pas, 15 um- Pz3) (Table 4). There were also
large laminar particles with generally joints face-face with some face-edge. Porosity
was significant in all three samples, although there were some differences with regard to
the MMW employed (Pz3 >> Pc3 > Pa3). Thus, the peloid prepared with MMW from Zajar
showed the most porous fabric. The disperse and reticulated appearance of Pas fabric
(Figure 2a) was more evident in Pg3 (Figure 4a), where there was a dispersion process
(individualization of particles). In case of Pzs (Figure 3c), small “clusters” with a
tactoid-like appearance were also observed, forming an open fabric, also porous and
reticulated which even classified as “house of cards/honeycomb”.

The EDX microanalysis (Figures 2c, 3c and 4c) corroborated the kaolinitic nature,
with peaks of silica and aluminum of similar heights. There were also peaks of
magnesium, iron and a small one of potassium, which can be attributed to the disperse
smectite between the kaolinite laminae (particularly notable in Pg3z). In no case was a
microanalysis clearly attributable to saponite detected.

Possible relationships between the IA fabric parameters (Table 4) and the
properties of the peloids were also considered. The granulometry (Table 2), crystallinity
index of the smectite and the exchangeable cations (principally Na*) (Table 3) were
clearly related to the fabric parameters. Thus, the Feret diameter of the pores was

positively related to the percentage of fine silt measured by LD (r = 0.998; P<0.05). The
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mean area of the pores was negatively and strongly correlated with the 1B (r = -0.997;
P<0.05). The sodium of the exchange complex (cmol.kg?) is negatively related with the
size of the primary particles (r = 0.999; P<0.01) so that the higher the concentration of
sodium the smaller the primary particles (they disperse). The fabric is thus highly
dependent on, and informative of, the properties of the solid phase and the concentration
and nature of the cations present in the MMW. This fabric of peloids is of great interest
and, as yet, relatively undeveloped.

3.6 Cooling kinetics.

The descending sequence of cooling times At.22sc (in minutes) (Figure 5) would be
from slowest to fastest: Pas (12.32) > Pa3 (11.75) > Pz3 (11.37). The difference was only
one minute and were therefore thermally similar, as they had a similar water content,
particle size and mineral composition of the initial clay (Ferrand and Yvon, 1991;
Armijo et al., 2016). Millero (2001) reported that salinity inversely affected the thermal
conductivity of water so that less saline waters conducted heat better and cooled more
rapidly. In the present study, albeit with small differences, the quantities of solid residue
in the Ligint followed the sequence Z3 > G3 > A3 and the expected cooling sequence
would be Pas< Pgs< Pgzs, the opposite of what actually occurs. Therefore, the
characteristics of water do not fully explain the behavior of these peloids. In this way, a
correlation was observed between the time taken Atzzsc (min) and Feret diameter of
the pores (r = -0.997; P<0.05), and also the Feret diameter of the clusters. Consequently,
a fabric with smaller clusters will cool more slowly (At.22 sec higher) according to Gamiz
et al. (2009).

4. Final considerations on the potential applications of peloids.
The differences between MMW and Ligint, mean that the peloid will act not

exactly like MMW at the skin level. This fact was detected by Fernandez-Gonzélez et

10



250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

al. (2013). The differences were due to some ions of MMW retained by the clay during
maturation (mainly calcium and magnesium) while others were released to the liquid
phase (through ionic exchange processes). The pH values of the Ligint (around pH = 8,
Table 1) confer a slight alkalinity on the peloids, which could be used to treat a variety
of skin conditions (Tateo et al., 2010). Topical application of these peloids would thus
produce a change in the chemical reactions on the skin, on changing the acid
equilibrium of this tissue (Takigawa et al., 2005).

The granulometry of the peloids (silty-clayey) coincides with that found by other
authors for peloids for use in spas (Karakaya et al., 2010; Pozo et al., 2013). With
regard to their suitability, this granulometry renders them suitable for use in spas
(Carretero et al., 2010, 2014).

The values of both external and total SSA were relatively high (50 and 100 m?
per gram, respectively) rendering this material suitable for the adsorption and release of
active principles, skin cleansing, etc. A high SSA results in a greater capacity for
absorption and adsorption (Carretero et al., 2014). In terms of CEC, according to Matike
et al. (2011), the peloids in the present study (with values of CEC <15 cmol+kg?) would
behave as ion sources.

In all the samples, the crystalline perfection of the kaolinite (HI) decreased with
maturation, although some small differences in HI were observed, depending on the
MMW employed. This phenomenon could improve the ability to delay the release of
drugs adsorbed to the peloid (Delgado et al., 1994), rendering the peloids suitable for
therapeutic application.

The degree of cooling of the three peloids was similar. The values of Atz sec
were within the range of peloids prepared with other MMW from spas in Granada

(Gamiz et al., 2009; Fernandez-Gonzalez et al., 2017).
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The type of dispersed-, porous- and reticulated-fabric observed in the peloids are
considered of interest for pelotherapy. Even Pz3 is “house of cards/honeycomb”, the best
of the three. According to Vali and Bachmann (1988), the fabric of the colloidal
dispersions of clay is related to the rheological properties relevant to peloid application.
Fabrics such as “house of cards/honeycomb” or reticulated increase the viscosity or
elasticity of the mud, both of which are favourable properties for handling and applying
to the skin. The mechanisms for the release and adsorption of ions and polar molecules
are also affected by the microstructure.

It can be concluded that the three peloids studied have similar properties, which
make them potentially suitable for use in pelotherapy. Thus, the MMW from the Alicun,
Zujar and Graena spas are a good raw material for the preparation of peloids.
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Emilio Galéan, our friend, who dedicated his life and work to the study of minerals and
their applications.
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Figure captions

Figure 1 Laser granulometry of peloid samples A3p, Z3p and G3p.

Figure 2 SEM-EDX and IA of sample Pas. a) Image; b) Binary pore mask of a); c)

Image, detail of a); d) Pore mask of c)

Figure 3 SEM-EDX and IA of the sample Pzs. a) Image; b) Binary pore mask of a); c)

Image, detail; d) Pore mask of c)

Figure 4 SEM-EDX and IA of the sample Pgs. a) Image; b) Pore mask of a); ¢) Image,

detail; d) Pore mask of c)

Figure 5 Cooling kinetics of peloids Pas, Pzz and Pgs. Variation of temperature, AT,

with time (AT = To-Tn; To= 65 °C).
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Table 1 Parameters of the mineral-medicinal waters (MMW: A0, Z0, GO0) and the liquid phases of peloids (Ligin: A3, Z3, G3).

Samples

A2 A3 Z0 Z3 GOP G3
Electrical conductivity (20 °C) (mS cm™) 3.02¢ 2.86 6.72¢ 5.75 3.35¢ 3.20
pH 7.98¢ 7.87 7.42¢ 8.18 7.68¢ 7.88
Temperature (°C) 35.0°¢ - 39.0°¢ - 41.7¢ -
Solid residue (110 °C) (g L) 2.05 2.34 3.85 4.40 2.47 2.91
Chloride (mg L) 81.14 113.30 804.66 994.60 9.35 53.25
Sulphate (mg L) 1296.10 1303.70 1581.65 1603.20 1423.45  2084.10
Carbonate (mg L) 0.00 150.00 0.00 120.00 0.00 60.00
Bicarbonate (mg L) 242.40 122.00 203.60 91.50 120.00 113.02
Calcium (mg L) 335.00 107.00 321.00 170.00 417.45 134.75
Magnesium (mg L) 150.00 60.00 160.00 100.00 99.20 50.00
Sodium (mg L) 100.00 648.73 640.00 1078.50 32.50 714.86
Potassium (mg L) 5.00 9.00 15.00 14.00 6.00 12.00
Iron (mg L) 0.01 ND 0.02 0.01 0.03 0.03

Abbreviations: ND= not detected
@ Trace anions: NOz = 0,445 mg N I'; NH4* < 0,04 mg N 1!
b Trace anions: NOs™ < 0,002 mg N 1'; NHs* = 0,14 mg N I

¢ Measured at the sampling point
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420  Table 2 Granulometry of the solid phase (%) of the peloids (A3p, Z3p, G3p). Sieving-sedimentation and laser methods.

Sand Silt Clay

. Total sand Coarse sand  Fine sand (USDA) Total sand (Internacional Total silt (USDA)  Coarse silt (USDA) Fine silt (USDA) (0.02 Clay (USDA)
Sample?  Technique
(USDA) (2 - (USDA) (2 - (0.2 - 0.05 mm) system) (2 — 0.02 mm) (0.05 — 0.002 mm) (0.05-0.02 mm) —0.002 mm) (<0.002 mm)
0.05 mm) 0.2 mm)

A3p SS 1.6 0.1 15 10.8 44.6 6.8 37.8 53.8

LD 76 0.0 7.7 28.5 74.3 20.9 53.4 18.1

Z3p SS 19 0.1 1.8 9.8 445 13 43.2 53.7

LD 7.3 0.0 7.3 27.9 74.5 20.6 53.9 18.2

G3p SS 2.2 0.1 21 7.2 44.2 1.9 42.3 53.6

LD 105 0.0 105 30.3 72.4 19.8 52.6 17.1

421 Abbreviations: USDA= United States Department of Agriculture; SS= Sieving-sedimentation; LD= Laser

422 8 (initial mineral sample): 9,4% sand, 43,8% fine silt and 46,8% clay (determined by sieving-sedimentation, SS)
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Table 3 Physicochemical parameters and mineral crystallinity indices of the initial mineral

sample (P) and solid phase of peloids (A3p, Z3p, G3p).

Samples

P A3p Z3p G3p
External SSA (m2 g?) 425 53.9 63.7 57.9
Total SSA (m?g™) 100.9 120.1 113.9 116.5
CEC (cmol+ kg) 9.4 11.12 10.83 10.28
Ca?* (cmol+ kg?) 5.1 13.11 7.75 8.96
Mg2* (cmol. kgl 55 7.63 6.69 6.38
Na* (cmol. kgt 8.4 4,78 5.79 4.29
K* (cmol. kg?) 5.6 0.41 0.38 0.32
HI 0.71 0.66 0.63 0.55
1B 1.24 1.18 1.17 1.19

Abbreviations: SSA= specific surface area; CEC= cation exchange capacity; Hl= Hincley’s Index (for kaolinite); IB=

Integral breadth (for saponite)
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Table 4 Fabric parameters of the peloids (Pas, Pz3, Pe3) measured with SEM-IA.

Samples
Pas Pz Pa3
Feret diameter of primary particles
Mean (um) 1.14 1.09 1.16
Max — min (um) 2.3-0.49 1.88 - 0.52 2.66 - 0.52
n 50 50 50
Feret diameter of particle clusters
Mean (um) 9.94 14.94 5.52
Max — min (um) 15.48 - 4.59 24.84 - 8.98 9.26-2.94
n 50 50 50
Voids
Total area occupied (%) 11.34 24.87 14.35
Mean area (Lm?) 6.42 10.92 2.99
Feret diameter (um) 4.20 4.80 3.00
n 355 455 921
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