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Abstract The suitability for pharmaceutical and cosmetic
application of fourteen clay samples, eight raw and six
commercialized samples, from Minas Gerais and Sao Paulo
states, Brazil, were evaluated and their mineralogy,
chemical and radiological composition were determined.
Results indicated that the samples are composed mainly of
quartz, kaolinite and feldspar, enriched in Al,O5 and TiO,,
Cd, Cs, Sb, Se, Th, and U and depleted in SiO,, MgO,
P,0s, and Ca. Concentrations found are unlikely to present
any harm in topical applications, and all the radiological
parameters were below the global average or the estab-
lished limits.

Keywords Raw clays - Commercialized clays -
Therapeutic - Cosmetic - Radionuclides - Dose

Introduction

Clays are natural materials with earthy texture, fine-grained
particles of lamellar or fibrous form, consisting mainly of
clay minerals and also containing other non-clay minerals,
such as quartz, mica, pyrite, hematite, as well as organic
matter and other impurities [1, 2]. In the presence of water,
clays develop a series of properties such as plasticity,
strength, linear shrinkage of drying, thixotropy and
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viscosity, which explains its wide range of technological
applications [3-6].

In cosmetics and pharmaceutical industry clays are used
as excipients, lubricants, diluents, binders, desiccants,
emulsifiers, thickeners, to mask undesirable flavors, iso-
tonic agent, active substances charger, and delivery [7-11].
These characteristics have contributed to the expansion of
the search for clay minerals applications mainly due to the
interest in natural products and the environment preserva-
tion. In spite of being natural material, clays may not be
free of possible adverse health effects when used for
therapeutic or cosmetic purposes due to the presence of
dangerous minerals to the respiratory system, toxic ele-
ments, and the occurrence of radioactive elements [12—14].

The occurrence of toxic elements such as arsenic (As),
antimony (Sb), cadmium (Cd), cobalt (Co), copper (Cu),
lead (Pb), mercury (Hg), nickel (Ni), selenium (Se), zinc
(Zn) as well as radioactive ones, in a wide range of con-
centrations, depends on the geological origin of the clays.
These trace and radioactive elements may be present in the
clay structure or adsorbed on its surface; in the latter case
mobilization and transference to leaching solutions is
considerably easier [15, 16]. Therefore, the use of clays
containing these elements in high amounts may present a
potential risk for human exposure and increase health risks.

One approach recently used to characterize the impurity
content in therapeutic and cosmetic products is the PDE—
permitted daily exposure—[17, 18] for drug products,
defined as the maximum acceptable exposure to an element
that is unlikely to produce any adverse health effect.
According to the PDE, the elements As, Cd, and Pb are
significantly toxic in oral, parenteral, and inhalation
administration routes.

The exposure to naturally occurring radiation accounts
for up to 85 % of annual effective dose received by the
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population. This exposure is mainly due to primordial
radionuclides which are widely spread and are present in
almost all geological materials in the environment. The
main sources of natural radiation exposure is therefore due
to the presence of the naturally occurring radionuclides
belonging to the decay series of **°U, **U (uranium),
22T (thorium), and the radionuclide 40K (potassium) [19,
20]. The average crustal abundance of uranium and tho-
rium are 2.8 pug g~ ' and 10 pg g~' while typical ranges are
1.5-6.5 and 6-20 pg g~ ", respectively [21]. Average Th/U
ratio in most rocks, in which uranium is not enriched, is 3.5
[22]. These figures can, otherwise, widely vary as a func-
tion of the clay origin and clay capacity in adsorbing
radioactive elements at its surface.

The objective of this paper is to describe the miner-
alogical and chemical composition of eight raw and six
commercial clays, as well as to determine the radiological
parameters arising from its external and internal use, both
in cosmetic and pharmaceutical purpose.

Methodology
Sampling location

Raw clay samples (identified as CG samples) were col-
lected in Campos Gerais city in the Southwestern portion
of Minas Gerais state, located at about 362 km far from
Araxa city, a region known by its high radioactivity
background levels. Geologically, the region encompasses
the rock assembly positioned between the nappes of Passos
and Varginha-Guaxupé in the southern Brasilia Belt. The
unit consists of orthogneissic, basic, ultramafic, and asso-
ciated subordinate metasedimentary rocks, subdivided into
two areas: one to the North containing orthogneiss, basic,
and ultrabasic rocks and other in the South formed by
paragneiss, metapelites, and metamafic rocks of the
Jacui—Bom Jesus da Penha track [23, 24]. The commer-
cial clay samples (identified as SP samples) were obtained
in a natural products health store in Sdo Paulo city and the
origin of the samples is unknown.

Physical-chemical characterization

The pH was determined by mixing 10 mL of the wet clay
sample with 25 mL of KCI 1.0 mol L™'. The solutions
were stirred for 5 min, let to stand for 1 h and then the
measurement was performed. For moisture, organic matter
and loss of ignition the wet samples were treated sequen-
tially at 105, 450 and 1000 °C in an oven furnace and
muffle, respectively.
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X-ray diffraction

For XRD analysis the samples were oven dried at 105 °C
and sieved to a particle size less than 0.065 mm. XRD
patterns were obtained in a Rigaku diffractometer, Multi-
flex model (Rigaku Co, Tokyo, Japan). All samples were
analyzed using Cu-Ka radiation at 800 W, in the 26 range
from 3 to 70° with step size of 0.02° and 8 s per step. The
results were compared with reference powder diffraction
files using the Diffrac EVA version 3.1 software by Bruker.

X-ray fluorescence

The chemical characterization, performed in the oven dried
samples at 105 °C and sieved to a grain size less than
0.065 mm, was carried out using a WDXRF spectrometer
Rigaku Co., model RIX 3000 (Rigaku Co, Tokyo, Japan)
with X-ray tube with Rh anode, a 75 pm Be window, and a
60 kV maximum acceleration voltage, scintillation detector
Nal(Tl) and flow-proportional counter. The pellets of
sample were made by mixing, in a Mixer/Miller, 1.8 g or
sample with 0.2 g of powder wax (analytical grade,
Hoechst), to make homogeneous. This mixture was finally
pressed in order to form the pellets. The Fundamental
Parameters method was applied for correction of the
absorption/excitation effects. The methodology was eval-
uated, using standard reference material SRM 2709—San
Joaquin Soil and SRM 2711—Montana Soil, from NIST
(National Institute of Standards & Technology).

Neutron activation analysis

The elements As, bromine (Br), Co, chromium (Cr),
cesium (Cs), iron (Fe), hatnium (Hf), K, magnesium (Mg),
manganese (Mn), sodium (Na), rubidium (Rb), Sb, scan-
dium (Sc), Se, tantalum (Ta), titanium (T1), vanadium (V),
Zn, zirconium (Zr) and rare earth elements: cerium (Ce),
europium (Eu), lanthanum (La), lutetium (Lu), neodymium
(Nd), samarium (Sm), terbium (Tb), and ytterbium (Yb),
were determined by instrumental neutron activation anal-
ysis (INAA) in short and long irradiations periods (15 s and
8 h, respectively). For multi-elemental analysis, approxi-
mately 60 mg of sample and 100 mg of reference material
(estuarine sediment, NIST SRM 1646a and Syenite,
Table Mountain, STM-2 from USGS) were weighed and
sealed in pre-cleaned double polyethylene bags for short
and long irradiations. Synthetic standards were also pre-
pared from standard solutions (SPEX Certiprep Inc., USA).
Samples and reference materials were irradiated in a
thermal neutron flux of 1012 cm 2 s~' at the IEA-R1
nuclear research reactor at IPEN (Instituto de Pesquisas
Energéticas e Nucleares). The counting time was 3 min for
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short and 2 h long irradiation, after the necessary decay
period for each target nuclide using an EG&G Ortec Ge
high pure Gamma Spectrometer detector (AMETEK Inc.,
USA) and associated electronics, with a resolution of 0.88
and 1.90 keV for 'Co (122 keV) and *°Co (1332 keV),
respectively [25]. Analysis of the data was carried out by
using an in-house gamma ray software, VISPECT program,
to identify the gamma-ray peaks.

Graphite furnace atomic absorption spectrometry
(GFAAS)

For the Cd and Pb determination by GFAAS, approxi-
mately 0.30 g of dried samples were dissolved in a
microwave closed system with concentrated nitric,
hydrochloric, hydrofluoric acids and hydrogen peroxide
30 % (Merck, Darmstadt, Germany). The digested samples
were allowed to cool at room temperature and diluted with
high-purity Milli-Q water 18.2 MQ cm ™" at 25 °C (Milli-
pore Corporation, USA).

Measurements were performed by using a Perkin Elmer
AAnalyst 800 graphite furnace atomic absorption spec-
trometer (Perkin Elmer, Vernon Hills, Illinois, USA).
Calibration curve coefficients were obtained by a linear
regression fit with least-squares method performed by the
spectrometer software. Matrix modifier of NH4H,PO4
0.5 % (m/v) and Mg(NOs3), 0.03 % (m/v) were used to
avoid chemical interferences. The blanks were prepared
and analyzed by using the same procedure applied to the
samples. Analyses were carried out in duplicate with dif-
ferences between the measurements up to 10 %. The
detection limits for Cd and Pb were determined using the
TUPAC criterion, and the values obtained were 0.016 and
0.85 mg kg~ !, respectively [26].

Gamma-ray spectrometry

Activity concentrations of 225Ra, **®Ra (radium), 210py,
(lead) and *°K were determined by gamma-ray spectrom-
etry employing a Canberra GX2520 high purity germanium
detector (HPGe) with nominal efficiency of 25 % at
1332 keV gamma energy and a beryllium window for
extended low energy detection. The detection system was
calibrated with soil, rock and water matrices spiked with
radionuclides certified by Amersham. Samples were placed
in 100 cm® polyethylene flasks, sealed and set apart for
about 4 weeks prior to the measurements to ensure reach-
ing of radioactive equilibrium between **°Ra and its short-
living decay products. Activities of 226Ra were determined
by taking the mean activity of three separate photopeaks
from its decay products: 2'*Pb at 295 and 352 keV, and
219Bi (bismuth) at 609 keV. For **®Ra content of the
samples, 911 and 968 keV photopeaks from *?®Ac

(actinium) were employed. Concentration of *'°Pb was
determined by measuring the activity of its low energy
gamma ray peak (46.5 keV). The corrections for self-at-
tenuation were performed by placing a *'°Pb point source
above each sample and counting to estimate individual
attenuation factors, according to the procedure described in
Cutshall et al. [27].

Results
Physical-chemical clay properties

Figure 1 summarizes the pH, moisture, organic matter and
loss on ignition (LOI) for the 14 analyzed clay samples.
Among the raw clays, moisture was higher in samples CG1
and CG5 and among the commercialized clays, in samples
SP9 and SP12. Organic matter was generally lower in
commercialized clays rather than the raw ones while for
LOI the contrary was observed. The value of pH varied
from 3.6 to 7.8 for all samples and as a rule, all the ana-
lyzed clays produced acidic solutions.

Clays mineralogy

The main minerals obtained by XRD in the samples are
summarized in Table 1. The results indicated that quartz
and kaolinite are present in all samples, and, with respect to
peak intensities, were major minerals for the majority of
the samples. Mica minerals were present in nine samples,
being five of them raw clays, and four of them, commercial
clays. Feldspar minerals were present in three raw clays
and three commercial samples, and minerals from the
magnetite group were found in six raw clays and one
commercial sample.

Chemical characterization

For chemical characterization XRF, INAA and GFAAS
were applied and the results are shown in Tables 2 and 3.
Table 2 presents the results for major and trace elements
while in Table 3 the rare earth concentrations are shown.
For comparison purpose the upper continental crust (UCC)
values are also showed in these tables [28]. These results
showed that SiO, and Al,Oz were the main constituents of
all samples in connection with the amount of quartz and
kaolinite present. The mica amount contributes both to K
and Al content. In the same way, the iron content must be
related to the presence of Fe-bearing minerals, probably
magnetite and hematite. All the samples are enriched in
Al,0O5 and TiO, and depleted in SiO,, MgO, P,05 and Ca,
related to UCC.

@ Springer



2038

J Radioanal Nucl Chem (2016) 307:2035-2046

Fig. 1 Percentage of moisture,

organic matter, loss on ignition

and pH values for the raw and

commercialized clays
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Table 1 Mineral groups determined in the raw (CG) and commercialized (SP) clay samples by XRD

Mineral CGl CG2 CG3 CG4 CG5 CG6 C€G7 CG8 Spy Sp1o  SP11 SP12  SP13  SP14
Quartz X X X X X X X X X X X X X X
Kaolinite X X X X X X X X X X X X X X
Gibbsite

Mica X X X X X X X X X
Palygorskite X

Magnetite X X X X X X X

Microcline feldspar X X X X

Orthoclase feldspar X X

The concentrations of trace elements vary across a wide
range (Table 2). The elements Cd, Cs, Sb, Se, Th and U
show a tendency of being enriched in the commercialized
samples that also tend to be more enriched when compared
to the UCC values. Since commercialized clays are com-
posed of only the silt and clay fraction which are known to
possess high ion exchange capacity commercial clay will
concentrate higher amount of trace elements [29, 30]. Zinc
and Hf are enriched over UCC in almost all the samples
and Ba and Br are the only two elements that tend to be
higher than UCC in the raw samples.

The Th/U ratio calculated for the samples presented a
low value in the samples CG1, CG2 and SP9. For all other
samples this ratio varied from 3.9 to 5.6, close to the the-
oretical value of 3.5 to 4.0 [31]. Low values of the Th/U
ratios were related to the redox environment in the clay
deposit. Under reduction conditions U mainly exist as U*™,
much less mobile then its oxidized form U®* [32].

Except for the samples CG5, CG7, CG8, SP9 and SP11
all the other samples were enriched in rare earth elements
(Table 3) related to UCC while only the samples CG3,
CG8 and SP10 presented the light rare earth elements
(LREE) enriched over the heavy rare earth elements
(HREE).

The activity concentrations of the radionuclides 226Ra,
219pp, 228Ra and “°K are shown in Table 4 together with
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the activity concentrations of **U and ***Th. Compared to
the median soil values, the commercialized samples
showed higher activity concentrations than raw samples
[33].

Discussion

The pH of the presented samples were generally lower than
that reported by Lopes-Galindo et al. [14] and Silva et al.
[34] for clays used for therapeutic and cosmetic purposes.

Loss on ignition at 1000 °C was mainly related to car-
bonate content in the sample and certain volatile non-car-
bon components such as gypsum, sulphide minerals, and
dehydration of metallic oxyhydroxides [35]. It was
observed that the raw clay samples had a LOI that was
considerably lower than the commercialized samples.
Although, organic matter was higher in raw samples.

The sample distributions according to their similarities
were obtained by the application of cluster analysis are
shown in Fig. 2. The origin of the clays clearly separate in
two groups, being group one composed of the raw samples
from Campos Gerais and group two composed of the
commercialized samples from Sao Paulo. Only raw CG6
sample displayed heightened similarity to the commer-
cialized samples due to the trace and rare earth element
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Table 2 Major elements and trace elements content in raw (CG) and commercialized (SP) clays

CGl1 + CG2 =+ CG3 + VG4 =+ CG5 + CG6 + CcG7 + CG8
%
SiO, 48 2 49 2 62 2 54 2 60 2 56 2 49 2 46
Al,O; 24 2 27 2 17 2 26 2 24 2 28 2 27 2 31
TiO, 1.6 0.4 1.1 0.2 0.8 0.2 1.7 0.4 0.9 0.2 0.7 0.2 1.2 0.2 1.0
MgO 1.1 0.2 1.1 0.2 0.2 0.1 1.9 0.2 0.3 0.2 0.8 0.2 0.4 0.2 0.4
P,05 0.08 0.02  0.07 0.02 0.06 0.02  0.04 0.02  0.05 0.02 0.06 0.02  0.05 0.02 0.04
MnO 0.03 0.02  0.09 0.02 <0.01 0.05 0.02 0.03 0.02 0.03 0.01 0.10 0.05 0.04
NiO 0.02 0.01  0.02 0.01 <0.01 0.02 0.01  0.02 0.02 0.02 0.01  0.02 0.01  0.02
CuO 0.02 0.01 0.02 0.01 < 0.01 0.02 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01
SO; <0.01 0.04 0.02  0.03 0.02  0.03 0.01 0.03 0.02 <0.01 0.04 0.01 0.04
Fe 4.4 0.1 5.1 0.1 0.79 0.02 228 0.06 2.62 0.08 3.0 0.1 4.1 0.1 3.6
K 0.9 0.2 1.1 0.4 2 1 1.5 1 0.6 0.2 2.1 0.4 1.0 0.4 1.4
Ca 0.4 0.2 0.4 0.2 0.16 0.08 0.5 0.1 0.15 0.1 0.7 0.2 0.3 0.1 0.20
nglg
As ND ND ND ND 24 0.2 0.6 0.4 3.1 0.2 24
Ba 160 60 355 80 1894 230 746 120 167 60 737 182 298 90 353
Br 6.0 0.8 1.3 0.4 4.7 0.4 2.6 0.6 2.7 0.1 1.3 0.4 1.56 0.08 1.28
Co 7.9 0.2 48 1 1.7 0.1 14.1 0.4 35 0.8 14 2 6 1 4
Cr 144 10 100 6 18 2 85 6 40 2 52 4 46 2 45
Cs 2.3 0.2 33 0.4 1.7 0.2 3.7 0.2 0.9 0.4 2.3 0.4 0.9 0.2 0.78
Hf 6.0 04 8.1 0.4 15.0 0.8 9.7 0.4 7.2 0.6 15 1 7.0 0.2 ND
Na 523 62 99 24 1865 150 698 50 139 10 5145 300 180 10 219
Pb 24.27 0.04 175 0.1 36.0 0.2 21.2 0.4 6.7 0.2 14.2 0.2 820 0.04 1154
Rb 31 6 40 6 93 8 135 8 7 4 57 8 11 3 18
Sb 0.2 0.1 0.4 0.1 ND 0.12 0.04 0.23 0.04 0.09 0.06 0.25 0.06 024
Sc 28.6 0.4 14.5 0.2 6.4 0.1 16.3 0.2 6.4 0.1 10.2 0.2 8.7 0.1 9.6
Se ND 0.4 0.2 0.3 0.2 0.2 0.1 ND ND 0.3 0.1 ND
Th 7.9 0.2 7.2 0.2 ND 11.4 0.2 34 0.2 7.6 0.2 3.9 0.2 3.7
U 3.1 04 4 1 1.7 0.2 2.0 0.1 0.8 0.1 1.9 0.4 1.00 0.2 0.9
Zn 546 22 476 20 294 12 371 14 197 14 301 20 246 18 37
Th/U 2.6 1.9 5.6 4.4 4.0 3.9 4.1
ng/g
Cd 22.2 0.6 53 10 20 1 33 4 6 4 13.2 0.2 12 1 10

SP9 + SP10 + SP11 + SP12 + SP13 + SP14 + UcCcC*

%
SiO, 50 2 57 2 53 2 50 2 56 2 66 2 66.62
Al O3 36 2 29 2 27 2 14 2 21 2 18 2 15.4
TiO, 0.13 0.05 1.6 0.4 1.8 0.4 0.5 0.2 0.8 0.2 0.4 0.2 0.64
MgO 0.16 0.05 0.17 0.05 0.4 0.2 1.1 0.2 0.5 0.2 1.2 0.2 2.48
P,0s < 0.01 0.03 0.01 0.11 0.05 0.13 0.05 0.04 0.01 0.02 0.01 0.15
MnO 0.02 0.01 < 0.01 0.02 0.01 0.07 0.01 < 0.01 0.05 0.01 0.1
NiO 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.01 < 0.01
CuO < 0.01 0.02 0.01 < 0.01 < 0.01 < 0.01 < 0.01
SO; 0.05 0.01 0.08 0.02 0.16 0.05 0.17 0.05 0.03 0.01 0.02 0.01
Fe 0.67 0.02 0.52 0.02 4.15 0.08 2.51 0.03 1.41 0.02 2.84 0.03 3.53
K 1.0 0.1 0.4 0.2 2.1 0.6 2.7 0.6 1.9 04 4.1 0.8 2.3
Ca 0.8 0.2 1.2 0.4 1.2 0.4 1.3 0.4 0.6 0.2 0.5 0.2 2.56
nglg
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Table 2 continued

SP9 + SP10 + SP11 + SP12 + SP13 + SP14 + UcCcC*
As ND 2.5 0.6 21 2 4.2 0.8 24 0.8 10 1 4.8
Ba 354 46 125 40 185 25 381 60 95 20 736 98 624
Br 0.8 0.2 0.8 0.6 54 0.4 ND 0.5 0.6 0.6 0.6 1.6
Co 5.1 0.2 17.4 0.6 4.9 0.2 6.5 0.2 2.5 0.2 9.6 0.4 17.3
Cr 4.4 0.8 57 4 50 4 37 2 33 2 45 2 92
Cs 4.2 0.8 11 2 9 2 8 1 8 1 9 2 4.9
Hf 2.10 0.08 14.9 04 11.0 0.4 6.2 0.2 11.8 0.4 9.6 0.2 53
Na 4513 200 557 30 346 20 5594 260 628 42 6689 300 24260
Pb 16.6 0.04 30 0.2 121 6 19.7 0.8 29 1 20.8 0.4 17
Rb 98 10 44 6 51 10 164 18 86 10 179 20 84
Sb 0.4 0.2 1.9 0.6 1.9 0.6 1.6 0.4 2.0 0.6 1.9 0.4 0.4
Sc 1.60 0.04 12.2 0.1 13.8 0.2 9.5 0.1 11.7 0.1 10.6 0.1 14
Se 0.4 0.2 1.9 0.6 1.1 0.6 1.4 0.5 ND 1.6 0.6 0.09
Th 4.3 0.6 21 2 15 2 16 2 18 2 17 2 10.5
U 5.2 0.6 4.7 0.8 29 0.6 53 0.8 3.6 0.8 3.1 0.2 2.7
Zn 116 14 314 36 147 18 118 14 113 14 159 18 67
Th/U 0.8 4.6 5.0 3.1 4.8 54 39
ng/g
Cd 71.8 0.4 71 1 16 4 105 1 51 2 68 10 90
(£) Expanded uncertainties (K = 2)
ND not determined, UCC upper continental crust [26]
Table 3 Rare earth element concentrations, in pg/g, determined by INAA in raw (CG) and commercialized (SP) clay samples

CGl1 CG2 CG3 VG4 CG5 CG6 CG7 CG8
La 433 +038 153 +2 105 +2 49.1 £ 0.8 2.87 + 0.04 463 + 0.6 4.64 + 0.08 5.9+ 0.1
Ce 7142 80 & 4 165 £ 6 9244 534+ 4 92 +4 3342 26+ 1
Nd 33+ 4 120 + 20 85 £ 10 48 £ 8 ND 23+ 4 3+1 7+1
Sm 92402 33.8 £ 0.6 23.1+02 113 +£0.2 0.53 £ 0.01 94+ 0.2 0.75 + 0.02 0.93 £ 0.02
Eu 1.85 £+ 0.08 57+£02 ND 2.10 £ 0.06 0.09 £+ 0.04 1.34 £ 0.08 0.16 + 0.02 0.19 + 0.02
Tb 1.0 £ 0.2 3.1+04 24402 1.21 + 0.08 ND 1.1 £0.2 ND 0.11 £ 0.08
Yb 33+ 04 6.4 + 0.6 45+04 3.0+02 03 +£02 24+ 04 0.3 £ 0.1 0.38 £ 0.04
Lu 0.58 + 0.04 1.17 + 0.06 0.76 + 0.04 0.56 + 0.02 0.08 £ 0.02 0.42 + 0.04 0.08 + 0.02 0.10 £ 0.02
LREE 158.6 392.9 377.8 202.2 56.5 172.1 022 40.5
HREE 4.9 10.7 7.7 4.7 0.4 39 0.4 0.6
SP9 SP10 SP11 SP12 SP13 SP14 ucCcC

La 124 £ 0.4 49 £2 21.8 £ 0.8 37.6 £ 0.7 68 £ 1 423 +£0.8 31
Ce 20 £ 1 89+ 6 46 + 4 7243 161 £ 6 81 +3 63
Nd 14+£6 45+ 7 17+ 4 36 £5 77 £ 10 44 +7 27
Sm 24402 7.1+ 06 3.8+ 04 6.4 403 124 £ 05 83403 43
Eu 1.03 £+ 0.06 1.31 &+ 0.08 0.58 + 0.04 1.16 + 0.04 2.54 + 0.07 1.43 + 0.05 1
Tb 0.25 £ 0.08 1.3+£02 04 £02 1.1 £0.1 2.1 £02 1.1 £0.1 0.7
Yb 1.0 £02 19+£04 22+£04 27 +£02 5.1 £04 35+£03 2
Lu 0.20 + 0.02 0.59 + 0.04 0.46 + 0.04 0.47 £ 0.02 0.91 + 0.04 0.61 + 0.03 0.31
LREE 49.8 191.4 89.2 152.9 320.9 176.4 126.3
HREE 1.5 3.8 3.0 43 8.1 52 3.0

(£) Expanded uncertainties (K = 2)
ND not determined, UCC upper continental crust [26]
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« N contributed to these group formations were the granulo-
S metric fraction and accessory minerals presented in the
<+t &N O 0 T — .
HHHHHH samples reflected by the elementary concentration.
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8 + -2 - -9 resulting from the exposure to the analyzed clays varied
.TS; o | T H HHHAH from 4.9 to 29.2 uSv/y, these values were much lower than
<+ ¥V — — I~ 00 .
g gladsas = the global indoor AEDE average: 450 uSv/y [37].
£ - © ° Excess life time cancer risk (ELCR) is the risk of fatal
-;; AR cancer occurring during a life time (DL) of 70 years that
Fl18 e ZSRQ 10X also takes into consideration the annual effective dose
8 © - - - equivalent (AEDE) and a risk factor (RF in Sv_l) estab-
2 N = = = 4 lished as 0.05 by the ICRP 60 for stochastic effects for the
ol I I e s public [38].
S99 8 €83 . -5
o = =~ The calculated ELCR varied from 1.7 x 10 to
] . .
“‘;3 - = ) 10.2 x 1077 in the samples which was also lower than the
= s o H H average world of 29 x 1072 [33].
ﬁ o SRSz ; 5 & Another radiological parameter, annual genetically
= I - significant dose equivalent (AGDE) is a measure of the
g Salx = ic signifi f the d ival ived by th
S © - n S a =X = genetic significance of the dose equivalent received by the
§ . ﬂ ﬂ ﬂ f 2 f § % population’s reproductive organs per year [39].
§ 8 TeYg s g % The International Commission on Radiological Protec-
S « o |8 E % tion [40] recommends a dose increment less than 1 mSv/y
> + N~ o~ 0 o~ = .
S ol g E ‘_: for the general public. All the clay samples showed values
3lgles3Iad=mg|g g 2 lower than this limit.
- - o .. . ..
-« ° o § s & As clays are generally used as excipient in medicine
= ® o) . . . . . .
= g8 addg = g E formulations, its ingestion is also of radiological concern.
g D EEZx|H =, Once in the body radionuclides are typically accumulated
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Fig. 2 Dendrogram of
similarity pattern of the samples
obtained by Cluster Analysis
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in the skeleton, liver, kidney and soft tissues, although not
being entirely retained in the organism. The International
Commission on Radiological Protection [41] provides
recommendations and guidelines on all aspects of protec-
tion against ionizing radiation and it has presented frac-
tional absorption which describes the proportion that is
absorbed from radionuclides ingestion. Dose coefficients

@ Springer

allow the determination of effective dose associated with
radiation exposure in assessing the health risk.

The annual effective dose (Ei,,) due to clay ingestion
was calculated as follows:

E(uSvly) = > Ai(Bq/kg) x DC(Sv/Bq) x I(kg/y) x 10°
(1)
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Table 5 Radiological parameters: dose rate (DR), annual effective
dose equivalent (AEDE), excess life time cancer risk (ELCR), annual
genetically significant dose equivalent (AGDE), annual effective dose

(Eng) for ingestion, determined for the raw (CG) and commercial-
ized (SP) clays

CGl1 CG2 CG3 VG4 CG5 CG6 CG7 CG8
DR (nGy/h) 434 £ 1 39.1 £ 1 437 £2 75.8 £ 2 18.6 £ 1 49.0 £2 26.7 £ 1 303 £ 1
AEDE (mSv/y) 11.1 £0.3 10.0 £ 0.3 112 £ 0.5 19.4 £ 0.5 48 £0.2 125 £ 04 6.8 +£0.2 7.7+£03
ELCR x 107° 39+£0.1 3.0+0.1 39+02 6.8 +0.2 1.7£0.1 40 £ 0.1 24 £0.1 2.7+0.1
AGDE (mSv/y)  294.6 £ 8 265.7 £ 7 3232 £ 13 526.0 £ 15 126.6 £ 5 338.7 £ 11 1845 £ 17 2123 £ 8
Eing (SV/y) 26 £ 2 19 £2 25 +2 34 £2 113 £1 21 +£2 16.1 £2 159 £2
SP9 SP10 SP11 SP12 SP13 SP14
DR (nGy/h) 653 £2 100.7 £ 5 61.1 £3 1075 £5 902 £ 4 1142 £ 6
AEDE (mSv/y) 16.7 £ 0.6 257 £ 12 15.6 £ 09 275+ 13 230+ 1.1 292+ 14
ELCR x 107> 58+£02 9.0 £ 0.4 55+£03 9.6 +£ 04 8.1+04 10.2 £ 0.5
AGDE (mSvly) 462.1 £ 16 673.4 £ 32 4045 £ 22 742.3 £ 34 610.3 £ 28 794.2 £ 38
Eing (1SV/y) 464 £ 3 63.5 £4 350£3 544 £ 4 453 £3 425 £3

(£) Expanded uncertainties (K = 2)

Table 6 Input parameters for application of VARSKIN 3 code

Parameter Value
Source geometry 2-D disk
Skin density thickness 7 mg cm™?
Air gap thickness 0 mm
Protective clothing thickness 0 mm
Protective clothing density 0gem™

Source diameter
Source area
Irradiation time

Irradiation area

According to the source area
2000 and 20,000 cm?

100 h

2000 and 20,000 cm?

where Ai is the activity concentration of the nuclide i, DC
is the dose coefficient conversion factor and I is the yearly
total amount of ingested clay.

The annual effective dose obtained varied from 11 to
63.5 uSv, lower than 0.1 %, of the permitted dose incre-
ment of 1 mSv/y.

A more realistic approach to estimate the gamma
radiation dose received by the use of cosmetic products is
to simulate its application in parts or in the entire body.
So that the radiological implications of using the raw and
commercialized clays in topical applications were also
evaluated by performing a modeling in which a deter-
ministic computer code was used to calculate the absor-
bed dose to the skin, from the activity concentrations and
exposure geometry, VARSKIN 3 [42]. To this calculation,
the clay radionuclide concentrations of 226Ra, 228Ra,
21OPb, 4OK, 232Th and 2*®U determined in the samples

were applied to the code. Clay application is modeled as a
2-dimensional source disk, directly placed on the skin.
Input parameters for VARSKIN 3 are shown in Table 6.

For the assessment, two scenarios were considered, by
applying the respective input set to each one:

— Scenario 1: The parameters simulate 1 kg of the clay
distributed in a 2-D disk with an area of 20,000 cm?,
corresponding to the total body surface area of a male
adult [46]. This is the situation when the clay is applied
over large portions of the body.

— Scenario 2: The parameters simulate 1 kg of the clay
distributed in a 2-D disk, with area of 2,000 cmz, which
is 10 % of the total body surface area of a male adult,
simulating the situation when the clay is applied over
one of the legs of the patient.

In both scenarios, a total time of 100 h of clay appli-
cation was assumed.

According to the procedure described in the ICRP
Publication 103 [43], the equivalent dose Ht was assessed
by

HT = ZDT’R X WR (2)
R

where, Hr is the equivalent dose absorbed by tissue T, DT,
R is the absorbed dose in tissue T by radiation type R and
wr is the radiation weighting factor, equal to 1 for both
beta and gamma radiation. As the application involves
exclusively the topic application on the skin, the effective
dose E was assessed as

E:ZWTXHT (3)
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Table 7 Effective dose in the skin (EDS), for a hypothetical treatment with application of clays on the skin, determined for the raw and commercialized clays

SP13 SP14

CG2 CG3 VG4 CG5 CG6 CG7 CGS8 SP9 SP10 SP11 SP12

CG1

1.00 £0.05 75+£03 39£02 109 +07

1.70 £ 0.08

1.80 £ 0.07 2.60 £ 0.09 2.80 £ 0.09

1.1 +£0.6 38+02

190 £0.05 6.6+03 6.7=+02

1.40 £ 0.03

EDS,

(USvly)
EDS,

16.7 £ 0.4 58+3 58+£2 94+05 33+1 155+ 06 232+08 2434+07 14607 85+ 04 66 + 3 35+£2 96 £ 5

11.9 £ 0.3

(uSvly)

EDS; and EDS, refer respectively to the scenarios of 100 h application on the whole body and on a single leg

(£) Expanded uncertainties (K = 2)

where, wr is the tissue weighting factor, equal to 0.01 for
the skin.

The effective doses calculated for the application of
each clay are shown in Table 7. The maximum effective
doses due to both beta and gamma radiation on the skin,
during the treatment time span of 100 h, was 11 pSv, for
whole body application, and 96 pSv for application over
10 % of the body’s surface.

The final results for the effective dose to the member of
the public, in both scenarios, were below the reference
level of 1 mSv per year, for the members of the public.
Therefore, the radiation dose to the public arising from the
dermal application of the clays for cosmetic purpose can be
considered negligible.

Conclusions

Eight raw clays from Campos Gerais, Minas Gerais state
and six commercialized clays from S3ao Paulo state were
analyzed to determine their suitability for pharmaceutical
and cosmetic application. Mineralogically, XRD results
showed that the samples are composed mainly of quartz
and kaolinite. Feldspar, mica and Fe-bearing minerals were
also present. Chemically, the main constituents of all the
samples were SiO, and Al,0O5. Related to UCC, the ana-
lyzed clays were enriched in Al,O3 and TiO,, and depleted
in SiO,, MgO, P,0s5 and Ca.

Both clays from Campos Gerais and Sao Paulo showed
trace element concentrations in a wide range of elements Cd,
Cs, Sb, Se, Th, and U. These trace elements were enriched in
the commercialized samples compared to the raw clays.

Only the Pb concentrations for all samples were well
above the PDE level for ingestion, while, As had only one
sample, SP 11, above the PDE ingestion limit, and all the
Cd samples were well below the PDE limit. The concen-
trations level found for all the analyzed clays were unlikely
to present any harm in topical applications due to the low
skin absorption of As, Cd and Pb.

The activity concentrations of the radionuclides ***U,
232Th, 226Ra, 2*®Ra, and 2'°Pb are lower in the average
soils than the raw clays and higher in the commercialized
ones. All the radiological parameters were below the glo-
bal average or the established limits indicating that from
the radiological risk point of view all the samples are safe
for dermatological and ingestion use.
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