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Abstract

Pelotherapy is the application of thermal muds (peloids) for recovering muscle, bone
and skin pathologies. Specific criteria were established for the evaluation of the
therapeutic suitability of peloids. Critical factors ruling the quality of the solid phase
of peloids include granulometry, mineralogy, and physical-chemical properties. The
aim of the present study was to investigate the textural, mineralogical and geochemical

characteristics of the Pikrolimni Lake sediments (PLS), Kilkis district (N. Greece) in

Publication History:

order to assess their suitability for application as raw material into mud therapy
technologies. Representative PLS samples were collected and analyzed by means of
different techniques at the analytical laboratories of the Hellenic Survey of Geology
and Mineral Exploration (HSGME). Results showed that, texturally, the PLS were
classified as sandy loam sediments. X-ray diffraction (XRD) study revealed that the PLS
consist mainly of quartz, clay minerals (kaolinite, montmorillonite, illite), and
muscovite, with minor feldspar and calcite. X-ray fluorescence (XFR) analysis showed
that PLS samples have higher SiO, and lower Al,Os contents compared to the average
©2019. The Authors shale composition. Among the analyzed, by means of inductively coupled plasma mass
spectrometry (ICP-MS) technique, potentially toxic elements only As and Pb contents
were found significantly higher than those of the average shale. Based on the calculated
mean values of enrichment factor (EF) and geo-accumulation index (Igeo) PLS
displayed minor enrichment and moderate contamination by Pb and As, respectively.
In conclusion, an improvement of the grain size composition of PLS by means of a

sieving process is needed. Besides, the study of the concentration and behavior of toxic
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Volume

elements in peloids formed by the mixing of the processed PLS with salty thermo-

mineral water is proposed.

Keywords: Pikrolimni, sediments assessments, toxic elements, pelotherapy
Hepiznyn

IInioBeporeia eivor n ypnon Oepuv mniov («anlocidwvy), ue orxomo ) Oepameia
Tafnoewv 00 UDIKOD GLOTHUATOS, TOV JEPUATOS KOl TV 00TV Tov avipomov. Ta
«TNAOEIONY Elvol  EITE QUOIKG, EITE ONUIOVPYODVTOL TEYVHTA UE THV OVOUEICH
Aemtokokkwv, apyilodywv ilnudtwv (mniov) ue alotodyo Oepuouctoriixa vepd. H
nioOetomeio onuepo Eyel eCeliyBei onuavtikd, €tol ote vo eQopuoleTol TIEov o€
ee1dikevusves mepimrwoels mabnoswv. Etol, yio v extiunon e katolinlotnag twv
«mnloedwvy o Bepomevtikn ypnon, Exovv kabiepwbel Kkpitipio. mov aPopovy Ta
ovotatikd tovg. 11a avto amorteitor 0 kabopLouog TPOOLAYPAPDY KOl TOTOTOINGH TWV
XOPOKTHPIOTIKDV TV DAIKDY 70V B epopuootody otnv aniobeponsia. 1o tovg Tnloig,
OV EIVOL 1] OTEPEN YOO TWV «THAOELOMDVY, 1010ITEPHS OHUATIOS EIVOL 1] KOKKOUETPLKT
TOVG OVOTA0H, 1] OPUKTOLOYIKH 0OVOECH TOVS KOl OPIOUEVES PVOLKO-YNUIKES 1010THTEG. H
TaPoDOO. EPELVO. OVAPEPETOL OTH UEAETH THG KOKKOUETPIOS, THS OPLKTOAOYIOS Kol THG
yewynueiag twv ilnudtwv e ikpoliuvns otny meproyn tov Kikic (B. EALdda), o pia
poormdbela vo. ektiunOei n KoTOAARAOTHTAG TOVS VIO YpHoN, S TPWOTHS VANG, otV
teyvoloyio, s mnlobepareios. 1o 10 0KOTO aVTO EYIve GLALOYY QVTITPOTWTEVTIKMV
deryuarwv omo 1o oo e Ilikpoliuvng, o omoia avoldOnkoyv ue OlopopeTikég
ueboodovg ora Epyactipia e EAMnvikng Apync [ewloyikwv kor Metallevtikav
Epeovarv (EATME). Ao tv kKOKKOUETPIKT OVEADON TV OEIYUATOV TPOEKDYE OTL AVTA
AmoTEAODVTOU QO VYNAG moc0aTd duuov (73,10%) xou 1Abog (23,62%), ue moAd younlio
T0000To apyilov (3,27%). H emixpdinon twv adpoKokkmy KAOGUATOV (Guuogs kot 12.05)
T0. KOTOTOOOEL OTHV KOTHYOpio TV opuwomv mniov. H uedétny e opvxroloyikng
abotaons e ™ ypHon axtivwv X (XRD), édeiée o1 to ilfjuoza arotelovviar omod vynla
moooota yolalio (59,3%). apyidixd opvktd (kaolwvity, poviuopiidovity, 1AATn)
(19,7%), roayofitny (12,0%), aAfity (8,0%) kor acPeotitn (1,0%).

Xnuikeg ovaiboeig e poouorouetpio oxtivwv — X (XRF) édeiéav ot ta ilijuazo gyovv
oAb vynlotepo moooota ae SiOz (66,97%) kau mold younlotepo. o AlO3 (10,72%) oe
OVYKPLON UE TH HEOH ODOTOOT TPOTVLTTOV oyloToAB0v. I010iTEPNC oNuUOTIag Vio, T xprion
inudrwv oty TnAolepomeio eivor 1] TEPIEKTIKOTHTO, TOVS OE OPIOUEVE, LYVOGTOLYELR. OTTWS
za. As, Co, Cr, Cu, Ni, Pb xaz Zn, ta omoia eivor tolikd, umopodv va. amoppopnbodyv arwd

10 0épuo. kol mhovov vo, onuiovpyRoovy TpoPiiuate vyeiog otov avlpwmo. Awo v
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ovaivon twv orotyeiov ovtwv ue Doouatoustpio. Malog Emoaywyixa 2vlevysuévon
Il éouoroc (ICP-MS: Inductively Coupled Plasma — Mass spectrometry), mpoéxowe ot
ota 1{fjuazo. ta. arotyeio. AS ko Pb eivou oe vynidtepes ovykevipawaoeis oe ayéon e
uéon abotaon mpotvmov cyiaToAB0v. ATO TOV VTOLOYIGUO TV OEIKTMOV EUTAOVTIOUOD
(EF: enrichment factor) kot yewoveowpevons (1geo: geo-accumulation index),
mposkvye ot 1o 1lHuare. s Iikpodiuvns mapovoialovv avtictoiyo, eldyioto
sumlovtioud kor pétpia powavon ota otoryeio AS ko Pb. Xoumepoouatixd, ano ta
OTOTEAETUOTO. TS EPEDVAS TPOEKDWE OTI OTOITEITOL ) EPOPUOYY KATOI0G ETECEPYATIOS
(7). KOOKIVIOUA Y10, OQPOIPEDH] 0OPOKOKKOV KAGOUATOS) 0T0, 1I{HuaTa Yia va Peltiawbei n
KOKKOUETPIKH, OPVKTOLOYIKI KO YHUIKH TODS GDOTOON VIO VO, YIVEL OOVATH 1 XPHON TOVG
otnv Tniobepaneia. H mopovoia, oe avénuévn moootyro, twv tolikamv aroryeiwv AS kat
Pb ora ilijuota o uropovoe va Oewpnbei oyetikd uikpns onuaciog, yioti aveioyng
ovvBeong mnlol  ypnowomolodvior oe GAleS TEPITTWOEIS oTHV  THAOOEpameio.
Lpoteiveral, peta myv emelepyaocio twv 1{nuitwv, § aveuelln ue Oepuouctoriind vepo
Kai 1 ONUIOvPYIa. «TNAOEIOOVSY GTO OTOLO VO, EPEVVBEL 1] CUYKEVTPWON KAL 1] YEVIKOTEPT

OUOUTEPIPOPO. TV TOEIKWDV TTOLYEIWV.
Aéeig KAerdwa: Hixpoliuvy, avalvon ilnudrwv, toika ororyeio, nnlobspaneio,
1. Introduction

Mud therapy (pelotherapy) has been used since ancient periods for medical or cosmetic
purposes (e.g., Veniale et al., 2007). Peloids consist of fine-grained sediments (muds)
produced by different geological processes. Their mixture with salty thermo-mineral
water, followed by a maturation process, results in a positive and beneficial effect on
human organism and thus they could often be used for mud baths and cataplasms. The
feasibility of using mud in spas received much attention over the past few decades (e.g.,
Carretero et al., 2006; Veniale et al., 2007; Karakaya et al., 2010). However, not all
muds can be used for mud therapy, whereas natural occurrences of suitable thermal
muds are becoming exhausted. Nowadays, pelotherapy is being more and more focused
on specific human pathologies and treatments. Such innovative health applications need
certification of the peloids suitability (e.g., Veniale et al., 2007). Thus, for the evaluation
of the therapeutic suitability of peloids, a detailed assessment of some of their properties
is needed. Specifically, for the solid phase of peloids critical factors controlling its
quality include grain size composition, mineralogy and some physico-chemical
properties. Of particular concern is the concentration of some potentially toxic elements
in the muds, such as As, Cd, Cr, Cu, Ni, Zn, and Pb. The abundance of these elements

in peloids must be very carefully controlled because of their potentially hazardous
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effects on health, due to their toxicity and possible absorption through the skin (Veniale
et al., 2007; Tateo et al., 2009; Carretero et al., 2010; Karakaya et al., 2010; Rebelo et
al., 2011). Not only the total toxic element content of the muds but also the mobility,
bioavailability, and potential mobility of the constituents in the final products applied
to mud therapy should be taken into consideration (Adamis and Williams, 2005; Tateo,
2009).

The present study refers on the assessment of some characteristics of the PLS, at an
effort to determine their suitability for potential application as raw material in mud
therapy technologies. The objectives of the study are: a) the texture, mineralogy and
geochemistry of representative Pikrolimni Lake sediment (PLS) samples b) the levels
of potentially toxic elements enrichment and contamination of PLS using the
enrichment factor (EF) and the index of geo-accumulation (lIgeo), respectively. This
study may contribute new knowledge to natural peloids characterization and their
quality criteria related to therapeutic purposes.

2. Study area

Pikrolimni is a small, nearly rounded lake, approximately 2.43 km in length and 2.35
km in wide, covering an extent of 3.772 km? (Fig. 1). It is a shallow depression not
exceeding 1.5m in depth. The broader area is a cultivated land covered by alluvial

sediments and belongs to the Kilkis district.

o
Rikrolimni

%
Mikrokampos

Google Earth

Fig. 1: Google map of Pikrolimni Lake area with the sampling locations.
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Three locations of the Pikrolimni Lake bottom sediments were chosen for sampling

3. Materials and methods.

(Fig.1). At each location a composite sample was prepared by mixing of at least 10
subsamples collected from a surface 5x5 m of the lake bottom. This sampling procedure
was intended to obtain a more representative average sample from each site. Samples
were homogenized, air-dried for 7 days and stored in polyethylene bags for further
analytical work. Portions of the sediment samples were used for grain size,
mineralogical and geochemical analyses. The grain size composition analysis was
performed according to the Standard Test Method for Particle-Size Analysis of Soils
ASTM D 422-63 and ASTM 2217-85 (ASTM, 2000).

The mineralogical composition of the sediments was determined by optical microscopy
and X-ray powder diffraction (XRD) using a X’Pert PRO X ray diffractometer equipped
with Cu Koa.radiation. Operating conditions were 40 kV accelerating voltage, 30mA
current and tracing space was in the range of 2 to 70 26 for bulk samples and 2 to 35 26
for the clay fraction. Diffraction patterns were identified with the X’Pert High Score

program.

Two types of XRD analyses were made:

a) on the bulk powdered samples to determine the clay and non-clay minerals present,
and

b) on the separated clay fraction (<2 um) using oriented, glycolated and heated sample
mounts for the identification of clay minerals.

Semi quantitative mineralogical composition of the PLS was found by analysis of the

XRD patterns using the X Pert PRO program.

The chemical composition of PLS samples (major and some minor elements) was
determined by X-ray fluorescence analysis (XRF), using the S4 PIONEER equipment
of the BRUKER AXS. The concentrations of potentially toxic elements were
determined by inductively coupled plasma mass spectrometry (ICP-MS) using the PE
SCIEX ELAN 6100 equipment. All the analytical work was conducted at the
Laboratories of the Hellenic Survey of Geology and Mineral Exploration (HSGME).
Chemical results were compared with the composition of the average shale (Li, 2000)

and muds used for medical purposes (Mihel¢i¢ et al., 2012).

The anthropogenic impact on the PLS was estimated using the enrichment factor (EF).
The EF method normalizes the measured potentially toxic elements contents with
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respect to a reference element. Elements, such as Fe (Kartal et al., 2006; Li and Feng,
2012) and Al (Lu et al., 2009) are most commonly referenced when calculating the EF
of soil or sediment heavy metal pollution, because they are slightly affected or remained
unaffected. In this study, Fe was used as the reference element for normalization,
because standard deviation of Fe is less than that of Al (Table 2). The EF was calculated

according to the following equation:
EF=Mx X Fey/Ms X Fex [1]

where My and Fey are the sediment sample concentrations of an individual metal and
Fe, respectively, while My and Fey, are their concentration in a suitable background or
baseline reference material (Abrahim and Parker, 2008). In this study the concentration

of trace elements in average shale were used as natural geochemical background values.

Seven contamination categories have been recognized on the basis of the enrichment
factor (Guo et al., 2014):

EF<1; denotes deficiency to no enrichment,

EF = 1-3; minor enrichment,

EF = 3-5; moderate enrichment,

EF = 5-10; moderately severe enrichment,

EF = 10-25; severe enrichment,

EF = 25-50; very severe enrichment, and

EF > 50; extremely severe enrichment.

The levels of metal contamination of the PLS were calculated using the geo-
accumulation index (lgeo), as proposed by Miiller (1969). This index is given by the

following equation:
IgeO: IOgZCn/].SBn [2]

where C, is the concentration of the element in the analysed samples, and B, is the local
geochemical background of the element, i.e., the mean concentration of element in the
sediments in the broader area found by previous investigation. The factor 1.5 is
introduced to minimize the effect of possible natural variation in the background values
which may be attributed to lithologic variations in sediments, and to detect very small
anthropogenic influences (Wei and Yang, 2010). Given that the geochemical
background of the elements in the study area is not known, the average shale

composition for each element was used for Igeo calculations.
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Miiller (1969) proposed the descriptive classes listed in Table 1 for increasing lgeo values
(Table.1).

Table 1: Descriptive classes of sediment contamination based on Igeo values (Miiller,
1969).

|geo |geo

value class Designation of sediment quality

>5 6 extremely contaminated

4-5 5 strongly to extremely contaminated

3-4 4 strongly contaminated

2-3 3 moderately to strongly contaminated

1-2 2 moderately contaminated

0-1 1 uncontaminated to moderately contaminated
0 0 uncontaminated

4, Results and discussion

Grain size analyses showed that the PLS samples are composed of 71.0% (69.5%-
73.1%) sand, 23.9% (23.1%-24.9%) silt and 5.1% (3.3-7.4%) clay. The percentages of
sand, silt and clay fractions were plotted on the triangular discrimination diagram of
United States Department of Agriculture (USDA) triangle (Fig. 2). They are dominated
by the sand and silt fractions. The PLS are classified as sandy loam sediments (Garcia-
Gaines and Frankeinstein, 2015). Therefore, a sieving process is necessary to reduce
the coarse-grain fractions and to improve their grain size quality for application in

pelotherapy.

Optical microscope study showed the presence of quartz, muscovite, albite and
carbonates detrital grains in PLS. Quantification of the XRD patterns revealed that the
PLS are composed mainly of quartz (59.3%). Lesser amounts of clay minerals (19.7%),
followed by muscovite (12.0%), albite (11.0%) and carbonates (1.0%) were found. The
presence of quartz and albite in the PLS is not positive feature for mud application
because they constitute abrasive minerals due to their hardness. The clay minerals
present are mainly kaolinite, with minor montmorillonite, and illite (Fig. 3). The clay
mineral content and type determine the desirable properties of a mud such as specific

surface area, cation exchange capacity etc (MihelCi¢ et al., 2012; Quintela et al., 2012).
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Table 2: Concentration of major and minor element oxides in the PLS.

Volume

Sample SiO2 Al20s Fe:Ostt MnO MgO CaO Na:O K:O TiO2 P20s
PLF1 63.44 1260 442 0.08 3.44 3.25 2.78 2.02 0.47 0.12
PLF2 70.35 8.86 2.29 0.05 2.52 3.32 2.48 1.18 0.35 0.09
PLF3 67.11 1070 351 0.07 2.93 3.29 2.59 1.61 0.41 0.11
Average 66.97 1072 341 0.07 2.97 3.29 2.61 1.60 0.41 0.10
+SD? +3.46 +1.87 +£1.07 +£0.01 +0.46 +0.03 +0.15 +042 +0.06 +0.02
Aver.shale? 58.39 1512 6.75 0.11 2.49 3.09 1.29 3.21 0.77 0.16

! Total Iron as Fe;0s3
2 Average shale (Li, 2009)

3 Standard deviation

Table 3. Summary statistics of the potentially toxic elements in the PLS and their

quality characterization.

Trace

Range

Average

Average Morinje

Description of

Description of

elements (mg/kg)  (mg/kg) shale Bay EF enrichment lgeo contamination
As 24-42 33.33 13 17 1.92 Minor 0.77 Moderate
enrichment
Co 9-12 10.67 19 - 0.42 No enrichment -1.42
Uncontaminated
Cr 80-92 85.67 90 122 0.71  No enrichment -0.66
Uncontaminated
Cu 29-33 31.00 45 33 0.51 No enrichment -1.12
Uncontaminated
Ni 46-52 49.00 50 62 0.73  No enrichment -0.61
Uncontaminated
Pb 30-35 32.67 20 22 1.22  Minor 0.12 Moderate
enrichment
Zn 85-110 95.33 95 76 0.75 No enrichment -0.58

Uncontaminated
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Fig. 2: Ternary discrimination diagram for PLS classification (USDA, 1987)

Results from the XRF analyses (Table 2) showed that the PLS samples displayed a great
variation in their major and minor element composition. They have, on average,
increased SiO; (66.97wt%) and much lower Al.Os (10.72wt%) contents confirming the

high quartz and low clays mineralogical composition found by the XRD analyses.

Normalization is a convenient method to show increasing or decreasing patterns of
elements in relation to a reference material. In Fig. 4 the average oxide composition of
PLS has been normalized to the average shale composition (Li, 2000), to display their
relationship. The PLS have much higher Na,O and higher SiO, and MnO than that of
average shale. They also have a lower Al;Os, Fe;03, KoO, MnO, TiO, and P,O3 than
the average shale. The concentration of CaO is comparable with that found in average
shale. The study samples contain on average a lower percentage of K,O due to their

lower content of illite.
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Fig. 3: XRD patterns of the PLS (lll/Ms-lllite/Muscovite, Klin-Kaolinite, Mnt-
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The Na,O/CaO ratio is <1, confirming the presence of the previously referred typical
non-swelling 2:1 clay minerals (Karakaya et al., 2010; El-Hinnawi and Abayazeed,
2012). Of particular concern in the use of a mud in pelotherapy is the concentration of
some trace elements which are considered as hazardous (Tateo et al., 2009; Carretero
etal., 2010; Rebelo et al., 2011). Among the analyzed potentially toxic elements (Table
3) Pb and As have average contents higher, while Co and Cu were found lower than the
average shale (Fig. 5). Rebelo et al. (2011) have classified Pb and As in the first class
of the hazardous elements which should be essentially absent from muds because they

are known as human toxicans.
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The potentially toxic elements concentration of the PLS samples were also compared
with the natural muds from the Morinje Bay (Croatia), which are used in pelotherapy
(Mihel¢i¢ et al., 2012). Thus, among the potentially toxic elements the average contents
of Pb, As and Zn are higher than those of Morinje Bay muds (Fig. 5). Rizoetal. (2013)
referred also on comparable values of Pb (28 ppm) in natural muds from San Diego
River, Cuba (Arsenic was not analyzed). Besides, Quintela et al. (2012) referred on
peloid muds applied to pelotherapy which contain comparable levels of these heavy
metals. These muds, however, were not compared to the PLS samples because they
were elaborated before their application.

Iron normalized EF values (Table 3) of Ni, Zn, Cr, Co, and Cu are <1 showing no
enrichment and thus natural origin of these elements in PLS. Arsenic and Pb have EF
values in the range 1-3 denoting minor enrichment of PLS. In general, EF values less
than 1.5 were not considered significant, because such small enrichment may arise from

differences in the composition of local sediment material (Zang and Liu, 2002).

The application of chemicals (fertilizer, pesticides and herbicides) on the cultivated area
around the Pikrolimni Lake should contribute to the enrichment of As and Pb in the
PLS (Alloway, 2012). Therefore, the source of As and Pb is considered mixed from
natural and anthropogenic imputs (Guo et al., 2014). The calculated Igeo values showed
that the PLS samples displayed moderate contamination for Pb and As and no
contamination for Ni, Zn, Cr, Co, and Cu (Table 3).

5. Conclusions
The PLS can be used as raw clay material for peloids only after sieving and
improvement of their granulometry. Sieving process would also decrease the quartz

content and consequently the SiO; in PLS.

The analyzed potentially toxic elements Ni, Zn, Cr, Co, and Cu are, generally, within

normal ranges.
The detected slightly higher levels of As and Pb are probably of no significant concern

for human health in case of mud application because similar concentrations were also

encountered in other muds used for mud therapy.
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A further investigation is needed to study the concentration of these metals in a
derivative peloid formed after the mixture of PLS with thermo-metal water and to

determine the mobility and bioavailability of the metals.
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