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Abstract

Igalo (Montenegro) is known for a number of natural therapeutic factors (sea peloid, mineral water, sand and salt), is close to
the sea and is extremely valuable. Peloid from Igalo is known as a resort of healing, cosmetic or aesthetic application. Also,
there are studies of medical application and biological activity of some other peloids, which are directly related to their
chemical composition. In this paper we analysed the content of light and potentially toxic elements as well as the most
important non-metals present in the composition of peloid and listed their main and well-known biological roles. The
chemical composition of the Igalo peloid was compared with several peloids from the region (Croatia, Italy, Spain), as well
as the chemical composition of peloids obtained from the Dead Sea, because these peloids showed an extraordinary
therapeutic potential and they are already used for medical purposes (spa centres, balneotherapy etc.). Also, we have
determined some environmental indicators based on the data of the content of metals. The obtained value means that there is
no potentially toxic element pollution in the sediment.

Rezumat

Igalo (Muntenegru) este cunoscut pentru o serie de factori terapeutici naturali (peloidul marin, apa minerald, nisip, sare). in
aceastd lucrare, am analizat continutul in elemente potential toxice, precum si nemetalele mai importante prezente in
compozitia peloidelor. Compozitia chimica a Igalopeloidului a fost comparata cu cu a altora (Croatia, Italia, Spania), precum
si cu cele din Marea Moarta, deoarece acestea prezintd un potential terapeutic si sunt folosite in scopuri medicale. De
asemenea, am stabilit indicatori de mediu pe baza datelor privind continutul Tn metale. Valoarea obtinutd reflectd lipsa
elementelor in sediment.
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Introduction minutes north latitude and 18 degrees and 32 minutes
eastern longitude.

The presence of various organic and inorganic
substances is necessary for the development of many
biological processes. When it comes to inorganic
substances, water is one of the main factors, but
content of metals [2] have great importance as well.
According to the influence that chemical elements
can have on the human organism, they are divided
into essential, useful and toxic (which is highly
dependent on their concentration).

Essential and useful elements are required by humans
in different concentrations (which is in direct connection
to the chemical nature of element), and they are
divided into macrominerals (Na, K, Mg, Ca, ClI), trace

Owing to the finding of marine peloids with therapeutic
properties, the Bay of Herceg Novi is recognized in the
Balkan region and beyond. The Institute for Physical
Medicine, Rehabilitation and Rheumatology “Dr Simo
Milosevi¢”, known for the use of peloids for medical
and cosmetic purposes, is located on the shore of
this part of the bay [1]. The Igalo peloid is created
in an ambient where salt water and fresh water are
mixed under the hydrodynamic impact of the water
mass, resulting in the re-sedimentation of the carbonate
flysch, rich in lime and silt.

The peloid extends from the mouth of the Sutorina
River to Njivice settlement, at 42 degrees and 28
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elements (Fe, Zn, Cu) and microelements (Se, Si, I, F,
As, Mn, Mo, Co, Cr, V, Ni, Li) [3].

The quantity of elements in sea water is large, especially
given the volume thereof. According to many authors,
all natural elements of the Periodic system can be
found in sea water (for example, sea water has about
550,000 tons of holmium, while its quantity is five
times smaller on the land [4]).

The most important roles of metals in biological
processes are: structural role (construction of structures,
skeletons, stabilization of nucleic acids), transferring
the charge (concentration gradient through the membranes,
transmission of electrical impulses through neurons,
function, metabolism and degradation of organic
molecules).

Some of these metals are present in the body in high
concentrations (such as sodium, potassium, calcium,
magnesium), while others are necessary in significantly
smaller quantities (iron, zinc, cobalt, copper). 25 elements
are necessary for the normal functioning of the human
organism and the maintenance of homeostasis [3].
According to the International Society of Medical
Hydrology, “Peloid is a natural product consisting
of a mixture of sea, salt lake or minero-medicinal
water (liquid phase), with organic and inorganic material
(solid phase) produced by biological action and
geological action®. Apart from this, a new definition
of peloid was proposed by Gomez and associates:
“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 geologic and/or biologic origin, mineral water or
seawater and commonly organic compounds from
biological metabolic activity” [5, 6].

Peloid is mud found at the coast in Igalo with therapeutic
and cosmetic properties. Also, it is well known that
muds are frequently used in pharmacy, spas and aesthetic
medicine [7]. Thus far, no studies on the chemical
composition of Igalo peloid have been carried out,
nor have its potential medicinal roperties been examined.
According to the majority of publications, the chemical
composition is the main factor upon which the final
characteristics and hence the use of peloids depend
(organic and inorganic substances constituting the
peloid).

In our research, we determined the physical and chemical
characteristics of peloid from lgalo (the peeling
temperature at the sampling site, pH-value, density,
electrical conductivity, the content of light and heavy
metals, the content of some non-metals and amount
of water). Subsequently, we compared the chemical
composition of peloids from Igalo with the properties
of some geological materials which have already been
used for cosmetic or therapeutic purposes, or at least
with such potential. There are a lot of studies that
confirm therapeutic effects of peloids. Peloid therapy
is effective in providing improvement in pain relief,
function, daily life activities, and quality of life in
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patients suffering from chronic lateral epicondylitis
[8]; it has effects on levels of cortisol [9]; it is suggested
to use peloid as a supplementary therapeutic agent in
carpal tunnel syndrome [10] etc. Researches in Russia
prepared intravaginal gel from Dead Sea peloid for
treating luteal-phase defect [11].

Afterwards, we have determined some environmental
indicators based on the data of the content of metals
such as: contamination factor (CF), pollution load
index (PLI) and index of geoaccumulation (lgeo). These
three indexes can provide important information about
the level of pollution by a particular potentially toxic
element, the amount of toxic element that is accumulated
on a certain sampled surface as well as the total level
of pollution by potentially toxic elements [12].

Materials and Methods

The analysed samples were collected from four spots,
all distant one kilometre away from the place where
the Sutorina River flows into the sea, the supply
site of the lgalo Institute. The peloid was extracted
from a boat, using a special shovel designed for those
purposes, in the shallow sea (2 m). Whole collected
material was deposited into special concrete basins
where it was soaked with sea water and homogenized
until a certain consistency was achieved.

The temperature was measured in situ, while the pH-
value, conductivity of each sample and density were
measured in a laboratory (the sample is immediately
sealed after collecting, in order to avoid any contamination
with external substances).

In order to determine minerals and metals content, we
prepared the samples using the microwave digestion
system (Microwave Reaction System-Anton Paar).
The samples were prepared in line with the digging
instructions for sediments and soil proposed by the
manufacturer (Laboratory Procedure Book Anton Paar,
2009) in the following manner: 0.2 g of sample were
treated with a mixture of concentrated nitric acid (5
mL), concentrated hydrofluoric acid (2 mL) and
concentrated solution of hydrogen-peroxide (2 mL).
After cooling, the boric acid (0.8 g) and water (15 mL)
were added to the mixture. The resulting mixture was
subjected to digestion once again.

The elements’ content in the sample (metals and non-
metals) was determined by means of the induced plasma
emission spectrometer (ICP-OES), branded by Spectro
Arcos. The content of mercury was determined by Direct
Mercury Analyser DMA-80, produced by Milestone.
All work standards were prepared from certified standard
solutions obtained from the Sigma Aldrich Company,
with initial concentrations 1000 mg/dm?.

The water content was determined first by drying up
to 80°C during 24 hours, and then by gravimetric
analysis techniques.
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The percentage of nitrogen was determined by Kjeldahl
method (Instrument K-350 Distilation Unit, K-436
Speeddigester, K-415 Duoscrub).

pH values were measured by means of pH-meter Hl
221 Hanna Instruments.

Conductivity was determined by means of Digital
conductometer Hanna Instruments.

Results and Discussion

Physical properties

The salinity of the water in the Adriatic Sea is 38%. -
39%o [13]. Basic physical parameters of the Igalo
peloid are shown in Table I.

Given the fact that the pH value and the electrical
conductivity could not be determined directly from
the peloid sample, a 1% aqueous solution was made
with a view to measuring these constants. Measurements
were performed at a temperature of 25°C.

Table |
Basic physical characteristics of the Igalo peloid
Physical parameter Unit | Value
Temperature °C 37
pH-value — 6.23
Density g/cm® | 1.63
Density of dry peloid (after g/cm3 | 0.73
lyophilisation)
Conductivity us 134

As can be concluded from the measured data, the
peloid is close to neutral, with extremely poor
conductivity.
Chemical composition
By chemical composition, peloid is a complex mixture
of inorganic and organic compounds. In our research
we were mainly interested in the inorganic composition,
i.e. the concentration of metals and non-metals that
compose the peloid.
The dominant elementary composition of the lgalo
peloid is shown in Table II.
Table Il
Inorganic chemical composition of the Igalo peloid

Element Symbol | Content Unit Detection limit (LD, mg/kg)
Lithium Li 163.3 mg/kg 0.5
Sodium Na 11.94 g/kg 0.5
Potassium K 17.76 g/kg 0.5
Beryllium Be 0.9 mg/kg 0.1
Magnesium Mg 21.01 g/kg 0.5
Calcium Ca 53.67 g/kg 0.5
Strontium Sr 152.9 mg/kg 0.1
Barium Ba 196.5 mag/kg 0.1
Aluminium Al 67.08 g/kg 0.2
Gallium Ga <0.1 mag/kg 0.1
Indium In <0.1 mag/kg 0.1
Thallium TI <0.1 mag/kg 0.1
Silicon Si 120.2 g/kg 0,2
Tin Sn <05 mag/kg 0.5
Lead Pb <05 mg/kg 0.5
Arsenic As 5.6 mg/kg 0.05
Antimony Sh <05 mg/kg 0.5
Bismuth Bi <0.1 mg/kg 0.1
Selenium Se <05 mg/kg 0.5
Scandium Sc 14.6 mg/kg 0.1
Yttrium Y 26.5 mg/kg 0.1
Titanium Ti 7.61 g/kg 0.2
Zirconium Zr 48.0 mg/kg 0.1
Vanadium \% 92.4 mg/kg 0.1
Chromium Cr 202.3 mg/kg 0.2
Molybdenum Mo 15.1 mg/kg 0.1
Manganese Mn 455.2 mg/kg 0.1
Iron Fe 40.62 g/kg 0.3
Cobalt Co 15.7 mg/kg 0.1
Nickel Ni 138.7 mg/kg 0.2
Copper Cu 51.8 mg/kg 0.2
Silver Ag <0.1 mg/kg 0.1
Gold Au <0.1 mg/kg 0.1
Zinc Zn 78.5 mg/kg 0.1
Cadmium Cd <0.01 mg/kg 0.01
Mercury Hg 0.11 mg/kg 0.1
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Element Symbol | Content Unit Detection limit (LD, mg/kg)

Lanthanum La 28.0 mg/kg 0.1

Erbium Er <0.1 mg/kg 0.1

Ytterbium Yb <01 mg/kg 0.1

Nitrogen N 0.094 %

Phosphorus P 0.678 g/kg 0.5

Sulphur S 6.5 g/kg 0.5

Water | HO0 | 3969 [ % | Gravimetric analysis.

Since the method for determining the concentration of most heavy metals is the induced plasma emission spectrometer (ICP-OES) with
optical detector, we did not have the ability to determine some metals (e.g. As, Cr, Mn) in the specific oxidation state; the application of such
a device gave us a total sum of all the oxidation states of the given element. The content of mercury (total, in the form of organic and
inorganic species) was determined directly on the instrument for determining mercury.

Considering the fact that the most of determined metals
and non-metals found in larger quantities in the soil
are actually in the form of oxides, we recalculated
their percentage composition in the sample of peloids

in the form of oxides, as shown in Table III.

Table 111

Recalculated quantities of some elements of the
Igalo peloid in the form of oxides

For further examination of the chemical properties
of our peloid, we compared its chemical composition
with the: Makirina Bay peloid mud (Croatia, [12]),
Dead Sea (Near East, divided between Israel and
Jordan [14]), “Cappeta” (Lucarnia Area, Italy, [15])
and Lo Pagan Lagoon (Spain, [16]). Makirina Bay
peloid mud is used for local inhabitants and tourists
as mud wraps, mud samples from N basin of the

Oxide | Oxide content| Metal content | Metal content Dead Sea are used in spa hotel clinic for therapy,
(%) (%) (9/kg peloid) the mud of “Cappetta” in sulphur thermal centres
Al20s 12.7 6.7 67.1 and Lo Pagan natural muddy lagoon sediment is
Fe20s 58 4.1 40.6 used in Spanish spas.
M_“O 0.06 0.046 0.46 The content of major elements of the Igalo peloid
T!OZ 1.3 0.8 7.6 and compared materials are presented in Table IV.
Si0; 2572 12.02 1202 Comparison of the Igalo peloid potentially toxic
element contents with other peloids is presented in
Figure 1.
Table IV
Comparison of the Igalo peloid chemical composition with the composition of other peloids
Element | lIgalopeloid | Makirina Bay peloid | N Dead Sea Mud | The mud from “Cappetta” | Lo Pagan Lagoon
(mg/kg) (mg/kg) (ma/kg) (ma/kg) sediments
(mg/kg)
Si 120 200 127 182 139 355 208 163 86 527
Al 67 080 43 250 44 520 62 510 18 950
Fe 40 620 22 650 29710 37 400 12 020
Mn 455.2 20.0 46.0 46.0 14.0
Mg 21010 30 960 25100 17 160 24 360
Ca 53 670 113100 147 250 101 200 189 190
Na 11 940 24 480 6 600 5270 32200
K 17 760 12 360 9120 16 500 9100
Ti 7610 2 640 4740 3480 1310
P 678.0 350.0 700.0
As 5.6 14.5 3.9 6.4
Cd <0.1 0.27 81.0 0.11 <0.1
Co 15.7 7.1 25.0 4.0
Cr 202.3 82.1 42.3
Cu 51.8 27.6 2.0 23.0 24.7
Mo 15.1 13.8 3.1
Ni 138.7 26.5 63.0 20.0
Pb <0.5 23.7 108.0 8.2 375
\% 92.4 80.2 250.0 41.8
Zn 78.5 47.7 72.0 65.0 85.9
S (%) 0.65 1.45 2.37

Empty spaces — the results of the given analyses are not available
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Figure 1.

Graphic comparison of the Igalo peloid chemical composition with the composition of other peloids

Some of the major biological functions of the elements
found in the lgalo peloid in large quantities [17-20]
are cited below.

As is evident from the table and diagram, the content
of manganese is far greater in the peloid from Igalo
than from the other four locations. As manganese can
occur in a large number of oxidation states (+2, +3,
+4, +6, +7), and participate in redox reactions, its
coordination power is reduced and it easily releases
already bound ligands (and oxygen). In biological
systems, it behaves very similarly to Mg?* - ion.
Therefore, it can be bound in the enzymes instead of
magnesium. Manganese is pumped out of the cyto-
plasm off all eukaryotic cells. Its binding interactions
with proteins are very weak and therefore cannot be
found in higher concentrations in the cytoplasm [17].
Manganese participates as an actor of some enzymes
involved in the bio-synthesis of saccharides and
cholesterol. Mn?* ions are also included in the so-called
FUR system (Iron uptake regulatory protein), which
is very important system included in the relationship
between uptake and growth. Manganese is also closely
related to the following processes: functions of thylakoids
and mitochondria and process of glucosylation [21].
It is a cofactor of numerous enzymes that remove
oxygen free radicals. Deficiency of manganese leads
to skeletal and cartilage defects, depressed male
reproductive function, while the excess of this element
may cause psychiatric disorders (memory, speech,
hallucinations). The total amount of manganese in the
human organism is estimated at around 12 mg. The
majority of manganese is accumulated in bones,
followed by the hypophysis, the mammary glands,
the liver and the pancreas. The daily oral dose of
manganese is 4 - 10 mg, depending on the taken food.
There are evidences that manganese has protective
effects against oxidative injury of cultured skin
fibroblasts induced by UVA, dithranol and hydrogen
peroxide [22].

Besides, Igalo peloid contains larger amounts of
chromium. Chromium in the form of chromate or
dichromate (CrO4 and Cr,0;%) is very toxic, while
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it is non-toxic for the environment and humans in
the form of Cr®* ion. High chromatic toxicity is
explained by their resemblance to sulphates and the
ability to easily pass through the cell membrane.
The iodide test for qualitative proving of chromium
in the +6 state was negative, so on the basis of this
experiment we concluded that chromium in the
peloid is present in its trivalent form. Diluted chromates
in the soil are translated into chromium(l11) and this
form that cannot be used by plants. In this way, the
food chain is protected against excessive chromium
[23]. The organism needs chromium in order to use
glucose. It amounts to 1 - 2 mg in the human body, but
it can sometimes reach up to 12 mg. In circulation,
a small portion of chromium binds to transferrin or
chromoduline, while the majority is bound to the
complex glucose tolerance factor (GTF). Studies have
shown that insulin is inactive without the presence of
chromium [24]. In cases of exposure to chromium,
prolonged allergic reactions, dermatitis and conjunctivitis
may occur, while chronic exposure leads to gastro-
intestinal problems, hepatitis and lung cancer. Cr3*
can be linked to phosphate groups from DNA. Daily
chromium 111 requirements amount to 15 - 100 pg;
Cr(VI) concentrations were reported as 20 mg/L, with
an estimated dose rate of 0.57 mg/kg-day [25].

A significant amount of nickel was found in the peloid.
The total amount of nickel in the human organism is
around 15 pg, while the daily needs for this element
are around 5 pg [18]. Total diet studies indicate a
total average oral intake of 200 - 300 ug/day [26].
Recovery studies indicate an absorption rate of less
than 15% from the gastrointestinal tract [27]. Organic
substances such as oil absorb nickel very well. As a
cofactor, it enters as an integral part of four important
enzymatic groups: urease (hydrolytically breaks the
urea), hydrogenase (oxidize hydrogen to hydronium
ions), CO-dehydrogenase (oxidation of carbon-
monoxide to carbon-dioxide) and methyl-coenzyme
M reductase (transforming the methyl group into
methane [28]). Deficiency of nickel leads to growth
depression, impaired reproduction and prenatal mortality
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(in animals) while the excess of this element can
cause lung cancer. Moreover, nickel may replace other
transition metals in their sites. Because of its electro-
negativity, nickel has the ability to create complexes
with other organic molecules, especially iron and
manganese. This can explain the side effects of low
nickel in the organism leading to disturbance of
metabolism of iron as well as the structure and role
of the cell membrane.

The presence of vanadium and copper in Igalo peloid
is evident as well. Vanadium has a relatively limited
role in biological systems. The human body contains
around 0.1 mg of vanadium, while daily vanadium
requirements amount to than 4 pg. Only 0.5% of
vanadium from food is absorbed in the body and
most of it is rapidly excreted. It is not accumulated in
any of the organs in the body. The lack of vanadium
may cause growth depression and reproduction failure.
As well as chromium, vanadium plays a role in glucose
metabolism (vanadium sulphate improves control of
diabetes in patients with type 2 diabetes). Vanadium
compounds increase the effect of insulin by stimulating
phosphorylation of insulin receptor. However, due
to their high toxicity, vanadium compounds are not
used for therapeutic purposes [29]. Vanadate anion
is structurally similar to the phosphate anion and
affects the activity of ATP-ase and related enzymes
and is an inhibitor of some enzymes such as alkaline
phosphate. Moreover, vanadium regulates the enzyme
which controls the functions of sodium in the body.
Natural sources of vanadium are marine organisms
and liver.

The human body contains around 2.3 g of zinc, while
daily zinc requirements amount are 2 - 3 mg [18]. Zinc
is the only metal that has representatives in each
enzyme group. The lack of this metal is directly related
to low sperm concentration. There are more than 200
enzymes containing zinc. They are involved in the
regulation of growth, development of the organism,
fertility; they are important for the digestion, immunity
and synthesis of nucleic acids. Zinc is involved in the
transcription and translation processes of the genes
[29]. On the other hand, in high concentrations zinc
can be toxic: it can cause vomiting, abdominal pain,
diarrhoea and fever [18]. Skin is the third most zinc-
abundant tissue in humans [30]. There is evidence
that zinc-deficiency (ZnD) can cause several skin
diseases: necrolytic migratory erythema [31], pellagra
[32], biotin deficiency [33] and alopecia areata [34],
but also ZnD is reported in some inflammatory diseases
such as atopic dermatitis [35] and Behcet's disease
[36]. There are a lot of clinical studies that confirm
efficiency of zinc in wound healing [37].

Although not found in high concentrations, the content
of copper in lIgalo peloid is higher than in other
samples collected for the purpose of comparison. The
human body contains around 150 mg of copper, while
daily copper requirements amount to 1 - 2 mg [18].
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It can be found in the liver, muscles and bones. A
disturbance of copper concentration in the brain and
liver leads to Wilson's disease - copper is precipitated,
what causes disorders of liver function, dementia and
death. Copper is involved in the functioning of a large
number of enzymes, of which many are involved in
the transfer of electrons, the activation of oxygen
and other small molecules (nitrogen, methane, carbon
monoxide). There are more than ten copper dependent
proteins and they have a number of important functions:
production of energy in the cell, destruction of free
radicals, participation in the synthesis of melanin,
absorption of iron, synthesis of nitric oxide (NO).
Copper is a component of oxidative enzymes involved
in haem synthesis. The deficiency of copper increases
the amount of cholesterol and blood pressure, anaemia,
ataxia, defective melanin production and keratinization.
Sea food and meat in general are very rich in copper.
The human body contains around 1 - 2 mg of cobalt.
The main form it enters into the body is through
vitamin By, [39]. Moreover, cobalt is involved in
the synthesis of haemoglobin. The necessary daily
amounts of this element are around 1 mg. A part of the
cobalt that is not bound to vitamin By is inaccessible
for the organism and passes without changes. Deficiency
of cobalt leads to anaemia, anorexia, growth depression,
liver disease. The excess of this element can cause
heart failure and hypothyroidism.

The human body contains around 5 mg of molybdenum,
while daily molybdenum requirements are about 0.05
mg. This metal can be found in bones, skin and liver.
About 20 enzymes contain this metal as a cofactor.
One of the most important enzymes is xanthine-oxidase
which participates in the synthesis of uric acid. It is
important to mention the sulphite-oxygenase, which
converts toxic sulphite into non-poisonous sulphate
[40]. Moreover, aldehyde oxidase, the enzyme that
converts aldehydes into carboxylic acids, requires
the presence of molybdenum. This metal interferes
with copper absorption. Molibdenum compounds
are absorbed when ingested and rapidly appear in
blood. Deficiency of molybdenum causes growth
depression, defective keratinization while the excess
of this element may cause anaemia and persistent
dysentery.

The mercury concentration is slightly above the
lower limit of detection, but certainly not negligible
since it is one of the most toxic elements, while the
arsenic is found in small quantities in comparasion
with some other toxic elements. Lead and cadmium
were not detected during the analysis of the Igalo
peloid (within the detection limits of the instrument).
It is important to note that the zinc content is comparable
with the content of this metal in the other peloids,
taken for comparison.

Figure 2 represents a pie-chart diagram indicating
the potentially toxic element ratio in the Igalo peloid.
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Comparison of the other metals presented in larger
quantities of the Igalo peloid and nearby peloids is
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shown in Figure 3.
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Figure 2.
The ratio of potentially toxic element concentrations in the peloid
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Figure 3.
The ratio of higher-concentrations of metals in the Igalo peloid

It can be noted that the Igalo peloid is rich in Al,
Ca, Fe and Mg contents. The concentrations of
sodium and potassium are lower.

Aluminium is implicated in the dialysis encephalo-
pathies and in Alzheimer’s disease. The human body
contains around 60 mg of aluminium. Around 5 mg of
aluminium per day taken in through food in organism,
but its absorption is significantly lower - less than
10 pg per day [18]. No animal species requiring
aluminium as an essential element has been detected
so far. Aluminium passes through the intestine and
is not absorbed in the body - it is absorbed in small
amounts; but no skin absorption is possible, however
pulmonary absorption is. If it comes to the bloodstream,
the body hardly excretes it [17].

Calcium makes about 2% (1 - 2 kg) of the human
mass and it is mostly incorporated into the bones and
teeth. A small portion of calcium plays an important
role in the complex mechanism of cell signal transmission
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and response. It participates in processes such as
regulation of cell function, muscle contraction, blood
clotting and enzymatic regulation; controls the release
of hormones and participates in the construction of
endo- and exo-skeletons. Daily calcium requirements
amount to about 1 g, depending on the sex and age
(children in development and pregnant women require
higher amounts of calcium [41]). Calcium has a major
role in regulating epidermal functions, including cell
proliferation, terminal differentiation, and cell-to-
cell adhesion. Aberrations in calcium regulation have
been noted in psoriasis [42] and calcium is described
as potential central regulator in wound healing in
the skin [43].

Iron alloyed with various proteins performs a number
of impressive functions vital for survival, replication
and cell differentiation. One of the most important
biological functions of iron is that, as a part of the
haemoglobin, oxygen is transmitted to each cell in
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the body. Also, iron is present as a part of enzymes
of respiratory chain, enzymes that work on DNA
synthesis, free radical protection systems, and enzymes
that allow cells to release energy using glucose [44].
The human body contains around 4 g of iron, while
daily iron requirements amount to 10 mg. The lack
of iron causes anaemia, while the excess of iron can
damage the liver and kidneys in some cases. Some
recent studies described the involvement of iron in
wound healing: patients with severe diabetic foot
ulcerations have iron deficiency [45]. Also, chronic
inflammatory conditions such as rheumatoid arthritis
(RA) and Lupus Erythematosus are associated with
dysregulation of local cutaneous iron haemostasis
[46]. Iron ions form many complexes, and some studies
have shown that chelate iron compounds protect the
skin from radiation and are added to sunscreen
preparations with the aim to protect [47].
Magnesium is the most common divalent metal in the
cell. The largest part of this metal is tied in bones,
and while the rest is tied in the ATP and in the cell.
One of the most important roles of magnesium is in
phosphate metabolism. Out of the total of ten glycolic
enzymes, as many as five contain magnesium [48].
Additionally, it regulates transport through the cell
membrane and participates in protein synthesis. The
human body contains around 25 g of magnesium, while
daily requirements amount for this element are the
most 200 mg.

Sodium and potassium are transported through the cell
membrane — sodium is an intracellular and potassium
is an extracellular metal. As the membrane is not
permeable to hydrated ions, the transport of these
two metals is carried out via ion channels and pumps
for sodium and potassium. This transport is very
important for maintaining the ionic potential of the
cell [49]. The human body contains around 130 g of
potassium and 100 g of sodium. The quantity of sodium
and potassium that a person takes in through food is
different from culture to culture and from person to
person — it is around 1 - 6 g for potassiumand 2 -9 g
for sodium. However, daily recommended doses are
3 g for potassium and also 3 g for sodium, too [18].
Sodium is important for the regulation of osmotic
pressure, the dissolution of proteins and organic acids.
The lack of sodium leads to muscle twitching, but in
the case of excess sodium, it comes to interference
in the heart and kidneys. It may cause an increase in
blood pressure as well. Potassium has several roles:
regulation of intercellular fluids, solubility of proteins,
work of nerve impulses and muscle contractions.
The lack of potassium in males can lead to irregular

contraction (arrhythmia), while excess of potassium
affects the excitability of the nervous system.

There is growing interest in scientific researches
evaluating the efficacy and safety of using dietary
supplements containing silicon. Its use aims at increasing
blood levels of this element and improving the skin
and its annexes appearance [50]. It was shown that
silicon can stimulate fibroblasts to secrete collagen
type I [51].

Environmental parameters

The presence of potentially toxic elements and their
concentration are very important parameters of the
environmental state and indicators of its pollution.
As we have stated in the introduction, in our study
we determined the following three parameters: the
contamination factor (CF), the pollution load index
(PLI) and the index of geoaccumulation (Igeo).
Contamination factor (CF) describes the contamination
of a given potentially toxic element in an investigated
area [52]. We count it by using the following equation:

CF = Cs/Cb,

where Cs represents the content of potentially toxic
element in the sample, while Cy represents the
potentially toxic element background value (so far,
we do not have reliable experimental data that this
value is applicable to skin exposure).

CF factor is classified into four categories: low
contamination (CF < 1); moderate contamination
(1 < CF < 3); considerable contamination (3 < CF < 6)
and very high contamination (CF > 6).

Index of geoaccumulation (lge) is used for the evaluation
of the potentially toxic element contamination of
peloid mud [53]. This index is expressed as:

Igeo = |ng (Cn/lSBn),

where C, represents the measured content of
potentially toxic element, while B, represents the
geochemical background value for potentially toxic
element.

Because of possible variations of the back-ground
data due the lithological variations, a factor of 1.5 is
used.

lgeo factor is classified in the following way: un-
contaminated (lgeo < 0); uncontaminated to moderately
contaminated (0 < lgeo < 1); moderately contaminated
(1 < lgeo < 2); moderately to strongly contaminated
(2 < lgeo < 3); strongly contaminated (3 < lgeo < 4);
strongly to extremely contaminated (4 < lgeo < 5) and
extremely contaminated (lgeo > 5).

Pollution load index (PLI) provides a simple and
comparative means of assessing the level of potentially
toxic element pollution of the sediment [54]. We
calculated this index by using the following equation:

PLI = (eCF1 ). RECFA 2y [CF1,(3) e tCF1,n)1'a/m)

If the value of PLI index is less than 1, there is no
potentially toxic element pollution in the sediment,
but if the index is higher than 1, the pollution exists.

Although it is an ecological index, we assume that,
based on its value, we can orientate ourselves to
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assess whether the peloid can be used for application
to the skin.

For purpose of our work, we used natural geochemical
background values for the Southern Adriatic, as
Dolenec et al. have shown in their work [55]. Namely,
in this paper the authors studied the concentrations
and distributions of chemical elements in the surficial
sea bottom sediments of the Adriatic Sea. According
to these authors, the highest concentrations of most

trace elements (Be, Co, Cu, Cr, Ni, Sc, Th, V, Zr) are
found in the southern Adriatic. Sediments of this
area also exhibit high concentrations of As, La, Hg,
Pb and Zn. Such potentially toxic element content
is in some way expected due to the fact that heavy
mineral accumulations such as chromite, titanomagnetite,
ilmenite and rutile are found in the offshore sands of
the southern Montenegro.

Table V
Medium, minimum and maximum concentrations of chemical elements in surficial sediments from the Southern
Adriatic
Element | Al Ca Fe Ti K Mg P Ba Mn Sr Ag As Be
Units % % % % % % % | ppm | ppm | ppm | ppm | ppm | ppm
Mean 513 | 10.25 | 296 | 0.24 | 1.61 | 2.3 | 0.05 | 237 | 1079 | 453 0.9 9.1 2.2
Min. 3.96 | 633 | 204 | 019 | 1.12 | 1.79 | 0.04 | 153 | 572 | 290 | 05 1.0 1.6
Max. 6.31 | 145 | 418 | 0.31 | 201 | 3.1 | 0.07 | 336 | 2050 | 664 | 1.3 19 2.7
Element | Co Cr Cu Hg La Ni Pb Sc Th U \Y Zn Zr
Units | ppm | ppm | ppm | ppm | ppm | ppm | ppm | Ppm | ppm | ppm | ppm | ppm | ppm
Mean 18 110 | 34.7 | 0.133 | 25.8 | 128 11 11.1 7.4 2 102 76 46.1
Min. 10 53 21.8 | 0.069 | 22.3 49 5 7.4 6.1 15 76 58 27.3
Max. 25 246 | 449 | 0.419 | 28.8 | 264 18 15.9 8.2 3 142 101 | 53.9

Table V shows medium, minimum and maximum
concentrations of chemical elements in surficial
sediments from the Southern Adriatic.

Based upon the given formulas and the data from the
Tables I and V, we first calculated the Contamination
factor for most of the determined elements and the
results are shown in Table VI.

Table VI

Contamination factor for most of the determined elements in the Igalo peloid

Element | Contamination factor | Description of peloid according to CF
Ti 3.33 Considerable contamination
Fe 1.39 Moderate contamination
Al 1.31 Moderate contamination
Ca 0.53 Low contamination
Ba 0.83 Low contamination
Sr 0.34 Low contamination
K 1.12 Moderate contamination
Mg 0.91 Low contamination
As 0.62 Low contamination
Zr 1.04 Moderate contamination

Element | Contamination factor | Description of peloid according to CF
\Y/ 0.91 Low contamination
Cr 1.84 Moderate contamination
Mn 0.42 Low contamination
Co 0.87 Low contamination
Ni 1.08 Moderate contamination
Cu 1.49 Moderate contamination
Zn 1.03 Moderate contamination
Hg 0.0008 Low contamination
Be 0.41 Low contamination
La 1.08 Moderate contamination
Sc 1.32 Moderate contamination
P 1.36 Moderate contamination
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Element | Index of geoaccumulation Description of peloid according to lgeo
Ti 1.15 Uncontaminated to moderately contaminated
Fe -0.12 Uncontaminated
Al -0.20 Uncontaminated
Ca -1.64 Uncontaminated
Ba -0.86 Uncontaminated
Sr -2.16 Uncontaminated
K -0.43 Uncontaminated
Mg -0.72 Uncontaminated
As -1.29 Uncontaminated
Zr -0.53 Uncontaminated
\Y -0.73 Uncontaminated
Cr 0.29 Uncontaminated to moderately contaminated
Mn -5.18 Uncontaminated
Co -0.79 Uncontaminated
Ni -0.47 Uncontaminated
Cu -0.01 Uncontaminated
Zn -0.54 Uncontaminated
Hg -10.87 Uncontaminated
Be -1.88 Uncontaminated
La -0.47 Uncontaminated
Sc -0.19 Uncontaminated
P -0.14 Uncontaminated

Table VII

Index of geoaccumulation for most of the determined elements in the Igalo peloid

Subsequently, we determined the Index of geo-
accumulation (lgeo) and the results are shown in
Table VII.

And at the end, we calculated the Pollution load
index (PLI) for potentially toxic elements:

PLI = 'VCF(As) - CF(Zr)- CF(Cr) - CF(Mn) - CF(Fe)- CF(Co)- CF(Ni) - CF(Cu) - CF(Zn) - CF(Hg) - CF(V)- CF(T1)- CF(La) =

= ‘3f0.62-1.04-1.84-0.42- 1.39- 0.87 - 1.08 - 1.49- 1.03 - 0.0008 - 0.91-3.33- 1.08 = ‘¥/0.0026 = .63,

The obtained value means that there is no potentially
toxic element pollution in the sediment.

Long-term application of peloid therapy in both
domestic and foreign users of balneotherapy in Igalo
institute did not show any side effects or side effects
on the skin. We consider that the toxicity of even
heavy metals found at lower concentrations in the
peloid cannot be expressed in a relatively short period
of peeling on the skin. For the time being, there are no
publications confirming the toxic metal concentration
and the exposure time needed to allow the peloid to
exhibit toxic effects.

Conclusions

In this paper, we examined the physico-chemical
characteristics of the Igalo peloid. This is the first
study of this type in Montenegro. The components of
this natural resource have biological activity which
requires further research both in vitro and in vivo,
all for the sake of adequate scientifically validation
of the same. Also, since the presence of potentially
toxic elements and their concentration are very
important parameters of the state of the environment
and indicators of its pollution, on the basis of the
measured values we calculated three quantitative
parameters that shown that there is no potentially
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toxic element pollution in the sediment or the area
from which the sampling was carried out.

Our future work will be focused on examining the
presence of organic substances (fatty acids, carbo-
hydrates, aminoacids and proteins), their quantity
and nature, as well as the monitoring of possible
side effects that the peloid could exhibit during the
application.
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