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Abstract: The studies were conducted on the natural waters of Georgia: Gortubani and Naminauri
(Adigeni region), Danisparauli, Dandalo and Makhinjauri (Adjara region) which exhibit medicinal
properties. The following water indicators were determined: titratable acidity, electrical conductivity,
hardness, the content of solids, sulfates, chlorides, hydrocarbonates, nitrates, ammonium salts and
metals. These indicators were determined in the source water, as well as in the concentrate and
permeate obtained by ultrafiltration. The productivity of the ultrafiltration process was determined,
its dependence on the duration of the process, the applied pressure and the location of the spring. The
productivity of the Danisparauli water ultrafiltration process decreases with time; the productivity
remains unchanged during the filtration of the Makhinjauri and Naminauri waters; during ultrafiltration,
the titratable acidity of the Makhinjauri water increases significantly, by 66.5%, that of the water
Naminauri by 36.6%, the titratable acidity of the Danisparauli water remains unchanged, the sulfide
ion content in the Makhinjauri water increases by 12%, and in the Naminauri water by 35.5%, the
chloride content in the process of concentrating practically does not change. It was found that all the
investigated waters are contaminated with heavy metals and the population should not use them for
treatment. The data obtained can be used to simulate the purification of natural sources.

Keywords: healing mineral water; ultrafiltration; metals; natural waters

1. Introduction

The sustainable development of each country determines the quality of human life and health,
which depends on the level of economic development [1,2], the state of the environment [3-10], the
quality of food and drinking water [11-13].

Mineral waters are mineralized subterranean or surface waters which have specific
physicochemical properties (temperature, radioactivity, etc.), are enriched with biologically active
substances and have medicinal qualities. Water is medicinal (healing) if one liter of water contains at
least 1 g of mineral substances, and treatment with such water is called balneotherapy. Water must be
highly potent or have a high temperature [14-16].

The physical and chemical properties of water include temperature, mineralization, ionic
composition, dissolved gases, radioactivity, biologically active compounds and trace elements [17,18].

By temperature, mineral waters are classified as follows: very cold (up to 4 °C); cold (4-20 °C);
warm (hypothermal) (20-37 °C); hot (mesothermal) (3742 °C); very hot (hyperthermal) (>42 °C).
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It was found that medicinal waters, when passing deep into the soil, dissolve its salts and get
enriched with them, especially in those cases when the water is retained for some reason and becomes
motionless [19-21].

Mineralization of water is determined by the content of the total amount of dissolved mineral
substances. The following water groups are distinguished by mineralization: very low mineral
content water (light mineral water) (2 g/L); low mineral content water (2-5 g/L); medium mineral
content water (5-15 g/L); rich mineral content water (15-30 g/L); saturated (30-150 g/L); oversaturated
(>150 g/L) [22-24].

Very low mineral content water and high-calcium water has diuretic properties, and this contributes
to the removal of bacteria, mucus, sand and small stones from the body along with urine. According
to the content of excess salts, mineral waters are divided into hydrocarbonate, chloride, sulphate;
combination of hydrocarbonate, chloride and sulfate waters—medicinal waters that contain biologically
important ions, such as iron or arsenic [25-27].

Gas containing mineral waters contain gases in a dissolved or free state. If the water contains
carbon dioxide or hydrogen sulfide, it refers to a healing water for a specific purpose. Water may
also contain nitrogen, methane and other gases, but currently such waters are underexplored and not
fully understood. Mineral water may contain comparatively large amounts of the decay products of
radioactive substances, such as radon and helium, and radioactive metals: uranium, thorium, and
actinium [28]. If the content of radon and helium is more than 1/10 of the volume of water, then the
water becomes industrially significant [29-31].

On the territory of Georgia, more than two thousand springs have been discovered, including
more than 730 springs of mineral waters, the daily volume of which is 130 million liters, of which
a quarter is used for balneological purposes, more than half is used in heat supply and industrial
bottling. Famous mineral healing waters include:

>  Borjomi—Medicinal-table hydrocarbonate sodium mineral water of medium mineralization.
The springs are in the Borjomi Gorge, in eastern Georgia. Unlike many other similar mineral
waters, Borjomi does not have time to cool underground and comes to the surface warm (38—41
°C), the water “undergoes” natural filtration and is enriched with 60 different minerals, which
make its composition unique. The mineral water treats the digestive system, diseases of the
gastrointestinal tract, biliary ducts, kidneys and much more [32-36].

> Likani—A unique natural medicinal-table water, saturated with minerals, contains a mineral-ion
complex—a combination of magnesium and calcium hydrocarbonates. Likani is richly saturated
with natural gas, therefore it perfectly quenches thirst. Carbon dioxide helps lift mineral water
from a depth of 1500 m and gives it a light taste. The water springs are located in the Borjomi
Valley at an altitude of 810 m above sea level.

> Nabeglavi—Healing-table, carbonate-hydrocarbonate, sodium-calcium sparkling water. The
spring is located at an altitude of 475 m above sea level. By its healing properties it is not inferior to
the famous Borjomi mineral water—it is recommended both for balneology and drinking, regular
use as table water helps to cleanse the body of harmful substances and enrich it with essential
minerals. The increased content of magnesium ion has a beneficial effect on the cardiovascular
and nervous systems. A small chlorine content significantly increases the therapeutic effect of
water, and an increased number of sulfates is important for the treatment of diseases of the
gastrointestinal tract. Due to the unique complex of minerals that make up Nabeglavi, the mineral
water acts as an “inside shower” and perfectly cleanses the body. In addition, it enhances the
immune system and is effective in the prevention and treatment of diseases of the digestive
system and metabolism, also contributing to the removal of waste [37].

> Sairme—Natural table, healing-table and healing mineral waters which are formed in the deep
zones of the earth’s crust, where they are saturated with natural carbon dioxide and come to the
surface in the form of natural ascending (nongravity) spring. They are located in the west of
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Georgia, at an altitude of 950 m above sea level. The springs come from several sources and differ
from each other in chemical composition and healing properties.

> Bakuriani—Natural very low mineral content water, saturated with mineral complexes, regulates
the body’s water balance. Frequent use of this water activates the physiological state of a person.
The springs are in the east of Georgia. This water is characterized by a minimal concentration of
calcium, potassium, sodium and magnesium, and contains a small amount of fluorine and iodine
ions. It is recommended for use in baby food, and, with its unique composition, it is the best for
people leading an active lifestyle [38].

>  Healing water Lugela is unique not only in Georgia, but throughout the world. This is calcium
chloride 9% mineral water and is transparent and odorless with a slightly bitter taste, which does
not freeze even at the lowest possible temperature. The springs of the Lugela mineral waters
are located in Western Georgia. It is a healing calcium chloride water that treats diseases of the
skeletal system and joints, allergies, nephritis, stomatitis and bleeding [39-41].

> Mineral water Zvare is rich in iodine. It is used to treat the digestive system, chronic gastritis,
pancreatitis, liver and biliary tract diseases, metabolic disorders and to balance acidity. The
springs are located in Imereti (Western Georgia), at an altitude of 800 m above sea level.

> Living water—This is the name of the thermal radon mineral waters of Tskhaltubo located at an
altitude of 100 m above sea level. Biologically active trace elements were found in the mineral
springs—iodine, bromine, manganese, lithium, boron, zinc, strontium, copper—which play
an important role in the life of the body. The physical and chemical properties of water are
unique: it is warm (35 °C), light, clean and odorless. The mineral springs were mainly used
for bathing and inhalation, but in recent years natural radon waters have been increasingly
used for drinking treatment. Radon therapy is used for diseases of the cardiovascular system,
musculoskeletal system, digestive organs, central and peripheral nervous systems, skin diseases,
metabolic disorders [42].

> Mitarbi mineral water springs are located in the gorge of the river Mitarbwater. The mineral
water is used to treat chronic gastritis, chronic colitis, stomach ulcer and duodenal ulcer, chronic
diseases of the biliary and urinary tract, metabolic disorders, chronic pancreatitis [43,44].

> Bahmaro is fresh water with a very low salinity, the chemical composition of which is dominated
by magnesium and calcium hydrocarbonates, it is saturated with oxygen and has an unusually
mild taste. The water is approved and recommended for use in baby food [45].

> Sno is natural underground water which is rich in all necessary elements. This clear and tasty
water is generated on the southern slopes of the central part of the Greater Caucasus Mountain
Range at an altitude of 1700 m above sea level [46,47].

Currently, only five brands of mineral water are produced on an industrial scale: Borjomi,
Nabeglavi, Sairme, Likani, and Bakuriani [48-52]. However, despite the existence of such an abundance
of produced and used mineral waters, the population spontaneously uses unofficial mineral springs
with an unknown composition and unknown therapeutic properties to treat various types of diseases,
which, naturally, poses a great threat to human health. The unauthorized use of mineral water causes
massive poisoning and allergic reactions.

The objective of the work is to identify the chemical composition and physicochemical properties
of natural and ultrafiltered mineral waters which are most often used by the population for drinking
and for curative purposes.

2. Materials and Methods

The studies were conducted on the natural waters of Georgia—Gortubani and Naminauri
(Adigeniregion), Danisparauli, Dandalo and Makhinjauri (Adjara)—which exhibit medicinal properties:
Sulfur-containing waters—Dandalo, Makhinjauri—treatment of fungal diseases (mycoses); Gortubani,
Naminauri, Danisparauli—treatment of joints and diseases of the stomach.
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The following water indicators were determined: titratable acidity (titrametric method), hardness
(trilonometric method), solids content (refractometric method), sulfates (HACH-Method 8051),
chlorides (argentometric method), hydrocarbonates (titrametric method), nitrates (HACH—Method
LCK 339), ammonium salts (HACH—Method LCK 304) and metals (flame atomic emission
spectrophotometer ICPE-9820), pH (ISO 10523: 2008) and electrical conductivity (conductometric
method). These indicators were determined in the source water of the spring, as well as in the
concentrate and permeate obtained as a result of ultrafiltration. The productivity of the ultrafiltration
process was determined, its dependence on the duration of the process, the applied pressure and the
location of the spring. The ultrafiltration was carried out in a tangential dynamic mode, on the UPL-06
installation, polyamide hollow fibers with an area of 2 m? were used as membranes in the form of an
AP-2.0 separation apparatus (produced in Kirishi, St. Petersburg).

The pore size of membranes is =500 A and the mechanical stability limit of membranes is
determined by the working pressure; for hollow fibers it is 1.8-2.0 MPa. The performance of the
ultrafiltration process was calculated by the volume of permeate obtained from 1 m? of the membrane
per hour.

The structure of hollow fibers, the ultrafiltration processes conducted in it and the mechanism are
shown on the Figures 1-4.

Figure 1. Hollow fibers VPU-15PA.
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Figure 2. The mechanism of the ultrafiltration: (a) Hollow fibers ultrafiltration mechanism, (b)
Fractional separation during ultrafiltration.
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Figure 3. The scheme of ultrafiltration process.

Figure 4. Technical scheme of ultrafiltration-dynamic mode: 1—pectin isolate volume, 2—pump,
3—mechanical filter, 4—membrane filter, 5—manometer, 6—tap, 7—filtrate volume.

3. Results and Discussion

Ultrafiltration of medicinal waters was carried out. The productivity of the process was determined,
its dependence on the filtration time, the type of medicinal water source, the titratable acidity, the
content of sulfide and chloride ions, heavy metals, and electrical conductivity were determined in the
filtrate and concentrate. The parameters were determined according to the type of healing water, the
source area and the parameters of ultrafiltration process.

Figure 5 shows the dependence of the productivity of the ultrafiltration process of the medicinal
waters (Danisparauli, Makhinjauri, Naminauri) on the filtration time.
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Figure 5. The dependence of the productivity of the ultrafiltration process on time.
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It was found that the productivity of the process of ultrafiltration of the Danisparauli water
decreased over time and remained unchanged during filtration of the Makhinjauri and Naminauri
waters. In permeate (filtrate) and concentrate, obtained as a result of filtration, a chemical analysis of
the water was carried out. The titratable acidity data are presented in Figure 6.
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Figure 6. Change in titratable acidity C(H*) of medicinal waters during ultrafiltration.

It was found that during ultrafiltration, the titratable acidity (CH*) of the Makhinjauri
water increased significantly, by 66.5% (0.051-0.152 mmol/H"), of the Naminauri water—by 36.6%
(0.045-0.071), while the titratable acidity of the Danisparauli water remained unchanged.

In sulfur-containing waters, the content of sulfide (S*~) ions was determined in the filtrate and
concentrate (Figure 7).
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Figure 7. Change in the content of sulfide ions during ultrafiltration of Naminauri and Makhinjauri
mineral waters.

It was found that, in the process of concentrating, the content of sulfide (S>~) ions in the Naminauri
water increases by 12%, and, in the Makhinjauri water, by 35.5%.

It has been established that the process of concentrating the Makhinjauri mineral water is more
efficient than the Naminauri water. This result makes it possible to obtain and use the concentrate of
the Makhinjauri mineral water, which is especially important in the treatment of fungal diseases with
this water.

Chloride content was also determined in the filtrate and concentrate (Figure 8).
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Figure 8. Change in the content of chloride during ultrafiltration of Naminauri and Makhinjauri
mineral waters.

It was found that the chloride content in the process of concentration is practically unchanged—that
is, during the ultrafiltration process, chlorides are not retained by the filter hollow fibers and they
completely pass into the concentrate. Hence it follows that the mineral composition of water in terms
of chloride content does not change during ultrafiltration, which is very important, since it is the
mineral composition that determines, overall, the healing effect of many waters.

To assess ecological cleanliness, the content of elements, mainly metals, was determined in
medicinal waters (in total, 23 elements were determined): Cr, Fe, B, K, Ca, Mg, Na, Ba, Ti, Cd, Mo, Mn,
Ni, Co, As, Sb, Pb, Si, Hg, V, Cu, Al, Zn (Figures 9-16).
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Figure 9. The content of B, Fe and Cr in the Adjarian and Adigeni regions mineral waters.
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Figure 10. The content of K, Ca and Mg in the mineral waters.
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Figure 11. The content of Na, Ba and Ti in the mineral waters.
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Figure 12. The content of Cd, Mo and Mn in the mineral waters.
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Figure 13. The content of Co, Ni and As in the mineral waters.
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Figure 14. The content of Sb and Pb in the mineral waters.
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Figure 15. The content of Si, Hg and V in the mineral waters.
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Figure 16. The content of Zn, AL and Cu in the mineral 1 waters.

It is known that heavy metals have a negative effect on the human body, accumulate in it and
ultimately cause blood disease—leukemia. On the one hand, a person taking mineral water facilitates
the course of a specific disease, but on the other hand, he can get a blood disease

The data of the analysis of mineral waters for the content of metals, including heavy ones, are
shown on Figures 9-16.

Figure 9 presents data on the content of chromium, boron and iron in the mineral waters of Adjara,
as well as, for comparison, data on the content of these metals in the waters of another region—Adigeni,
Naminauri and Gortubani.

The obtained data on the content of metals in regions for comparison by region and between
regions are presented in the form of series according to the principle of increasing:
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e B (mg/L): Makhinjauri concentrate (1.07)—Gortubani (1.49)—Dandalo (1.91)—Makhinjauri
(2.07)>Naminauri (2.89)—Danisparauli (3.78);

e Fe (mg/L): Dandalo (2.01)=>Naminauri (2.13)—Gortubani (2.15)—Makhinjauri (3.92);

e Cr (mg/L): Dandalo (0.598)—Naminauri (1.23).

As can be seen from the data presented, the highest boron content is in Danisparauli water, iron in
Dandalo water (Adjara region), and chromium in Naminayri water (Adigeni region). In the waters of
Danisparauli and Makhinjauri concentrate, Fe was not found, Chromium was only found in the waters
of Dandalo and Naminauri and all three elements were found in these two waters.

It should be especially noted that the content of these elements significantly exceeds the maximum
allowable standards: Fe (norm 0.3) exceeded 7-13 times, Cr (norm 0.05) exceeded 10-12 times, B (norm
0.5) exceeded 2-12 times.

Figure 10 presents data on the content of K, Ca and Mg in the mineral waters.

e K(mg/L): Makhinjauri (44.5)—Danisparauli (47.1)—»Makhinjauri concentrate (56.6)—Gortubani
(59.0)>Naminauri (59)—Dandalo (71.4);

e  Ca(mg/L): Naminauri (25.5)—Makhinjauri concentrate (54.5)—Dandalo (10.7)—Danisparauli(12.1);

e Mg(mg/L): Makhinjauri (42.0)—=Naminauri (52.1)—Gortubani (57.1)—Danisparauli (72.7)—
Makhinjauri concentrate (77.8).

As follows from the above, this magnesium content is overestimated in all waters, calcium is
normal, and the potassium content normal in the waters of Adjara, Makhinjauri and Danisparauli,
and is much higher in other waters. In the waters of Gortubani and Makhinjauri, Ca was not found,
although Makhinjauri water is taken both for the treatment of fungal diseases and for the treatment of
joints that need calcium.

Figure 11 presents data on the content of K, Ca and Mg in the mineral waters.

e  Na(mg/L): Makhinjauri (2.51)—Danisparauli (2.76)—Makhinjauri concentrate (2.98)—Gortubani
(3.04)—=Naminauri (3.32)—Dandalo(3.45);

e Ba(mgL): Makhinjauri (0.0567)—Naminauri (2.46)—Gortubani (3.19)—Makhinjauri concentrate
(3.52)—Danisparauli (3.64)—Dandalo.(4.24);

e Ti(mg/L): Makhinjauri concentrate (0.786)—Danisparauli (1.66)—Naminauri (3.39)—Gortubani
(4.16)—Dandalo (4.33)—>Makhinjauri (6.13).

It has been established that the sodium content in all waters is normal, while barium, only in
Makhinjauri water, and titanium are significantly 7-61 times higher than the permissible norm.

The content of such heavy metals as Cd, Mo and Mn was also investigated in mineral waters. The
data are presented in Figure 12 and in the form of comparison series.

e Cd(mg/L): Gortubani (0.72)—Danisparauli (0.944)—Makhinjauri concentrate (1.63—Naminauri
(1.79)—Dandalo (2.19).

e Mo (mg/L): Makhinjauri concentrate (0.918)—Gortubani (1.09)—Makhinjauri (3.07)—Dandalo
(5.98)—Danisparauli (6.12)—Naminauri (6.23).

e  Mn (mg/L): Makhinjauri (1.14)—Makhinjauri concentrate (1.87)—Dandalo (3.27)—Gortubani
(5.76)—Danisparauli (9.84).

As for the content of such elements as Cd, Mo and Mn, it significantly exceeds the permissible
standards—Cd by 72-219, Mo by 4-24 and Mn by 10-32 times. Cadmium is not contained only in
Makhinjauri water, but manganese in Naminauri water.

The Ni content was also studied with Co and As (Figure 13).

From the comparative series of data:
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e Ni(mg/L): Gortubani (0.0005)— Dandalo (0.0014)—Makhinjauri concentrate(0.0033)—Naminauri
(0.0056)— Danisparauli (0.0058)—Makhinjauri (0.0105);

e  Co (mg/L): Makhinjauri (0.0008)— Danisparauli (0.0032)—Gortubani (0.0045), Dandalo.

e As(mg/L): Naminauri (0.0092)—Makhinjauri (0.015)—Gortubani (0.0287)—Dandalo (0.036)—
Makhinjauri concentrate (0.0375)— Danisparauli (0.0491).

It was established that the content of these elements is below the permissible standards. In the
waters of Naminauri and Makhinjauri concentrate, Co was not found.

In mineral waters, it has been established that the content of antimony is increased by 3—44 times,
of lead 60-167 times (Figure 14), and their content is highest in the water of Danisparauli. As for other
elements, the content of silicon is practically normal, mercury is 50-75 times higher than normal, and
vanadium is 17-148 times higher (Figure 15).

e Sb (mg/L): Naminauri (3.15)—Makhinjauri concentrate (3.6)—Dandalo (4.06)—Gortubani
(6.1)>Makhinjauri (7.77)—Danisparauli (8.38);

e  Pb(mg/L): Dandalo(0.096)—Naminauri(0.317)—Gortubani(0.412)—Makhinjauri(0.298) -Makhinjauri
concentrate (1.02)—Danisparauli (1.34).

e Si (mg/L): Naminauri (4.73)—Makhinjauri (6.07)—Dandalo (10.05)—Makhinjauri concentrate
(10.77)—Danisparauli (11.75)—Gortubani (13).

e Hg (mg/L): Danisparauli (0.0267)—Dandalo (0.132)—Gortubani (0.208) >Naminauri (0.243)—
Makhinjauri (0.315)—Makhinjauri concentrate (0.376).

e V(mg/L): Gortubani (1.7)—Danisparauli (2.45)—Makhinjaur (2.6)—Makhinjauri concentrate
(6.21)>Dandalo (14.8). In the water of Naminauri were not found.

From the given comparative series of data, it follows that, in relation to mercury and vanadium,
Makhinjauri water, which is very often used in the form of sulfur baths, is unfavorable.

e Zn (mg/L): Naminauri (4.46)—Gortubani (4.76)—Dandalo (4.9)—Danisparauli (8.65)—
Makhinjauri concentrate (8.93)—Makhinjauri (9.06).

e Al (mg/L): Makhinjauri (2.46)—Naminauri (4.19)—Dandalo (5.65)—Makhinjauri concentrate
(5.85)—Gortubani (6.97)—Danisparauli (8.16).

e  Cu(mg/L): Makhinjauri (5.76)—Naminauri (6.09)—Makhinjauri concentrate (9.93)—Danisparauli
(7.02)—Dandalo (7.27)—Gortubani (7.55).

As for zinc, aluminum and copper, the content of these elements is increased: zinc 45-90 times,
aluminum 5-20 times, and copper 6-8 times higher than normal.

4. Conclusions

The studies were conducted on the natural waters of Georgia: Gortubani and Naminauri (Adigeni
region), Danisparauli, Dandalo and Makhinjauri (Adjara region) which exhibit medicinal properties.

The following water indicators were determined: titratable acidity, electrical conductivity, hardness,
the content of solids, sulfates, chlorides, hydrocarbonates, nitrates, ammonium salts and metals.

These indicators were determined in the source water, as well as in the concentrate and permeate
obtained by ultrafiltration. The productivity of the ultrafiltration process was determined, its
dependence on the duration of the process, the applied pressure and the location of the spring. The
productivity of the Danisparauli water ultrafiltration process decreased with time, the productivity
remained unchanged during the filtration of the Makhinjauri and Naminauri waters; during
ultrafiltration, the titratable acidity (Cyy*) of the Makhinjauri water increased significantly, by 66.5%
(0.051-0.152 mmol/L H*)—that of the Naminauri water by 36.6% (0.045-0.071)—the titratable acidity of
the Danisparauli water remained unchanged, the sulfide ion content in the Makhinjauri water increased
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by 12%, and in the Naminauri water by 35.5%, the chloride content in the process of concentrating
practically did not change.

It was found that all the investigated waters are contaminated with heavy metals and the
population should not use them for treatment. It is necessary to conduct explanatory conversations
with the population about the impossibility of using the water of these sources for drinking and for
medicinal purposes.

These natural sources should be used only after preliminary purification of water from impurities
and heavy metals using membrane technology; in particular, the use of electrodialysis with ion
exchange membranes or ultrafiltration, or a combination of these methods.

It is necessary to carry out full monitoring of water: chemical and microbiological control, to
familiarize the population with the monitoring results. In the case of negative results, it is important to
temporarily close the sources and establish sources of pollution with heavy metals.

The data obtained can be used to create computer programs for predicting the purity of
natural sources.
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