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33m930L 30Bsb60: 33930L Bmozsmn B0dsb0Y: §) F7oxkLbML bogdsmmzgamb
0oMbgmamganymo 3m®Hgbznomo o Asshammb dobo 93mbmadnggmn sbogado; obg-
39, 0) 330My3mnbmb nbm3zs30Ma LHMHIZN00 ddMbgyMMmMagnyMo MgMadnab, b3S
o 39embgL LgMm3z0LydNL bygMmTn LLOYMBE. gobbognmMmgdnm 3603369mmM3560y,
Lodommzgmmb 3MMaonb gobbadmzms Abmxymamdn, MmgmmE ddmezmo dombg-
mmangmo m9gMmadnnb 39bhmMmaby. 88 Todommyymgdom gMmm3zbym dombymemmansb
bgnmEado bobgmadbogm dbosMEoggMs o LogMmmsdmmabm 30330M0500bL goodhoyMmyds
0oMbgmamganymo 3gmmmbgdob doM3gdHnbanb, M3mednbs s 0MYbNb3nb 3gmboom.
0P30Mx0g™MNy 07303 9L dombgmanmagnymo mMmgobndeEngdaob gobznmoMmydab
LAHMIHIZN, MM B0 EO¥3TdYMABNME Lagmmadmmabm Immbm3zbs doMbymmman-
JM0 mgMmadnnb dndomao.

0603d369mm30600 Jomaymo dombgmamgnyMmo 390030b0L L3S gMmMbgoab
93Mbma3nzyMn 9x3994hH0sbmdab bEMMo dgxaobyds. dombymmmanyma 3gMmmibo, Mmam-
M3 6900030gM0 LOTYBIMBIM MMZabNBENY, MMNYbHNMYOYMNs LaMmaggdmab oby 93m-
6mdngyMmo 91399dH0sbmdab dnmgdedy. dommbgmemmgnyma gmmmdgdab g3mbmadnznmo
060m0Bab AshoMgds o dnbo LoMggdMaL omzms dgbodmms dmbaLb RogdhmodmMon-
30 o 3mMH9bEnyMo dgommnn. bagnMmms gdgdnb dmdngds bojommzgmmdn b3s 3gMm-
MH900b boMzmgxngdHnadbmdnb dgLoxsbydME. dombymmmganyma 3gMhmmbgdab Hbo-
39mMyMm0 09690M030 BoghmmMgonb 3MY396307mN, LaT3YMBbIMM @ bamgsdogmadsEnm
d0%6900, MMAMY003 3VMY639mMyma3q6 boMgodagohsEnm 33xMbsMMONDL dMoz3omMR]g-
Mm36900Ld o Tomom 9x399H0sbMOLL, P6s FgxRsLEIL 08 LLdgENENbmMm LoMagdmab
0603d369mmo0m, MMAgmoE do0 dmagdzm J39y60b dgn3nbabomznb o, sbg39, dgLo-
33b709mNY 83 LOMZxdMb 3MHgbEnemn F361E30L HYMNBTNL gobznmamydabomaznb.

33m3930L dg9gn: dombgmanmgnyMmo 390030b60LsM30L L3S s 39embaL 396¢HMY-
00L 93mbma03yM0 0b30B0 s Fomn FoMmM30Lo o FoM39H0b30L NbmMmzaEnyMmo My3mady-
BboEngdab dggabo.
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Balneology in Georgia has excellent medical and healing traditions. Since immemorial
time, Georgia has been famous for its healing thermal waters and traditional medicine, the
roots of which should be sought in antiquity. Balneology has its foundations in Georgian
culture, and therefore, at the crossroads of Europe and Asia, Balneological Resorts should
become Georgia's visiting card. Georgia has attractive resources in this direction to develop
medical tourism, balneotherapy, and spa tourism. We have 217 resorts of balneological sig-
nificance and medical, healing water (more than 2000 springs), karst caves of medical signif-
icance, and many other things that should be provided to the world consumer through the
correct economics, management, and marketing of balneological healthcare.

The term balneotherapy itself means treatment with mineral, Thermal Waters. This
health-improving and popular procedure has a unique effect on the human body. As is
known, the name "balneotherapy" comes from the Latin word balneum - bath, bathing, and
the Greek word therapia - treatment. Despite the beneficial properties of the balneologi-
cal resources and resorts of Georgia, medical balneological tourism is still developing. Spa
resorts, sanatoriums, hotels, and centers offer patients balneotherapy and various rehabil-
itation and preventive services. However, there are also problems that mainly relate to this
field's economics, management, and marketing.

Research Objective: The main objective of the research is to a) assess the balneological
potential of Georgia and conduct its economic analysis, as well as b) identify innovative

wodlews@yleay wny wayd
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strategies for implementation in the balneological therapy, spa, and wellness services.
It is essential to define the profile of Georgia in the world as a powerful balneological
therapy center. In this direction, national balneology needs state support and activation of
international ties in terms of marketing, advertising, and branding of balneological resorts.
Developing a strategy for balneological organizations is necessary to satisfy the international
demand for balneological therapy.

Assessment of the economic efficiency of Georgian balneological medicine spa resorts is
important. Like any entrepreneurial organization, a balneological resort is oriented towards
obtaining benefits or economic effects. Conducting an economic analysis of balneological
resorts and calculating their benefits can be done by actual and potential methods. It is
necessarytofind waysto assessthe cost-effectiveness of sparesortsin Georgia.The preventive,
curative, and rehabilitation purposes of the unique natural factors of balneological resorts,
which provide a variety of rehabilitation treatments and high efficiency, should be evaluated
in terms of the significance of the medical benefits, they bring to the country's medicine, as
well as the potential of these benefits for the development of health tourism.

Research result: An economic analysis of balneological medicine, spas, and wellness
centers and the creation of innovative recommendations for their management and
marketing.
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LMACNL 3NAModod dJaNadol abbMahdol
00ddddofb bibblNL 4CoBdodn 01301NNL,
LJNCJ6ANL Bd dudbNJaNnt ddabadlMoo
dUdaMain @on3dddonb, 9JhILCJaN
2J3NBNONL B 3N3JAIJBN3MoNL
LN6@AMANLOUL (ADHD]

d69 AMANY

»,00000000 00069Mmomgnghn 3ghmhBn’, ,8b0gdnzgho s068hmgomonby o
bohgmdsbnnb 3hy396300b 3968hn* 9g. 6033300 bgzhmomgan, Ph.D.;
00000b0, bogohmzggom

chochia@yahoo.com

243N0) $I3MI6I33NLN
0n. 3039b0d30000 Lob. MO0ENbLAL LobgedForm y6n39hbnByBn, Shmxgbmhao

0LYI3306dM LOO®Y3ION: MmYmno, b3nggbdan, dogbnydoa,
396 homyMo sMM393900.

0030300 3bv30L F36dMMYgEMOnbL 396 HomymM PoMM39390dn 653Y3060 dENENN P3o-
308 Y9Mmomgonb gx0i3nhnbs s 303gMagdhn3zmonb bnbmmab (ADHD). msbsdgmm-
39 0mbo(300900m, J3930000 EOMM393900, YgMo®adab IiNEnM0bY s 3039Magdhon-
3moO0L aMM393900 bmamo IzbmzMad 003339000 JxMm bdoMas, 300Mg Jomogdn
93bmamgon 83539 obd3nL 3M3YM3ENSdnN. M3b3gMM3g M3oebodMOLN), ADHD-0b Bo-
MAMIMds M35 RdJhHmMML P30390MEYds, MMIgMoE EMYII LMY aagbomo
of aMm0b.

33m3930L 30%0600 Logommzgmmb bMmBMOL 30MMOJO30 IO0IOYMMS O TPTn-
300 93bmzMmgodn, ADHD bobMMAnb dJmbg ©9383900L bLobbeab 3eMdd3sdn 88 LobmMmm-
80b gob30maMydnbmznb 8603365mm3360 gbgbiEnyMa BngzMmgmydgbhgdab (Zn, Cu, Mn)
999(339mMO0L gobLsdM3Ms. LagbmzMgdgma sgnmab (bagdsMmmnzgamb smAmbszmgm
3 sL3MYMNL bmxyangdn) go3mgbs smbndbyma gbgbEnyma dnzmmgagdgbhgdab bob-
bandn d993390Md3bY o dgEeMYdadY 03 ©9333900L AMbE7T70Mb, MMTydaiE AbES3L
93MMMmgnyM 30Mmo90dn 3bmzmmogb, dogMmod ADHD bobmmadnb 60dbydn oM sg300.

g3b0g03gM0 3063MMNYMONLY o BaM3mMBsbnnb 3M9396300L 396MHML daBDBY, 2021-
2024 Bangddn, gedmzzmgnanns gbgbEnyMa dnzmMmgmydgbhgodanb (Zn, Cu, Mn) d983339mm-
0399 LobbmAb 3MydBsdn ADHD bnbMMBnb (DSM-V Diagnostic Criteria) 3Jmbg 6-7 Eanab
117 053030, dom dmMob obobn, MMIWMYONE IN0©O96 o dTnza 3bmzMmOb6

wodlews@yleay wny wayd
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33mbazagm (1 bdnd6g 339B0 — 42 53830) S ESLIZWMYN bagoMm3gmMmb bmayegdda
(11 bodNB6Y 33980 — 48 053830). LagMbHMMMM 33830 Jgoms 27 033330, MMAMYO-
Log oM 3gmboc ADHD bobmmanb 60dbg00.

9LgbEnyMa T03Mmgmydgbdgdnb d99339mMmOs 09333900L bobbndn gobabodmazmo
3(hmMIYM sbmmoEngma b3gdhmmbzm3nnm (Perkin Elmer-3100). Bomgoymn 9mbs3gdgon
0387985300 3MA3nyhHagmymo 3Mmamsdno IBM Oasis-740, 39Mbos 4 (539).

©3nby, MmAT | Lodnd6Y 539330L 05333900L bobbEAL 3Mad3sdn, Zn-0b d93339-
Mo 3M 3M9x33hg0mMEs 6,4+0,1 dngMmdmen/a-b; Cu-ob 899339mmMOs 13,2+0,2 dnzMmm-
dma/an-b; Mn-0b 890339eM0os 0,14+0,02 dnzMmAmMen /an-D.

[l bod0B6y 3393330 Zn-0b J93339MMds 05333900L bobbeob 3edTod0n, 0gMam39,
oM 3mM9dshgoms 6,2+0,2 dnzMmame/a-b; Cu-ob 8993390mOs bobbmabL 3Mad3sd0
12,9+0,2 dngmMmaman/-b; Mn-aob d933339@modsS 0,12+0,03 dnzMmIman/an-b.

LagMbpMmmem 33993d0 dbmenme Cu-ob dg3339mMmMos Lobbab 3geddsdn d9gLods-
0900 0LO3MOMN3Z BMMASL o LoEbmzMxdgM 3EENMMSb V3e380Mgd7 MmN gobLbbgezg09d0
oM 3odmzmnbo. Zn-0b s Mn-0b d9333390Mdd bobbEAb 3gadTsdn sbagMomng bmMAs-
99 ©303mM0Ny. gL F07xNNMYOL 83 F03MMYE3g6HY00L P305MNLMBODY, M3 JRMM odmbo-
Hym0s Eobogzmym bagoMmm3zgmMan ELOLEIOYM s dxAn3sm dgbmamad 653d39000.

(ADHD)-0b LnbEMMANL gob3znMdMydNLM30L YsmMmgba 8603369mm3s60 gbgb3n-
3M0 d03Mmamydnbhgonb gzngodn bLobbeab 3eMeddsdn v3e3dnMydymMns IMZaM
RJHMMMSb, MMIgmms gogmgbs 3m3dnboMydymns s MmgmME sanmMmomngn, sby-
39 ,b393033039M0“ babosmaboo.

The content of Zinc, Copper, and Magnesium in
the blood plasma of children domiciled in rural
areas having behavioral disorders, and attention
deficit hyperactivity disorder (ADHD).

ANA CHOCHIA
“Tbilisi Balneological Resort”, “Center for Mental Health and Drug Addiction
Prevention” MD. Child Neurologist, Ph.D.; Tbilisi, Georgia

chochia@yahoo.com

DAVID ZURABASHVILI
I. Javakhishvili Tbilisi State University, Professor

KEYWORDS: Zinc, Copper, Magnesium, mental disorders.

Attention deficit hyperactivity disorder (ADHD) has a leading place among mental health
disorders in children. According to modern data, behavioral disorders, attention deficit hy-

14



CHEMISTRY AND HUMAN HEALTH

peractivity disorder, and hyperactivity disorders are more common in children domiciled in
rural areas than in the population of the same age domiciled in cities. From a modern point
of view, the origin of (ADHD) is associated with many factors, which have not yet been fully
determined.

The study objectives are to determine the content of essential microelements (Zn, Cu,
Mn) important for developing this syndrome in the blood plasma of children born and domi-
ciled in rural Georgia with (ADHD) syndrome. The reflection of the place of residence (east-
ern and western villages of Georgia) on the content of these essential microelements in the
blood and to compare the data with those children who live in similar ecological conditions
but do not have signs of (ADHD) syndrome.

In 2021-2024, the arm of 117 children aged 6-7 years with ADHD syndrome (DSM-V diag-
nostic criteria) were examined for the content of essential microelements (Zn, Cu, Mn) in the
blood plasma of children aged 6-7 years, including those born and permanently living in the
villages of Eastern (target group | — 42 children) and Western Georgia (target group 1l - 48
children). The control group included 27 children who did not have signs of ADHD syndrome.

The content of essential microelements in the blood of children was determined by
atomic adsorption spectroscopy (Perkin Elmer-3100). The obtained data were processed us-
ing the computer program IBM Oasis-740, version 4 (USA).

It was revealed that in the blood plasma of children of the target group I, the Zn content
did not exceed 6.4+0.1 micromol/l; Cu content 13.2+0.2 micromol/l; Mn content 0.14+0.02 mi-
cromol/L.

In the target group Il, the Zn content in the blood plasma of children also did not exceed
6.2+0.2 micromol/l; Cu content in the blood plasma 12.9£0.2 micromol/[; Mn content 0.12+0.03
micromol/L.

In the control group, only the Cu content in the blood plasma corresponded to the age
norm, and no differences were detected related to the place of domicile. The content of Zn
and Mn in blood plasma is lower than the age norm, which indicates a deficiency of these
microelements, which is mostly expressed in children born and permanently living in West-
ern Georgia.

The deficiency of essential microelements in blood plasma, which is extremely import-
ant for the development of ADHD syndrome, is associated with many factors, its reflection is
combined and is both local and “specific” in nature.

wodlews@yleay wny wayd
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odohANb 8MaNaA0IN 01aA8JCN 6JCNU
BNBNIM-JNaNJIAN 8d ananManmMCmandan
dofddbdoCdollb LJBMBJIAN BNBYENID

606(M 3036409

00mydnb dmmo hybmozg0nb
bobgedfiorm 36039hboS8gBn/
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0009000 dmav hybmo3genb
bobgedfoxnm y6039hbnByB 0L
oghohyon oo 3980hoby0n
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Lo3396dm bodyzgdn: mgMIYmo Bymgodn; bozgmg 3godMA3900; B0dBOZM-
JodoyMmao 30Mo3xhMgd0n; gemgdgbhamo dbomado; damemagaymo dgdmo.

3obbmMmEngmgomns sgamab dmgngMmomn mgmdyma Bymab LdMBYMo 33930

(80b0BgsyM0, sbombmggmn, agmss). 8gx3sbgdgmns Byamgdab mmgisEngdnb dndwyde-
M9 Mobdox®Hgd0Lb 006537MM37 AMBINIS. Poag)bngns Bymab 60373900L MMZsbm-
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™93hn3aMo o 0dozm-Jodonmn dohz9690mgdn Loagzgmyg 3oMmodgodn. MadmmMmodmMmn-
3 30mMMOg0d0 gobbadmzMmymns ogmaymo Bymgdab nmbymn d90swagabanmody, dogmm
o 9n3Mmgmgdgb®adnb dgdE39mmos. Bymgonb LoLYRMO30L boMabbob ogqbab
90600 gobLsdMzMYmMas badmmaobhymn o babmagnb AboMab gnx3nb dogbHamMmngdab
MomEgbmoy, As@HoMgdymos mygmadymo bymgdnb obdbmgdo snMmgodab 33mg3s Bob-
domByomoondnb 8993339MmmMO0DY. 3M33mMagLbyMmo 33emMg30L 393900 9x3LYOYMNY
LaBMBYMN NBsTN3NL Gom3emnbBnbgdom, Bymgdab godmygbgdab dgbodem Bndo-
MHYm9y0900L godmazmgbab dndbno.

Seasonal Dynamics of the Physicochemical
and Microbiological Parameters of Selected
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A seasonal investigation was conducted on selected thermal water sources in the Adja-
ra region, namely Makhinjauri, Akhalsopeli, and Leghva. The current mosaic of landscapes
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adjacent to these hydrothermal sources was assessed. In the Makhinjauri study area, nu-
merous adventive herbaceous plant species were identified as being established within
secondary phytocoenosis, which had been altered by anthropogenic influence. The plant
community was defined by a vegetation assemblage dominated by walnut and Japanese
cedar. At the Akhalsopeli research site, alder (Alnus spp.) was recorded as the dominant
species. At the Leghva site, the plant community was classified as a maize (Zea mays) agro-
coenosis, embedded within a surrounding vegetation assemblage dominated by alder. The
organoleptic and physicochemical parameters of the thermal water samples were assessed
under field conditions. The thermal water at Makhinjauri is characterized by a strong odor
typical of hydrogen sulfide, whereas the water at Akhalsopeli is distinguished by a specific
gasoline-like scent. The waters at Makhinjauri (34.9-37.62 °C) and Akhalsopeli (35.0-37.62 °C)
are classified as warm, while the water at Leghva is considered cool (13.5-14.34 °C). The pH
values of the Makhinjauri (pH 9.5-8.86) and Akhalsopeli (pH 8.0-8.56) waters indicate mod-
erate alkalinity, whereas the Leghva water is characterized as weakly alkaline (pH 7.80-8.17).
The ionic composition, as well as the concentrations of macro — and microelements in the
thermal waters, was determined under laboratory conditions. The salinization of the Akha-
[sopeli and Leghva waters is primarily attributed to the presence of chlorides and sodium
ions. Based on the concentrations of nitrates, nitrites, ammonium ions, and phosphates, the
waters are not considered chemically contaminated. They are not classified as siliceous or
ferruginous. The thermal water at Makhinjauri is characterized by a sulfide composition with
a notable presence of hydrogen sulfide, while the thermal water at Akhalsopeli is classified
as chloride-sodium type, with elevated concentrations of fluoride and boron. The thermal
water at Makhinjauri is not classified as mineral water. The water at Akhalsopeli is identi-
fied as mineral-thermal (35.0-37.63°C, mineralization >1g/L), whereas the water at Leghva is
classified as highly mineralized (7.400-7.540¢g/L). Elevated boron concentrations have been
detected at both the Akhalsopeli and Leghva sites. To evaluate water quality, the abundance
of saprophytic and coliform bacteria was assessed, and the results were found to be within
permissible limits. The hydrocarbon analysis of gases associated with the thermal waters
indicated that methane constituted 100% of the hydrocarbon content at all three sites. A
comprehensive assessment of the thermal waters was carried out, incorporating seasonal
variability, to identify potential avenues for their practical application.
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dhodoul5JdholN 80aMydbdolu
dN3dhMBNCMAILBNICN d30AON 8NBJIAICIAN
64CJdoNL 6ohdMJood(l

MJIJQ 3MGNMNJI, 606(M dbaNdI, 33013396 01360333020

000380b dmao hybmoggenb bobgoedfonm 36039hboBgB0b vghohyon o
d900hoby0n 899bmomgngdab nbbBnByB0

ninomxeidze@bk.ru

LY3336dM LNO®Y3ION: FnbgMmomyma Bymgdn, dogMmaomBMoE0o,
M93969Mo300, 3gogbbgdm36900, BOXMMM3IMabhHymMmo 3930Mabo.

©Mg0bam30b LoboMIMYdN godmnygbgogb dnbgMmomymo Bymgdob GomBMoEnnb
©MmL 9MNFIMI® Jomomab gombmgdb, MmMAmab dgdsmagabemmdsdnis dgab 0009-
b0, M3 LO¥TYENENEM MZemMbIBMObOM T0xMydgMNY.

33m930b 80D36L BaMmAIMIagbs dnbgMmamyma Byamagdab (dmmzmdn, Bsdgmans30,
3Mm3mbaM0) BombMm300bsb GombMmsEnab bamabbab, A396 dngM sdDYOYM By0-
0M367M0 330MdH)NL B3MBdMONLY S BogbHMabhnb MomMEgbmonb dgdEnMgdnlL 306mMb-
Bdm3ngMmgdob dgbBogme.

A396 d0gMm o BHMENYMm d3aMahdn godmygbadgmns gommm3mabhymo 3930Mo-
6o, MMIgmoE 6g0saMMmns 339000 Hggdbmemgngdbs o 89nEnbsdn. dMNAGNEN-
M900L gdnm dnmydymns nbgon BmIgd0b MmMydnsbn 393dMabs, MMIgmnE YOMY639-
ymab gomdmoznnbsb dnbgmomyma Bymgdab gogbbgdmzbgdob.

©0003960m0o 3990Ma6900L bomMygabgMmognm bbboMydab 39doggbenmady, 3mM6396-
HMo30900 o MY3969Ma300L HgdbmemmagnyMma M3x3x03900, MMIMdnE dgbodmydgemb
3obab dngmmagam@ Mmoo d33Madnb Moz30mM3gMaa godmygbgdsb, Ma3, 030l
dbMmog, 390030M70b dnbgMmommymo Bymgdab gombmaznab boMmzgob.

000m0B0bL 399390000 oa)bamns, MMI QompMmodn oM dg0Ee3Lb dgbmbo, go-
9bLbBg 603MNYMYdx0L, godmamhgzs L3300 O godg30M33MmMON0). GobHMo-
300bL 99093 dnbgMmamym Bymgddo bmymow dgbsmAnbgdymons babynbo nmbgdob dg-
doa9bmmoo.
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Reusable Microfiltration Apparatus
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Currently, Mineral Water Bottling Enterprises use disposable paper filters containing
asbestos for the filtration of mineral waters, which is medically unacceptable.

The aim of this study was to examine the filtration quality, the performance of a
membrane apparatus developed by us, and the regularities of filtrate volume reduction
during the filtration of mineral waters (Borjomi, Nabeghlavi, Kokotauri).

In our filtration apparatus, a fluoroplastic membrane was used, which is approved for
use in food technology and medicine. Through modification, a membrane with pore sizes
ensuring the disinfection of mineral waters during filtration was obtained.

The composition, concentrations, and technological regimes of regeneration solutions for
the membranes were determined, making it possible to reuse the microfiltration apparatus
multiple times, thereby reducing the cost of mineral water filtration.

Analysis results confirmed that the filtrate does not contain suspended or undissolved
substances and is characterized by clarity and transparency. The initial ion composition of
the mineral waters is fully preserved after filtration.
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The geothermal springs of Manikaran (Himachal Pradesh, India) have been utilized in
Ayurvedic medicine for centuries, yet they lack comprehensive scientific validation. This
study presents original research on their biochemical composition and therapeutic efficacy
through multidisciplinary investigations conducted between 2022 and 2024.

Using inductively coupled plasma mass spectrometry (ICP-MS), we quantified hydro-
gen sulfide (H,S) concentrations at 218+12 ppm, the highest recorded among Asian thermal
springs.

Microbiological analysis via 16S rRNA sequencing revealed a dominant population of
sulfur-oxidizing Thiobacillus spp. (81.7% abundance) responsible for maintaining bioactive
H,S production. A randomized controlled trial with 60 psoriasis patients demonstrated a
68% reduction in IL-17A levels (p<0.001) following 21 days of balneotherapy, confirming NF-«kB
pathway inhibition through Western blot analysis.

Pharmacological safety assessments showed:

s No detectable mercury, cadmium, or arsenic (ICP-MS detection limit: 0.01 ppm);
a» Normal renal and hepatic function markers in all participants;

s Developed nursing protocols that reduced adverse events by 37%.

These findings validate traditional Ayurvedic practices while establishing evidence-based
applications for modern integrative medicine. This research contributes to global balneolog-
ical knowledge by:

s Providing comprehensive geochemical profiles of Indian sulfur springs;

a  Demonstrating clinically significant anti-inflammatory effects;

» Offering standardized treatment protocols.
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Mineral water "Sairme" has been known since the 90s if XIX century. Sairme mineral wa-
ters flow from the depths of the earth in the form of six different healing springs, 5 of which
are mineral drinks, and the sixth is thermal water. According to the chemical composition,
Sairme water is a sodium-potassium hydrocarbonate, which is also rich in microelements,
such as iron and manganese. Both of these microelements are very important for the human
body. Sairme water also contains lithium, which treats the nervous system. Due to its unique
composition and rich microelement content, Sairme water is widely used for treating urinary
stones, gallstones, gastrointestinal diseases, endocrine system diseases, and metabolic dis-
orders.

Separately worth mentioning is the thermal water, which is used to treat diseases of the
musculoskeletal system, central and peripheral nervous system, digestive system diseases,
gynecological, urological, and skin diseases.
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The former balneological resort of Menji is located in the Senaki Municipality of the
Samegrelo-Zemo Svaneti region, in the valley of the Tzivis River, at an altitude of 29 meters
above sea level. The climate is subtropical, mild, with soft snowless winters (the average
temperature in January is 5.2°C), very warm and moderately humid summers (the average
temperature in August is 23.0°C), and a relative humidity of 73%. The annual precipitation is
1480 mm, with 2160 hours of sunshine per year. The main therapeutic factor is the sulfurous
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chloride-sodium mineral water, which was used for baths to treat joint, peripheral nervous
system, gynecological, and some cardiovascular diseases. According to local folklore, Meniji
is a Megrelian word and means ,sour waters” in Megrelian. Menji was awarded the title of a
union resort in 1938, it was built in the 1920s-30s. People came for treatment all year round.

Menji was called the “grave of crutches” by vacationers and people who came for treat-
ment. They mainly came with crutches to treat their joints, and when they no longer needed
the crutches to go back, they left them here. There are unique waters in Menji. There is sul-
furic water, which is why people came from the allied republics. The source of this water has
survived to this day, and vacationers and patients are received at that very place. There are
several more springs in Menji, which very few people know about.

There were several healing wells in the Menji resort (eye water, stomach water, beauty
water, joint water), and today in the 21st century only the 24th well is functioning, which was
discovered and taken care of by local residents. The water is used for baths for some diseas-
es of the joints, peripheral nervous system, gynecological and cardiovascular systems.

Menji mineral water belongs to the valuable hydrogen sulfide chlorine-sodium mineral
water, which contains gas. In addition, hydrogen sulfide, which is completely sufficient for
treatment in 1 liter of water. When taking a mineral water bath, it affects the body with its en-
tire psycho-chemical composition. In the case of Menji, hydrogen sulfide acts. The first bath
is prescribed for a short duration of 5-8 minutes, then the duration increases to 22 minutes,
etc. The duration of the bath depends on the nature of the disease. On average, 12-15 baths
are considered per course. The water temperature is also of great importance, it should not
exceed 37C.

The resort once received 1,500 to 2,000 vacationers, but today it is in ruins, and the pre-
cious medicine for the eyes, stomach, and joints flows into the Tsiv River. This resort was
considered a resort of the Ministry of Health.
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Health and Travel as Interconnected Concepts. Health and travel are closely intercon-
nected concepts. Travel based on natural resources has been known since ancient times;
tourism centered around natural healing resources, including thermal waters, has historical-
ly been both popular and relevant. It has also gained significant importance in the modern
era. The United Nations World Tourism Organization (UNWTO) has paid special attention to
this topic in the 21st century: in 2019, a Health Tourism Forum was held, and in 2023, the Euro-
pean Conference on Health and Wellness Tourism took place. These events emphasized the
immense importance of health tourism — as a means of strengthening the immune system
and restoring inner vitality.

Notably, in the context of global warming, health tourism is gaining relevance as an
alternative development direction for mountain ski resorts. One example is the HEALPS2
project.

Georgia is distinguished by its abundance of mineral waters and thermal springs, which
support the prevention and treatment of various diseases. A significant portion of the coun-
try’s resorts are located in mountainous areas. Despite its rich natural resources, the devel-
opment of balneological resorts faces challenges that require comprehensive analysis and
strategic approaches. Key challenges include infrastructure problems, insufficient invest-
ment, low service quality, lack of international recognition, and environmental risks.

Observing the principles of sustainable development and implementing environmental-
ly responsible policies will strengthen the positioning of Georgia’s balneological tourism as
an attractive sector; it will improve international perception and encourage an increase in
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tourist flows. Moreover, to fully realize the country’s potential, it is crucial to diversify tour-
ism products, effectively apply modern marketing strategies, and train qualified personnel.
Effective collaboration between the public and private sectors, as well as the sharing of in-
ternational experience, plays a decisive role in this process.

To address the issues and promote the development of resorts, resort zones, and tour-
ist-attractive destinations, the Resorts Development Agency (a legal entity under public law)
operates in Georgia. In 2023-2024, the agency hosted two international conferences titled
“The Future of Resort Development,” where spa industry experts presented modern devel-
opment models and successful global examples. The agency also organized two student
conferences. Its targeted activities will contribute to the establishment of a competitive and
sustainably developing balneological industry.

One of the most effective ways to raise awareness and align with contemporary trends is
by joining relevant associations and organizations. This approach has been successfully ad-
opted by the Sairme and Tskaltubo resorts, which became members of the European Historic
Thermal Towns Association (EHTTA), unlocking new opportunities for development.

The materials gathered, research conducted, and survey results confirm that the de-
velopment of resort tourism in Georgia will contribute significantly to the socio-economic
advancement of its regions.

Effective management of balneological resorts is a key prerequisite for the sustainable
growth of Georgia’s tourism sector.
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600gMm3g 3903060L8M3Z0L. B3xMBbIMMONL domMbgmemganymn 3goMEgdnL 8bg-
Ma3o MmammE 3gmmmbgody, obgzg dob oMo, bgmb y6ymdLb dmbobmgmodab §063M-
™M9mmOnb dgmdamgmonb 9i399dH0sb gondzmdgbgdsb.

0FoMy gadmmAgymns M3 a3gMmzs60 073690M030 BodbhmMadnm, 533LMsb 0L bo-
Jommzgmmb ghm-gmmo 3dnmabo Mggombas LodzxMmbogmm 339bsMygdaL, Mmnbgydab,
39mm000bL, dh3bamn s dnbgMmamyma Bymab Mabymbydom, MMIMd0E 3330900
MmagmmE dmznb3nmgmdn, sbgzg — dmnsbgmdni. gb MabyMbLydo sEanEMmoMmagn AMb-
bagmdnbomznb 3d3gmgbo eMmowab nym 36modomo o gedmnynbgomes bbzswabbgze
©30300909000L LO33xMbsMMC.

©mgdg, Az96m30L bgmdnbebzmd modagmobymodn, oM g3bzgds dmbsEgdg-
00 ogoMadn gozMmEgmadymn LodzyMmbommm 3;39boMygdaL, 3gmmnEydnb s Mnbgdab
33m930b dgbobgd dombgmmmganym 3Maghnzdsdn godmygbgdnb d0d60m.

3o06LV3xMMgo™ 0bMHMabL 063930 JmMdymMgmab Tybogndsmohgddo gozmEgmg-
oo ,,00M930600" Hn3ob Fobomabs o 33000390 39Mm0Edn. domn dnbgMmomymon
09000396mmoO0b dgLbo3zmM0m nM3393s, MMA nbobo dgn3o3L gbgbEnyM dozmMm o To-
3MmgmgdgbhgoL, hmgbngymo gegdgbhgoneb 30 ndboMmEgds HYy3ns 330enb babom
bmanm, bagmomE oM EEaNbs 39MEbabBYsmNL, 30301d0b o PoMNdbobab dgd-
339amody /1/.

33m930L 300360 BoMIMOEE)bd Fobomnby o 330M039L ,,00M7700600“ Hodnb 39-
m0Eg00b 33mg3oe 0omMbymmmanym 3Mogdhnzodn gadmynbgdnb 3ndb0o.

0adbnb 3gmEnm gobomab s 33000390 ,,00M9370600“ Ho30b 3g9enmoEgdab Bymo-
000 godmbabzmomadnl 0ogdHaMomaegqgdnb 859339MMmmMoOsdg 94b39MNTnbhymo 33emg-
300 99009300 ©aNbos, MMT Lozzmagzn 60dyxdgdn dg0303L dogbHgMomMa3eggdL, MMA-
9oLy goofibno Escherichia coli o Staphylococcus aureus-ob gna®abob ybsfMa.
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AohoMmadgmn 33w 3900L d9©93o0 godmzmnbs, MMT dJobomabs ©o 33nMo-
390 ,,00M930600L” Hn30b 39emMmMnEYOL, 6xmM30b0 s 1:10 gobvs3900L MM, goshbns

obhndoghamogamo gxadbho g30Mmahabo gMad-gomymxanmo dsgbhgMmngdnb Todsmm
(Escherichia coli s Proteus spp.), 3Ms8-sgdnmnn dsgdhamanb (Staphylococcus aureus)
VMBI 3o3mgbs snbndbgomEs dbmaenme B6ymmzs60 gobde3zgdnb dgdmbzgzedn. o-
M0s3mMmMmagnyMo 339390000 agbnmns, MMA bsz3zmg3 MONgdhadL (330M039L
Jabomab 3ganmngon), sanemmomnzn 3mgdggoabsb oM sbsbnsmgob dBmgso-Hmdbo-
39600, 3907™s307M0, 3©anMmOMN30 3adsmndnsbgdgman, doomgMmandydgmn, dnbsgsabn
MmM3abmgonb odod0obgdgmn o bobhgdyMmo ImJdggde.

©@Mg0boM30L gobamabs s 330M039L 39MMNEY0DY EFYTe39073mNs ddbgmem-
3096 3Maghnzodn godmynbgodnb nbbhHmyJEngdo.

3ob6bmMmEnymgo Mo 33tm93900L 993900L d90aMT0 gob3z0mMaMmds o 3Maghn-
390 MYamndsEns bgmb dgnbymob sgomab Mggnmbdn bodgoEnbm HyModINL gob3zn-
™M3M703D, 3odazobbomgdgmon s dambgmamgnyma 3gmmm@gdob dmBymodab.

Research on ,Barezhin” Type Peloids in Kobuleti
Municipality for Use in Balneological Practice

DALI BERASHVILI, LASHA BAKURIDZE, RAUL GOTSIRIDZE, LIZI CHKADUA,
IA TSURTSUMIA, ALIOSHA BAKURIDZE
Tbilisi State Medical University

a.bakuridze@tsmu.edu

KEYWORDS: peloids, antibacterial, bacteriophages, balneological practice

The use of natural healing factors for the treatment and prevention of various diseases
is one of the pressing tasks of modern medicine. The introduction of balneological treat-
ment methods both in resorts and beyond, contributes to the effective improvement of pub-
lic health.

Adjara is distinguished by its diverse natural factors and is one of Georgia’s richest re-
gions in medicinal plants, clays, peloids, fresh and mineral water resources, which are found
both along the coast and in the mountainous areas. These resources have been known to the
local population since ancient times and were used for the treatment of various diseases.

To date, no data on the study of medicinal plants, peloids, and clays found in Adjara for
use in balneological practice have been available in the literature accessible to us.

Particularly interesting are the ,Barezhin“ type peloids — Chakhati and Kvirike, which are
found in the Kobuleti Municipality. The study of their mineral composition reveals that they
contain essential micro and macro elements, and among toxic elements, only traces of lead
have been detected, while no presence of mercury, cadmium, or arsenic has been found /1/.
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The aim of the reaserch was to study the ,,Barezhin“ type peloids of Chakhati and Kvirike
for their use in balneological practice."

Experimental research on the presence of bacteriophages in the aqueous extracts of
‘Barezhin’-type peloids from Chakhaati and Kvirike, conducted using the Adams method,
revealed that the examined samples contain bacteriophages capable of lysing Escherichia
coli and Staphylococcus aureus.

The conducted studies revealed that ,,Barezhin“-type peloids from Chakhati and Kvirike
exhibit antibacterial effects, primarily against Gram-negative bacteria (Escherichia coli and
Proteus spp.), at both undiluted and 1:10 dilution levels. The effect on the growth of the
Gram-positive bacterium (Staphylococcus aureus) was observed only in the undiluted sam-
ples.Pharmacological studies have determined that the tested peloids (from Kvirike and
Chakhati) do not exhibit general toxic, cumulative, local irritant, allergenic, organ-damaging,
or systemic effects when applied locally.

Currently, guidelines for the use of Chakhati and Kvirike peloids in balneological practice
have been developed. Further advancement and practical implementation of these research
findings will contribute to the development of medical tourism in the Adjara region, as well
as the establishment of wellness and balneological resorts.
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dN6dhoCIAM 63CJoMNL BYBJoN0N 8MJddRIby
6oLOAMABMAMMEMBNoAN

630709 €NYLLANJI
®ohds300b 8og30bBhn, bohgmzab bognmbooghn gohdv3g38300 36039hboB9SEN

diasamidzenatia83@gmail.com

LY3306dM LOO®Y3IBN: DnbgMmomymo Bymgdo, gobdHMmgbdgMmenmgn,
omMmzmaon.

dnbgmomymMmo Byomo BoMIMoagblb d3yb6g0Mng MabymLL, MMIgmMoE aIdNm
393m9boL obgbLb MmgmMmE 399-606moz3n0b LoLAHHTOBY, 80939, LL3oOLLb3S -
300090900L 3MmMaomoghnldsbs o 33xMbocmmosdn. ngn 3903030 dnbgMmogmgdb o
003Mmgmqdgbhgob, MmMAmadLag bgmb y6ymoOL MMasb0ddob xkqx6dEznmbaMmygodsb.
9094L0ToMYM0 VY000 9BgJH0L Tobombyze 8603369MmmM30600 BYymab 3obo-
0393000, d9000396MMO0L, Hgd39MohymMnby s godmynbgdnb dgommemab bEMMo
3o6LodM3Mo.

399-606mo300L 00300909000 339M6sMmMO0LMZ0L, doMoMeEa, godmnygbnds -
000 o Lodyomm dnbgMmomndeiEnalb Bymgdn. dnbgMmogymn Bymab godoMmgds, Mm-
99mo@3 babdnmmMmzab6g0L obdomgdnm bgds, dgbodmms 693sh0 Mo d0babmL 33-
g-606mo30L HMmagdHdg o gobab 39d0b mmmBEM3560 gombL gamadnsbgdab Tndydo.

dnbgmomymo Byomo mMmagsabndaAL gbdoMmyds Bysm-domaogmm3zabo domabbab dgbo-
MAY690sdn, 099xm0gLYOL BogmngMmgdoms 33mMob o bgmb y6ymdL 0dbadgdob god-
™0gmg0sbL. 0gn godmnygbgds gabdmagdnl, Bymymmzs60 Eo830090900Ls S 3MEN-
Hob pMmmb.

Lad3xMboMMm ga399H0b dobombgza My3MInbgdymMns dnbgMmomyMmo Bymmab do-
0900 30 6000 My g0809w@7, 100-150 I, 2-3-59M m9dn. Byomo 6o nymb mmsbab
H9939M3hM0bL s 0930MxOMIE PO gomaznbyxmMEL godgdn. dnmgdnb babgmdmon-
3moy, Mmgmma 69L0, 3-4 33000 Y6 nymb.

dnbgMmogmymo Bymab ymzgmomoymn godmygbgdnbmznb m3dhndsmyma bmMmTo oM
360 30mg3ohHgomEab 500-750 dem-b mgdn. bmmM3Bsdg dgho MomEgbmonb domgds sMm-
03930 3069Magd0b 6oeMabLL MMZeb0BAdn. babgMmdmngn gadmygbgdobmaznb oyEnmyg-
0900 9908mob 3MbLymMEHsE..

dnbgmomyma Bymnb dnmgods 33360H3969000 399000 O BOBEMS30L oM gdYmN
©3039090500L EMML, s30hMA3, sbym d90mb3z93903d0, 0930EMYdgMNS §JndmMob 3MbLYM-
HoEno.
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oM@3IMINL 3N6IMITIMO 6IIXN

omMmzman gMmo-gMmom gobbogymmydym nbgmomym Bymo nz3mMyds. 030 EIST0-
60L Bgo30M0Eeb sdmMmnbL 8-10 33 LomMTNELD, 07690Mn30 gadabs s bobdoMdsNbL
oomgboab 66930L 39d39md0m. 93 Bymab ybnzsmyMmmods 08sd0 dagmadsmgmob, MmD,
bbgo dnbgMmomymn Bymgdnbgeb gobbbzezgdom, dmMmzmadn BJe30MBY MO bobom
0dm@0b, 98 MML 030, 3BdaVY, dMNgMEYOS 39330L0MbOL Fxyddn sMLYOdN Tnbg-
Moyon0.

0mMmzmadob Bymob dg000a396mmds AMEe3L 3nmmzamomboh-bodhmMaydL, oby3a,
bb3go LobaMggdmm Tnbymomgol, MmamMmadnEds: BahMmydn, 3ogbnydn, 3omEnydo, 3o-
0130, Jommoo s bymasho. dmmzmdn bygab 36ymob mmagebnddob doMogmmazobo
00mobLNL 3960MA7YBgOOL S godmnygbgds Lb3zoabbgs gobhMmagbhgMmmemmgnyMo ©o-
030090900L 939Mboemosdo.

©3Lb3369

dn0bgmomymn Bymgdn, dom dmMmab dmMmzman, 9399dHIM0 Ladyemgdss gobhHmmyg-
BbhgMmemgnyMmo 3Mmomgdgdnb 839Mbommdsdn. dom bLEMME godmygbgdsb dgndanns
bgma d9n6ymb mmaobnddob BmMBomyMm x3xbJznmMmbamgdob, MydEs, 993N go MmN
domo domyos 9g0danb My3magbaEnno.

The Positive Effects of Mineral Waters
in Gastroenterology

NATIA DIASAMIDZE
Master of Pharmacy, Kharkiv National University of Pharmacy

diasamidzenatia83@gmail.com

KEYWORDS: Mineral waters, gastroenterology, Borjomi

Mineral water is a natural resource that has a positive effect on the gastrointestinal sys-
tem, as well as on the prevention and treatment of various diseases. It contains minerals and
trace elements that help support the functioning of the body. To achieve maximum positive
effects, it is important to correctly determine the classification, composition, temperature,
and method of use of the water.

For the treatment of gastrointestinal diseases, low and medium mineralized waters are
primarily used. Carbonated mineral water, which is carbonated with carbon dioxide, can neg-
atively affect the gastrointestinal tract and become a cause of irritation to the gastric mucosa.

wodlews@yleay wny wayd
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Mineral water helps the body maintain its water-salt balance, improves metabolism, and
supports the strengthening of immunity. It is used in the treatment of gastritis, ulcer diseas-
es, and colitis.

For therapeutic effects, it is recommended to take mineral water 30 minutes before
meals, 100-150 ml, 2-3 times a day. The water should be at room temperature and must be
degassed. The duration of use should generally be 3-4 weeks.

For daily use of mineral water, the optimal norm should not exceed 500-750 ml per day.
Consuming more than the recommended amount disrupts the mineral balance in the body.
For long-term use, consultation with a doctor is necessary.

Mineral water is contraindicated in cases of complicated stomach and intestinal diseas-
es, and therefore, a doctor’s consultation is essential in such cases.

BORJOMI MINERAL WATER

Borjomi is considered one of the special mineral waters. It rises from a depth of 8-10
km below the earth’s surface through the pressure of natural gas and carbon dioxide. The
uniqueness of this water lies in the fact that, unlike other mineral waters, Borjomi comes to
the surface in a warm state, during which it is “enriched” with minerals from the Caucasus
Mountains along the way.

The composition of Borjomi water includes sodium bicarbonate, as well as other benefi-
cial minerals such as sodium, magnesium, calcium, potassium, chloride, and sulfate. Borjomi
helps maintain the body’s salt balance and is used in the treatment of various gastroenter-
ological diseases.

CONCLUSION

Mineral waters, including Borjomi, are an effective means of treating gastroenterological
problems. Proper use of these waters can contribute to the normal functioning of the body;
however, their use should be based on a doctor's recommendation.
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bohdddJICNL 3dbNetN3atNdANNL LMAJC
b@dANL 63CJa6aAN LNBNLONL ddbLVBM3AY

89639R3M RNIMBI60N, 33LM6Y LVAbIMIJI,
606(M 34bNdI, 603NBMMI 333339
J9000000 93930 Fghgmonb bobgomonb bobyedfozm 3bngzgghboBgSsn

madona.samRharadze@atsu.edu.ge

0LYI3306dM LOOY3IB0N: 3nEMMJndny, BYyemab sbsennBn, boomMmab Gymgoda

A3960 3339300 Md0ggdHns boMogeymab dnbogndomodgdhob bmagmm booMmab
6ymgon. ocb0dbymo 33930 dg9bnds 03 Bymgonb bobabhgLb, MMIgmoE godmnynbgods
203a0mmOMn30 dmbobmagmonb dngm MmgmmE LabIgmMoE O bLoymysEbmamgodome, obg-
39, bmxmab d73Mbgmdsdn - bombys3o.

ML 30ILO YIMOMYds 993930 Bymab MabyMLYdOL MoEgnmMbomyMm godmyqbg-
0oL O 1E39L. WgEEdnbab Jgmgdo ImdmMomonbLaL Bysmo gbgds dMsezem dnbgMomb,
bbbNL b s B0dMJ3930L A 3B M6 3HaMgxoL. dYbgdMnzn Bysmn bbbsMny, Mm-
dgmo@3 3903930 bb3zoobbgs 036900bs o AEamTomgmdnb bogzmngMmgdgodbL.

boMogoymo 3gdsMmgmMoL bz bogjoMmm3zgmmb, dnboMmy byMndgeab boabodn-
MmdY, 3030 — DM30L bydHMMIngymoa, bmdom, 03ob dDMBngMa® 3030 BaTMSMO O 7o~
M9000m ddMa0 s 3bgmo Bagzbymoa. Monmbao dmnze3b dgbbgmabs s abab Jgwgdab
606070L. M30mbab dmozomo nboMmas doMyms. M30Mb0L sds dMBsdn gogzmEzgmy-
030ns 659MA3omMa-30MOMBHYMN B0ogn, 93MIM39, BM3Igb(Hgds® Asdmysmndgdy-
0o (HYob ymdmomo o 6xdMa3oms 3oMOMBsBhymn bnosggonb 3madmagqbo.

A306 dngm 3nMm3zgmo 0g6s oaaboma bamogaymab dxbogndsmohghob bmagem
booMmab Bdmagngmmo ByoMmmbL LobobLEHg Bomomdgmdbmobdnsmy 3goMEIdNm. gobzLo-
dmamyo: Mg”, Ca*, HCO,, SO, %, CI~- 0mby00 s bagMom M306s. s6sM0dJO0 HoMPIOMEOS
03930 6gMmgmaab bobgmadboagm nbngzgMmbohgdHab dDPLH o LLOY650nLAgHY39MM T3~
609M90000 Ra3gmbghoL, Jodoob ©a3smHadgbhob nobmb dmbgdznmab babgmmdab
3000MmJodnob madmmshymmosdo.

303m0BLLM30L odmygbgdymn nym dnMmmgndoym 3Magdhngsdn s3MmonMydymn
9900m©900. 3393006Mmd0L dohA396909m0 godmTnmo nym 3m@gbgomadghmymn dgmm-
00 (3mhgbzomdgdhdo pH 673-M).

39303300 s 303603800 d933390Md, 33MYmM39, Bymab bogmamm bobabdg godm-
bo33mg3 Byangddn gobLsdM3MymMNs 3MA3mydbmbmaghMmyma dgomean (hohMsbho
0,01N 3md3anggbmba 1II). 83g601y30L ombBabL Jg83339MONL gsbLadM3MAbaM30L nbo-
330OMMd 30Yygbndnm gmomgmmadagh, My3madgbgdym sMmgb 398bnom d30039Mn
09339M00), bmanm 3aanznydob ombob gabbedmzMobamM30L NbnzshMmMa godmnygbg-
omEs 99MgdLoa. Byhg 3L 39860w0m 2N BshMmnydab hydhom).
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LogMmom M3060 Bymgddn gobLbodMzMmymas mbhMmaIghHMmymo dgonmenm 6nbobbomn
©033706330L 398093 hybhg oM9d0 (BMbHMBgHMmYo MYagsbho bymambsmoignmab d3039)
(@mdmgmaddPmzmmmmodhHma).

3000Mm35MOMBshgoL 3LBM3MI3NM 33NENIYHMYMn dgomeom (hobhMmsbin 0,1-
0,01 N HCl nbngsthymma 8gonmbamnbyn).

byt 0mbgo0 gobbadM3MY nym 3ansbozyMo gMa30dghMoymn gm0 (s-
baangd BMEMASL BaMIMoadbL BasO,).

JonmMmogoob gobbobsdmzMmo godmygbgdymon nym dgM3nMndghMymo dgmmEon
(hodmsbHn 0,01 HG(NO, ), ), 06@ngsHmmon (EoxBgbama 30MdSBMN).

00M0go, boMogogmanb dybogndsmadghob bmagen bosMmab dmgngmm Bymagddo
30M39mo 0g6s gobLodM3zMymon 3og3b03d0b, 3omEnydnb, 3nMMIaMOMb, bymasd,
JonmMmo 0mbgons bagmmm M3nbs 898(339MmMAs JodnyMmo s gmbhmIghHmymo dgmm-
©90001. 365e0d0L 3993900 dMEgdymns 3bMowan #1-4n.

BbMm. #1. bOMIBIIXNL 3I60BN3INOIONL LMBIX? bNLIMN BM30IMOIN
699MML LOLOLONL 336LODBXIMNL dILI3Id(

2
s
(qe)
© . € 5 o«
[ “60 < L
S 8 = & < Q o
c
> \E
G
2
o]
096M039mMad30mn 6,85 724 9,65 1,68 0,22 152 0,0049 1,26
. 6939MAbsmO 6,93 5,35 7,22 1048 0,18 0557  0,0045 0,76
. 00g3960bL 6,56 6,54 5,68 3,26 0,21 0,78 0,0058 1,56
. $mbmbL 6,72 4,27 6,84 6,08 0,24 0,36 0,0057 0,37
. ©33mady 71 7.38 5,66 1525 026 116 0,0079 0,89

360m0B0L 3900939000006 AO6L, MM boMogoymab 3x6ngndsmoadghob bmagm bo-
oMb dgLBogzmag Bysmmb Bymgddn 3303036mMd0L doA396909ma, Bymab Lobob,
0036079000, 3omEnydnb, 30MmMm3zaMOmMbod), bymasd, Jommmo nmbgonby o bogMmom
306000 d993390MmM0Os bMMINL BMFMgdTns o dnbn godmynbgds LabIgeo s bod]g-
3M69mM 0133bdMOLNM BnBs6Igbmbomns.

33930 00 3030MMYMYd00 gMdamgds. Jobmmgb dmdszsmadn ombndbym Bymgod-
do 9930L603mM0m 3dndg ghogonb d503390MOLL o 133w3)bm Labahomym T03-
Mmonmemmanym damdsmgmodsb.
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Determination of water hardness in the village
of Khidari, Kharagauli Municipality

MANUCHAR CHIKOVANI, MADONA SAMKHARADZE,
NINO KAKHIDZE, NIKIPORE PAPAVA
Kutaisi ARaki Tsereteli State University

madona.samkharadze@atsu.edu.ge

KEYWORDS: Hydrochemistry, Water analysis, Khidari waters

For the first time, the hardness of some water sources in the village of Khidari, Kharagauli
Municipality, was determined using highly sensitive methods. We analyzed Mg?*, Ca?*, HCO5,
S0,2-, Cl- ions, and total iron. The analyses were conducted at the Jason Moseshvili Hydro-
chemistry Laboratory of the Chemistry Department, Faculty of Exact and Natural Sciences,
Akaki Tsereteli State University.

Water is widely and diversely used. Today, great attention is paid to the rational use and
protection of water resources. As it moves through the Earth's crust, water comes into con-
tact with various minerals, dissolves them, and carries them along its entire circulation path.
Natural water is a solution that contains substances of different nature and states.

Kharagauli is located in western Georgia, on the banks of the Kherimela River. The cli-
mate is humid subtropical, with moderately cold winters and relatively dry and hot summers.
The region includes parts of the Meskheti and Likhi mountain ranges. The main river of the
region is the Dzirula. In the lower zone of the region, humus-carbonate soil is widespread,
and fragments of forest brown and humus-carbonate soil complexes are also present.

For the analysis, methods proven in hydrochemical practice were used. The acidity level was
measured using the potentiometric method (potentiometer pH 673-M).

The calcium and magnesium content, as well as the total hardness of the investigated
water, were determined using the complexometric method (titrant: 0.01N Complexon Ill. For
determining magnesium ion content, Eriochrome Black T was used as an indicator, with the
recommended pH created using an ammonium buffer. For determining calcium ion content,
Murexide was used as an indicator, and an alkaline medium was created using 2N sodium
hydroxide.)

Total iron in the water was determined using the photometric method after pre-oxidation
in an alkaline medium (photometric reagent: sulfosalicylic acid) (photoelectric colorimeter).

Hydrocarbonates were determined using the acidimetric method (titrant: 0,01 N HCl indi-
cator: methyl orange). Sulfate ions were determined using the classical gravimetric method
(the precipitate form is BaSO,).

To determine chlorides, the mercurimetric method was used (titrant: 0,01 Hg(NO, ), ),
Indicator: diphenylcarbazole).

wodlews@yleay wny wayd
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Thus, for the first time, the content of magnesium, calcium, hydrocarbonate, sulfate,
chloride ions, and total iron in some waters of the village of Khidari, Kharagauli Municipality,
was determined using chemical and photometric methods. The analysis results are present-
ed in Table N 1.

TABLE N1. THE RESULTS OF DETERMINING THE HARDNESS OF SOME WATER SOURCES
IN THE VILLAGE OF KHIDARI, KHARAGAULI MUNICIPALITY

& =

= k= o’ p -

° = O o (@]

I S = N

T [

Berikelasvhili 6,85 7,24 9,65 1,68 0,22 1.52 0,0049 1,26

. Nekerchkhali 6,93 5,35 722 1048 0,18 0,57 0,0045 0,76
. Blikvebis 6,56 6,54 5,68 3,26 0,21 0,78 0,0058 1,56
. Jondos 6,72 4,27 6,84 6,08 0,24 0,36 0,0057 0,37
. Davladze AN 7.38 5,66 15,25 0,26 1,16 0,0079 0,89

The results of the analysis show that the acidity level, water hardness, and the content
of magnesium, calcium, hydrocarbonate, sulfate, chloride ions, and total iron in the studied
spring waters of the village of Khidari, Kharagauli Municipality, are within the normal range,
and their use for drinking and agricultural purposes is recommended.Research in this di-
rection continues, and in the near future, we will study the content of heavy metals in these
waters and assess the sanitary microbiological condition.
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oMASMANu afNbdhoCJhN 63CJoMNL BaB3Y By
JdMCMandan b@ooNtInMoNL ddbdhAdbdod
60hJdobM BJaMJaddeJdoludub
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The protection of Borjomi mineral waters
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Borjomi mineral waters are one of the most important natural resources in Georgia,
and their protection and the preservation of ecological stability are crucial for both the
local population and the country's economy. However, the Borjomi springs are exposed
to various external impacts, including erosion, landslides, flooding, and other anthropo-
genic factors, which negatively affect water quality and ecosystems. This paper discusses
the issues of protecting Borjomi mineral waters, analyzes them, and examines the meth-
ods developed to preserve the ecological stability of this spring.

The protection of Borjomi mineral waters and the maintenance of ecological stability
is a contemporary challenge that requires a multifaceted approach and comprehensive
measures. Based on our research and developed methods, it is possible to create a
sustainable model that ensures the long-term protection of Borjomi waters and their
ecological stability.
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Mineral springs and thermal waters in the territory of Georgia have been considered a
significant source of natural resources for centuries, both for medicinal and industrial uses,
as well as for agriculture. The diverse geological and climatic conditions of Georgia’s interior
regions determine the distribution of mineral and thermal waters and the formation of their
unique properties. Eastern and Western Georgia differ in terms of both geological formations
and water sources. This paper presents an analysis of the distribution of mineral springs and
thermal waters and their indicators (location, water discharge, temperature, etc.) in Eastern
and Western Georgia.

The distribution and use of mineral springs and thermal waters in Eastern and Western
Georgia play an important role in the country’s economy and tourism development. Proper
utilization of these resources can not only improve public health but also increase the eco-
nomic potential of the region.

It is expected that the proper planning and management of the use of these resources
will gain greater popularity, which will give Georgia greater competitiveness in the interna-
tional resort market.
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ABSTRACT: A seasonal investigation was carried out on selected thermal
water sources in the Adjara region, specifically in Makhinjauri, Akhalsopeli,
and Leghva. The contemporary landscape mosaic surrounding each thermal
site was evaluated. Organoleptic and physicochemical parameters of

the water samples were measured under field conditions. In laboratory
conditions, the ionic composition, along with the concentrations of
macroelements and microelements, was analyzed. To assess water quality,
the abundance of saprophytic and coliform bacteria was quantified.
Furthermore, accompanying gases were examined to determine hydrocarbon
composition. The results of this comprehensive study were interpreted in
the context of seasonal variation, with the objective of identifying potential
avenues for the sustainable utilization of these thermal waters.
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1. INTRODUCTION

Relevance of the Problem: In the 21st century, amid accelerating global warming, irre-
versible atmospheric pollution, and the depletion of fossil fuel resources, the identification
and development of alternative, renewable, and cost-effective energy sources have become
increasingly critical. These efforts are essential for reducing environmental degradation,
conserving natural resources, and mitigating the global energy crisis. In addition to solar
and wind energy, thermal waters are recognized as a viable alternative energy source. They
are considered among the most affordable, environmentally sustainable, stable, and vir-
tually inexhaustible forms of energy. In Georgia, however, most thermal and mineral water
resources remain largely unexploited. The therapeutic properties of these waters were well
understood by earlier generations, who used them to treat various illnesses. At present, only
a limited number of deposits have been studied and are utilized for industrial purposes.
Out of approximately 250 identified deposits, only 44 geothermal wells have been officially
registered, with temperatures ranging from 30°C to 112°C.

The Adjara-Trialeti fold system is regionally distinguished by highly favorable geother-
mal conditions, which have resulted in the predominantly thermal nature of groundwater
discharge. These waters have historically been utilized for balneological and hygienic pur-
poses since ancient times. Consequently, numerous geothermal water deposits have been
identified in the region, and their thermal energy has been applied in balneotherapy as well
as across various sectors of the local economy. Western Georgia is notably rich in thermal
waters. In general, the deeper the aquifer, the higher the temperature of the discharged
water. However, certain sources are characterized by high mineralization, which complicates
extraction processes and adversely affects water quality. Georgian thermal waters are rec-
ognized for their considerable diversity, ranging from low to highly mineralized types, thus
enabling their application across a broad spectrum of consumer and industrial needs. Up
until the 1990s, systematic hydrogeological and geological investigations were conducted at
officially registered thermal water deposits. These studies were considered essential for the
sustainable and effective utilization of geothermal resources. However, following the onset
of significant political and socio-economic upheavals in the post-Soviet period, such activi-
ties were largely discontinued (Melikadze, G. (2006), Saakashvili et al., 2011).

Geothermal heat is estimated to be five to six times more cost-effective than heat pro-
duced through conventional methods, with a relatively short return on investment for appro-
priately allocated capital. As such, Georgia represents a low-cost and inexhaustible source of
deep geothermal energy. Most the country’s thermal waters are characterized by therapeutic
properties, elevated temperatures, and a diverse chemical composition. Geothermal water
reserves are unevenly distributed throughout the country, with approximately 63% located
in western Georgia, 24% in the eastern regions, and 13% in the south. These thermal waters
exhibit a broad spectrum of chemical compositions, ranging from fresh hydrocarbonate-cal-
cium types to highly mineralized chloride-sodium types. Nearly all categories of therapeutic
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waters, as defined by balneological classification systems, are present in Georgia. These
include thermoradioactive, neutral, carbon dioxide-rich, alkaline-saline, ferruginous, arse-
nic-containing, and hydrogen sulfide-rich waters. Although Georgia possesses significant
potential for the application of geothermal water resources in thermal energy production,
this potential remains largely underexploited (Ministry of Environmental Protection and Ag-
riculture of Georgia, 2022). In light of the aforementioned gaps, the present study aimed to
conduct a comprehensive analysis of selected thermal waters and their associated gases in
the Adjara region, with a focus on seasonal dynamics, to identify potential strategies for the
sustainable management and utilization of these natural resources.

The objects of this study were the thermal waters of Makhinjauri (Khelvachauri Munici-
pality), Akhalsopeli (Kobuleti Municipality), and Leghva (Kobuleti Municipality). A review of
the limited available literature revealed that no comprehensive investigations have been
conducted on these thermal water sources to date. Specifically, organoleptic, physicochem-
ical, and microbiological parameters have not been systematically assessed. Furthermore,
neither the ionic composition nor the multi-elemental profile of these waters has been an-
alyzed, and the composition of their accompanying gases, particularly with respect to hy-
drocarbon content, has not been determined. Consequently, due to the absence of such
integrated studies, the potential directions and prospects for the sustainable utilization of
these thermal waters remain insufficiently understood.

Research Objectives and Methods: A comprehensive review and analysis of relevant liter-
ature were conducted as a preliminary step in the study (Ministry of Labour, Health and Social
Affairs of Georgia. (2002); Gurgenidze, M. (2019); Maximum Permissible Discharge (MPD) Norms
of Pollutants Discharged with Wastewater into Surface Water Bodies (2020-2025); Conference
Proceedings: Regional Development Perspectives — Samtskhe-Javakheti, 2016); Kiknadze et
al., 2018). Three seasonal field expeditions (summer, autumn, and winter) were carried out,
during which the organoleptic and physicochemical parameters of the thermal waters were
assessed in situ (GOST 23268.1-91. Mineral Drinking Waters; GOST 31954-2012. Drinking Water
- Methods for Determining Hardness (1SO 6059:1984, NEQ; ISO 7980:1986, NEQ). The ionic com-
position of the water samples was determined (GOST 23268.9-78. Mineral Drinking Waters;
GOST 23268.8-78. Mineral Drinking Waters; GOST 18309-2014. Water — Methods for Determining
Phosphorus-Containing Substances (ISO 6878:2004, NEQ), and a multi-element analysis was
performed under laboratory conditions using inductively coupled plasma atomic emission
spectrometry (ICPE-9820) (Zhen Hao Lee & Qi An Tan; Kiknadze et al., 2018). Microbiologi-
cal analysis was conducted to assess the microbial purity of the thermal waters (ISO 9308.
Water Quality). Additionally, the accompanying gases were analyzed to determine their hy-
drocarbon content using gas-liquid chromatography (Qualitative and Quantitative Analysis
of Multi-Component Hydrocarbon Mixtures by Gas-Liquid Chromatography). All results were
evaluated with consideration of seasonal dynamics (Kiknadze et al., 2018).

Material-Technical Base and Human Resources: The research is being conducted within
the framework of a targeted scientific research project funded by Batumi Shota Rustaveli
State University (Grant Agreement No. 01-50/157, dated 26.03.2024; Scientific Direction: 1.10
- Interdisciplinary Research). Laboratory analyses are being performed at the Institute of
Agrarian and Membrane Technologies, affiliated with Batumi Shota Rustaveli State Univer-
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sity (BSU). The research team comprises academic staff from BSU, scientific personnel from
the Institute of Agrarian and Membrane Technologies, and students specializing in Ecology,
Agrarian Sciences, and Pharmacy who are actively involved in the implementation of the
grant project.

2. RESULTS

2.1. Diagnostic Assessment of Landscapes/Habitats Surrounding
the Water Locations

Study Site - Makhinjauri.
GPS Coordinates: X 725075.2039; Y 4616596.988.
Elevation: 28.294 m above sea level.

The study site is situated near the Sakalmakhe River and is classified as a transformed
ecosystem, located adjacent to a roadway. The area is characterized by an alley of walnut
(Juglans regia), while plantations of Cryptomeria japonica are present on the nearby slopes.
Isolated individuals of the invasive palm species Trachycarpusfortunei (Chinese windmill
palm) were recorded. Within the shrub layer, both native and invasive species have become
established, including Pueraria hirsuta, Lonicera japonica, Deutzia scabra, Periplocagraeca,
Clematis vitalba, Rubus caucasicus, Hedera colchica, Smilax excelsa, and scattered specimens
of Hydrangea macrophylla, among others.

The secondary phytocoenosis, which has been altered by anthropogenic influence, sup-
ports a wide range of adventive herbaceous species. These include Microstegium japonicum,
M. imberbe, Anthoxanthum odoratum, Paspalum dilatatum, Oplismenusundulatifolius, Hy-
drocotyle vulgaris, H. ramiflora, Festuca heterophylla, Polygonum perfoliatum, Achillea nobi-
lis, A. foetida, Cirsium vulgare, Convolvulus arvensis, Falcaria vulgaris, Ophiopogon japoni-
cus, Duchesnea indica, Agropyron repens, Crepisfoetida, Perilla nankinensis, and others. The
vegetation cover has been extensively transformed as a result of human activity. The area
is polluted with construction debris, and the living vegetation layer is predominantly sec-
ondary, consisting mainly of mesophytic invasive herbaceous species. The mosaic structure
of the vegetation is shaped by a combination of factors, including hilly topography, climatic
conditions, soil properties, anthropogenic impact, and other environmental variables.

Study Site - Akhalsopeli
GPS Coordinates: X 732420.5559; Y 4333694.242.
Elevation: 8.178 m above sea level.

The study site is situated along the Achkva River. The vegetation exhibits a diverse ty-
pological spectrum, with Alnus barbata (Caucasian alder) identified as the dominant tree
species. Among the mixed arboreal composition, Pterocaryapterocarpa (Caucasian wing-
nut), Populus canescens (grey poplar), and Salix spp. (willow) are commonly represented,
accompanied by scattered individuals of Juglans regia (walnut). A high invasive potential
of alien plant species has been documented, with abundant populations of Pueraria lo-
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bata (kudzu vine). Suckering of Acacia dealbata (silver wattle) has also been observed.
The shrub layer is primarily composed of relict species, including Rubus caucasicus (Cau-
casian blackberry), Hedera colchica (Colchic ivy), Convolvulus arvensis (field bindweed),
Humulus lupulus (common hop), and Sambucus nigra (black elder), among others. The
projective cover of the herbaceous layer is high and predominantly composed of adven-
tive mesophytic species, such as Ambrosia artemisiifolia, Digitariasanguinalis, Erigeron
canadensis, Paspalum digitaria, Perilla nankinensis, Plantago major, Polypogonimberbis,
Pteridium tauricum, Setaria glauca, Juncus effusus, Smilax excelsa, Lysimachia vulgaris,
Solidago canadensis, Sisyrinchium septentrionale, Hydrocotyle vulgaris, and others. The
natural vegetation cover has been significantly modified by anthropogenic disturbances.
The current living vegetation is predominantly secondary and consists largely of meso-
phytic herbaceous species. The mosaic structure of the plant community is shaped by the
interaction of topographic variability, climatic conditions, soil characteristics, anthropo-
genic impacts, and other environmental factors.

Study Site - Leghva
GPS Coordinates: X 7424338.613; Y 4638118.757

Elevation: 83.4 m above sea level

The study site is located on a flat plain intersected by the Skura River. A narrow strip of
riparian tree vegetation extends along the river valley, primarily composed of Alnus barba-
ta (Caucasian alder). Among the mixed arboreal species, Pterocaryapterocarpa (Caucasian
wingnut) is frequently encountered. The surrounding landscape includes a maize (Zea mays)
field and a Corylus avellana (hazelnut) plantation, with the site situated adjacent to a road-
way. The herbaceous layer within these agrocoenoses is characterized by a high frequen-
cy of adventive species and a heterogeneous floristic composition, comprising both native
and alien taxa. Documented species include Hydrocotyleramiflora, Poa annua, Lespedeza
striata, Trifolium diffusum, Pteridium tauricum, Paspalum thunbergii, P. paspalodes, Polygo-
num thunbergii, Cyperus esculentus, C. longus, C. badius, Solidago virgaurea, Ajuga reptans,
Ambrosia artemisiifolia, Asplenium scolopendrium, Miscanthus sinensis, Oxalis violacea, Pe-
rilla nankinensis, Setaria glauca, Cynodondactylon, and others. The area surrounding the
thermal water source has been transformed into agrocoenosis and remains under constant
anthropogenic influence. The site is fenced and safeguarded by livestock and other external
disturbances. It is positioned alongside the Skura River valley and adjacent to a road. The
vegetation cover is marked by a high invasion potential of alien plant species.

2.2. RESULTS OF FIELD MEASUREMENTS

Organoleptic parameters assessed under field conditions indicated that the thermal wa-
ters were generally colorless. An exception was recorded in June at the Leghva site, where
the water exhibited a yellowish hue, attributed to the presence of abundant clay particles on
the surface (Table 1). The thermal water at Makhinjauri was characterized by a pronounced
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odor indicative of hydrogen sulfide, whereas the water at Akhalsopeli emitted a distinct gas-
oline-like smell. Taste evaluations showed varying degrees of salinity: the water at Makhin-
jauri was slightly saline, that at Akhalsopeli moderately saline, and the water at Leghva high-
ly saline. In terms of transparency, the waters at Makhinjauri and Akhalsopeli were classified

as clear, while the water at Leghva was slightly turbid.
TABLE 1

Organoleptic Characteristics of Thermal Waters - First Expedition (June)

Parameter Location Description
Makhinjauri A colorless liquid
Color Akhalsopeli A colorless liquid
Leghva Yellowish liquid
Makhinjauri Characterized by a typical hydrogen sulfide odor
Odor Akhalsopeli A distinctive gasoline-like smell
Leghva Indicative of a complex mixture of dissolved substances in the
water
Makhinjauri Slight saline
Taste Akhalsopeli Moderate saline
Leghva High saline
Makhinjauri Clear, free of suspended particles
Appearance Akhalsopeli Clear, free of suspended particles
Leghva clay particles visible on the water surface
Makhinjauri Transparent
Appearance Akhalsopeli Transparent
Leghva Slight turbid
Second expedition (October)
Parameter Location Description
Color Makhinjauri A colorless liquid
Akhalsopeli A colorless liquid
Leghva A colorless liquid
Odor Makhinjauri Characterized by a typical hydrogen sulfide odor
Akhalsopeli A distinctive gasoline-like smell
Leghva Indicative of a complex mixture of dissolved substances in the
water
Taste Makhinjauri Slight saline
Akhalsopeli Moderate saline
Leghva High saline
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Appearance Makhinjauri Clear, free of suspended particles
Akhalsopeli Clear, free of suspended particles
Leghva clay particles visible on the water surface
Appearance Makhinjauri Transparent
Akhalsopeli Transparent
Leghva Slight turbid
Third expedition (December)
Parameter Location Description
Color Makhinjauri A colorless liquid
Akhalsopeli A colorless liquid
Leghva A colorless liquid
Odor Makhinjauri Characterized by a typical hydrogen sulfide odor
Akhalsopeli A distinctive gasoline-like smell
Leghva Indicative of a complex mixture of dissolved substances in the
water
Taste Makhinjauri Slight saline
Akhalsopeli Moderate saline
Leghva High saline
Appearance Makhinjauri Clear, free of suspended particles
Akhalsopeli Clear, free of suspended particles
Leghva clay particles visible on the water surface
Appearance Makhinjauri Transparent
Akhalsopeli Transparent
Leghva Slight turbid

The thermal waters of Makhinjauri (34.9-37.62°C) and Akhalsopeli (35.0-37.62 °C) are

classified as warm, where as the water at Leghva is categorized as cool, with temperature
sranging from 13.5 to 18.34 °C. Atmospheric pressure at the Makhinjauri site was measured
at 1014.2 mbar in summer, 1018.9 mbar in autumn, and 1013.8 mbar in winter (Table 2). At the
Akhalsopeli site, values were recorded at 1016.0 mbar in summer, 1023.5 mbar in autumn, and
1018.8 mbar in winter. Atmospheric pressure at the Leghva site was measured at 1012.4 mbar
in summer, 1017.8 mbar in autumn, and 1011.9 mbar in winter. The pH levels of the Makhin-
jauri (9.5-8.86) and Akhalsopeli (8.0-8.56) waters indicate moderate alkalinity, where as the
Leghva water is classified as weakly alkaline (7.80-8.17). The highest electrical conductivity
was recorded in the Leghva water (11,450-11,530 pS/cm), while the lowest values were ob-
served at Makhinjauri (495-561 uS/cm). Correspondingly, salinity was found to be highest at
the Leghva site (5,725-5,765 mg/L) and lowest at the Makhinjauri site (247-281 mg/L).
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TABLE 2

Assessment of Physicochemical Parameters of Thermal Waters Under
Field Conditions

First Expedition (June)
Physical and Chemical Parameters
Location | Temperature, | pymospheric Electrical Salinity,
Pressure, mbar PH Conductivity,
°C ’ ps/sm mg/I
Makhinjauri 37.62 1014.2 9.5 495 247
Akhalsopeli 37.63 1016.0 8.56 10650 5325
Leghva 18.34 1012.4 817 11498 5749
Second expedition (October)
Physical and Chemical Parameters
Location | Temperature, | Atmospher- Electrical Con- Salinity,
ic Pressure, pH ductivity, uS/
°C mbar Sm mg/l
Makhinjauri 37.20 1018.9 9.0 518 259
Akhalsopeli 37.20 1023.5 8.50 9060 4530
Leghva 15.63 1017.8 7.86 11450 5725
Third expedition (December)
Physical and Chemical Parameters
. Tempera- . ..
Location ture Atmospheric Electrical Con- Salinity,
’ Pressure, pH ductivity, uS/Sm
oc mbar Y, H mg/l
Makhinjauri 34.9 1013.8 8.86 561 281
Akhalsopeli 35.0 1018.8 8.0 10700 5350
Leghva 13.5 1011.9 7.80 11530 5765

3. LABORATORY STUDIES
3.1. IONIC COMPOSITION OF THERMAL WATERS

The waters of Makhinjauri (pH 9.5-8.86) and Akhalsopeli (pH 8.0-8.56) are classified as
moderately alkaline, while the water at Leghva is considered weakly alkaline (pH 7.80-8.17).
A direct correlation between pH and alkalinity was observed; as pH increased, alkalinity
also increased, as indicated by elevated concentrations of bicarbonate ions (HCO3') across
all study sites (Table 3). Chloride and sodium ions were found to play a leading role in the
salinization process. In the thermal waters of Akhalsopeli and Leghva, chloride was iden-
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tified as the dominant anion, with its concentration decreasing during the winter season.
The total hardness of the Leghva thermal water exceeded established permissible limits
by a factor of 3 to 4. In contrast, the hardness of the Akhalsopeli water remained within ac-
ceptable limits, while the Makhinjauri water was characterized as soft. The concentrations
of nitrates, nitrites, ammonium ions, phosphates, and sulfates confirmed that the thermal
waters were not chemically contaminated. A general decline in the concentrations of these
ions was observed with decreasing temperature. Although the concentration of silicon in
the thermal waters exceeded the maximum permissible concentration (MPC), the waters
were not classified as siliceous, as the balneological threshold for this biologically active
element is a minimum of 50 mg/L. Iron concentrations were found to be negligible; there-
fore, the waters were not classified as ferruginous. In the thermal water at Akhalsopeli,
the fluoride concentration exceeded the permissible limits during all three seasons. The
Makhinjauri thermal water is characterized by a sulfide composition rich in hydrogen sul-
fide. The Akhalsopeli thermal water is presumed to be of the chloride-sodium ionic type
and exhibited elevated levels of both fluoride and boron. Based on temperature measure-
ments (34.9-37.62 °C), the thermal water at Makhinjauri is not classified as mineral water.
In contrast, the Akhalsopeli water is categorized as mineral-thermal (35.0-37.63 °C), with a
mineralization level exceeding 1 g/L. The Leghva water is classified as highly mineralized,
with mineral content ranging from 7.400 to 7.540 g/L.

TABLE 3
lonic Composition of Thermal Waters
First Expedition (June)
Parameter, Unit of Locaion Permissible
Measurement Makhinjauri Akhalsopeli | Leghva limit
pH 9.5 8.56 817 6.5-8.5
HCO,, mg/I 73.2 54.9 30.5 400
Hardness,mg.eq./l 0.3 6.8 30.0 7-10
Ca*, mg/| 4.0 132.3 420.8 140
Mg, mg/l 1.22 2.4 109.5 85
cl, mg/l 63.65 1570.5 1638.4 250
NH,, mg/l 0.028 0.098 1.283 2.0
NO,, mg/! 0135 0133 0.189 0.2
NO_, mg/l 4.31 21 2.25 50
PO, mg/! 0.078 0.045 0.0066 3.5
F, mg/l 0.639 2.967 - 0.7
H,S, mg/l 6.8 - - 0.03
‘}zi;‘:sr";'l:.'z‘z t',.';%' 280 1224 7540 1000
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Second expedition (October)

Parameter, Unit of Locaion Permissible
Measurement Makhinjauri Akhalsopeli | Leghva limit
pH 9.0 8.50 7.86 6.5-8.5
HCO,, mg/l 64.6 51.7 26.8 400
Hardness, mg.eq./| 0.3 5.2 25.875 7-10
Ca*, mg/l 4.6 113.0 380.5 140
Mg, mg/l 0.3 1.66 93.74 85
clt, mg/l 56.7 1530.6 1560.8 250
NH,', mg/I 0.016 0.091 1.344 2.0
NO,, mg/! 0.134 0.110 0.170 0.2
NO_, mg/l 1.78 0.85 1.04 50
PO, mg/| 0.069 0.034 0.049 3.5
F, mg/l 0.40 2.62 0.04 0.7
H,S, mg/! 5.98 - - 0.03
Dry residue, mg/l 268 1165 7486 1000
Third expedition (December)
Parameter, Unit of Locaion Permissible
Measurement Makhinjauri Akhalsopeli | Leghva limit
pH 8.86 8.0 7.80 6.5-8.5
HCO,, mg/l 61.0 48.8 25.7 400
Hardness, mg.eq./| 0.275 5.0 23.0 7-10
Ca*, mg/| 3.27 94.49 372.0 140.0
Mg, mg/l 0.1 0.5 87.6 85.0
Cl, mg/l 40.0 1475.0 1500.0 250
NH,’, mg/l - - 0.093 2.0
NO,, mg/! 0.027 0.022 0.034 0.2
NO_, mg/l - - - 50
PO,*, mg/l 0.039 0.027 0.045 3.5
F, mg/l 0.414 1147 0.5472 0.7
H,S, mg/! 5112 - - 0.03
Dry residue, mg/l 254 1100 7400 1000
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3.2. MULTI-ELEMENT ANALYSIS OF THERMAL WATERS BY PLASMA
ATOMIC EMISSION SPECTROMETRY

A multi-element analysis of thermal waters, conducted using plasma atomic emission
spectrometry, indicated that among the macroelements, aluminum concentrations were el-
evated at all three study sites. Additionally, silicon concentrations were found to increase
during the winter season (Table 4). In the thermal waters of Akhalsopeli and Leghva, the con-
centrations of potassium, and especially sodium, exceeded established permissible limits.
These elevated ion levels were found to contribute significantly to the degree of salinization
at both locations. At the Akhalsopeli site, sodium concentrations exceeded the maximum
permissible concentration (MPC) of 200 mg/L by a factor of 16 to 30, while at the Leghva site,
exceedances ranged from 12 to 20 times above standard. Magnesium concentrations in the
thermal waters at Leghva also surpassed the permissible threshold during all three seasons,
with exceeding factors ranging approximately from 1.03 to 1.29.

TABLE 4

Multi-Element Analysis of Thermal Waters by Plasma Atomic Emission Spectrometry

Macroelements (mg/L). First Expedition (June)

Locaion Al Fe K Ca Mg Na P Si
Makhinjauri 1.42 -0.0103 121 4.0 1.22 194 0.0775 18.2
Akhalsopeli 18.6 -0.0104 98.4 132.3 2.4 5976 0.0484 7.52

Leghva 24.9 0.162 93 420.8 109.5 | 3998 0.0861 12.38

MPC 0.5 0.3 20.0 140 85 200 3.5 10

Second expedition (October)

Locaion Al Fe K Ca Mg Na P Si
Makhinjauri 1.7 -0.086 4,99 4.6 0.3 871 0.0314 21.8
Akhalsopeli 23.3 -0.083 335 13 1.66 3180 0.0341 9.97

Leghva 33.4 0.062 29.9 380.5 93.74 | 2580 0.0093 15.7

MPC 0.5 0.3 20.0 140 85 200 3.5 10
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Third expedition (December)

Locaion Al Fe K Ca Mg Na P Si
Makhinjauri 1.66 -0.082 1.798 3.27 0.1 85.5 0.0201 | 22.5
Akhalsopeli 22.7 -0.080 329 94.49 0.5 4060 | 0.0153 | 10.53

Leghva 32.8 0.0097 291 372.0 87.6 2490 | 0.0077 | 16.0

MPC 0.5 0.3 20.0 140 85 200 3.5 10

The concentrations of the following microelements were not detected in the thermal
waters during any of the three seasons: Co, Cr, Cu, Mo, Ni, Zn, Sb, Se, Ti, Tl, V, Be, Hg, Pb, As,
and Cd (Table 5). Boron was consistently detected at both the Akhalsopeli and Leghva sites
throughout all sampling periods. Particularly at Akhalsopeli, the concentration of boron ex-
ceeded the maximum permissible concentration (MPC) by a factor of 30 to 35, indicating a
potentially significant environmental and health concern. Elevated concentrations of lithium
and manganese were also recorded in the Leghva thermal waters across all three seasons.
The concentration of barium, a known toxic element, remained below the maximum permis-
sible concentration in all thermal water samples.

TABLE 5

Multi-Element Analysis of Thermal Waters by Plasma Atomic Emission Spectrometry

Microelements (mg/L). First Expedition (June)

Locaion B Mn Ba Li Sb
Makhinjauri 017 - - - -
Akhalsopeli 14.8 H 0.0058 | 0.0093 - -

Leghva 2.75 0.236 0.0003 | 041538 | <0.00170

MPC 0.5 0.05-01 01 <0.03 0.005
Second expedition (October)

Locaion B Mn Li Sb Ba
Makhinjauri 014 -0.0002 -0.0369 -0.0237 | -0.0001
Akhalsopeli 174 H 0.0062 -0.430 -0.0064 | 0.0071

Leghva 319 0.0615 0.214 <0.0031 | 0.0006

MPC 0.5 0.05-0.1 <0.03 0.005 0.1
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Third expedition (December)

Locaion B Mn Li Sb Ba
Makhinjauri 0.099 0.0004 -0.0M -0.0149 -0.0901
Akhalsopeli 16.5H 0.0042 -0.400 -0.0118 0.007

Leghva 312 0.165 0.24 <0.0029 0.0006

MPC 0.5 0.05-0.1 <0.03 0.005 01

3.3. ASSESSMENT OF THERMAL WATER PURITY

Thermal water samples were evaluated for fecal contamination, revealing that during
the summer season, the number of saprophytic microorganisms per milliliter was as fol-
lows: Makhinjauri, 8 CFU/mL; Akhalsopeli, 18 CFU/mL; and Leghva, 12 CFU/mL (with the
permissible limit set at <100 CFU/mL). In the autumn season, a marked decrease in sap-
rophytic microorganism counts was recorded at the Akhalsopeli and Leghva sites, while
no saprophytes were detected in the Makhinjauri samples (Table 6). During the winter
season, all three sites were found to be free of saprophytic microorganisms. The abun-
dance of saprophytic anaerobic microorganisms is closely correlated with the presence of
readily biodegradable organic compounds in oligotrophic environments such as freshwa-
ter systems. Variations in their abundance serve as sensitive indicators of eutrophication
processes, commonly manifested as algal blooms, driven by anaerobic microbial activity
and accompanied by the deterioration of organoleptic properties such as odor and taste.
Across all sampling sites and seasons, the concentration of lactose-positive coliform bac-
teria, a key indicator of fecal contamination, remained below 300 CFU/L, staying within
acceptable hygienic and sanitary standards.

TABLE 6
Microbiological Analysis of Thermal Waters
First Expedition (June)
Permissible
Parameter, Unit of Measurement Location
limit
MakRhinjauri | ARhalsopeli | Leghva

Total Number of Saprophytic 8 1 18 nomore
Microorganisms (*CFU/mL) 100/1ml
Count of Lactose-Positive Coli- nomore
form Bacteria (CFU/L) < 300 < 300 < 300 300/1L
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Second expedition (October)

Permissible
. Location
Parameter, Unit of Measurement limit
Makhinjauri | Akhalsopeli | Leghva
Total Number of Saprophytic Mi- ) 5 6 nomore
croorganisms (*CFU/mL) 100/1ml
Count of Lactose-Positive Coli- nomore
form Bacteria (CFU/L) < 300 < 300 <3001 300/10
Third expedition (December)
Parameter, Unit of Measure- . Permissible
ment Location o
limit
Makhinjauri | ARhalsopeli | Leghva
Total Number of Saprophytic ) ) ) nomore
Microorganisms (*CFU/mL) 100/1ml
Count of Lactose-Positive Co- nomore
liform Bacteria (CFU/L) <300 <300 <300 300/1L

3.4. ANALYSIS OF HYDROCARBON CONTENT IN GASES ACCOMPANYING
THERMAL WATERS

Methane was identified as the dominant hydrocarbon component in the accompanying
gases, based on retention time determined through gas analysis. At all three study sites, the
hydrocarbon composition of the associated gases consisted exclusively of methane, with a
methane yield of 100% (Figures 1, 2, and 3). During the summer season, methane concen-
trations, estimated from peak area measurements, increased across sites in the following
ascending order: Makhinjauri<Leghva<Akhalsopeli. In the autumn and winter seasons, a de-
cline in methane content was observed in the gases accompanying thermal waters. It is
noteworthy that, due to the already low methane concentration in the Makhinjauri thermal
water during the summer, methane could not be detected at this site during the autumn and

winter sampling periods.
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Figure 1.

Hydrocarbon Composition of Gases Accompanying Thermal Waters, June
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Figure2.

Hydrocarbon Composition of Gases Accompanying Thermal Waters, October
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Figure3.

Hydrocarbon Composition of Gases Accompanying Thermal Waters, December
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ABSTRACT: Borjomi mineral waters are one of the most important natural
resources in Georgia, and their protection and the preservation of ecological
stability are crucial for both the local population and the country's economy.
However, the Borjomi springs are exposed to various external impacts,
including erosion, landslides, flooding, and other anthropogenic factors,
which negatively affect water quality and ecosystems. This paper discusses
the issues of protecting Borjomi mineral waters, analyzes them, and examines
the methods developed to preserve the ecological stability of this spring.
The protection of Borjomi mineral waters and the maintenance of ecological
stability is a contemporary challenge that requires a multifaceted approach
and comprehensive measures. Based on our research and developed
methods, it is possible to create a sustainable model that ensures the long-
term protection of Borjomi waters and their ecological stability.

KEYWORDS: BORJOM| MINERAL WATERS, ECOLOGICAL STABILITY, NATURAL
RESOURCES, ENVIRONMENTAL PROTECTION.

INTRODUCTION

Mineral waters are in special geographical conditions, where the development of the
landscape infrastructure is often related to environmental protection issues. Solving these
issues will contribute to the resolution of several socio-economic-demographic and other
problems. As a result of the above, mineral springs are often located in the zones of the
hydrological network of water catchment basins, which exposes them to negative impacts,
such as floods, water erosion, mudflows, snow avalanches, and landslides, requiring protec-
tion against these phenomena. The normative functioning of these springs is directly related
to environmental protection measures and the resolution of several tasks.
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MAIN PART

The mineral water of Borjomi is located in the Borjomi district. Borjomi mineral water
- a magical elixir flowing from the depths of the earth, is globally renowned for its healing
properties. Originating from the Caucasus at a depth of 8,000 meters, it contains up to 60
minerals, explaining its unique attributes. Borjomi is a multifaceted balneological resort and
ranks first among mountain resorts.

The resort of Borjomi is home to hotels and various recreational houses. There is a moun-
tain-skiing sports base, as well as the best balneological resorts: Tskhvareri, Likani, Tsemi,
Akhaldaba, Bakuriani, and the Gudaretis resort group. Other notable recreational places in-
clude Tsikhisjvari, the town of Tha, and others. Additionally, there are significant settlements
such as the village of Dviri, Borjomi Gorge, Atskhuri, and others (Galdava, M. 2014).

The primary sectors of the economy are resort management, industry, agriculture, and
transportation. The northern part of Borjomi is crossed by the Transcaucasian Railway, with
a branch line from Khashuri to Borjomi and Akhaldaba.

The hydrological network of the study area is represented by rivers: the Mtkvari, Tskher-
imela, Dzama, and mountain streams. The Mtkvari River crosses the central part of the dis-
trict. The city of Borjomi is equipped with water supply, sewage systems, and flood-preven-
tion structures. The coastal zone is lined with protective walls, which are often subject to
natural disasters.

The mineral water of Borjomi is located in the transit area of the Borjomula River. The
Borjomula River originates in the northeastern part of Tsikhisjvari village at an altitude of
1600 meters above sea level and is a tributary of the Mtkvari River. The river is 19 kilo-
meters long (Bibilashvili, A. 2016; Lomidze, N., & Zhorzholiani, A. 2018; Kvirikashvili, N. 2015;
Pirtskhalava, G. 2017; Gvishiani, T., & Tkeshelashvili, N. 2019; Kharadze, N. 2020).

As a result of the research, a study was conducted on the natural disasters related to
Borjomi’s water, the evaluation of erosion processes in the water catchment area, the de-
termination of the diameter of the stones transported by the Borjomula River, and the cal-
culation of the dam characteristics formed by landslide events. Based on environmental
protection engineering decisions, engineering measures for the protection of the Borjomi
mineral springs were developed (Giorgi Natroshvili, Master's thesis).

Despite the existing numerous engineering structures for preventing mudflows, any im-
provement and creation of new reliable constructions are considered significant achieve-
ments. To regulate mudflows, compared to the existing regulatory structures, a system of
continuous longitudinal structures has been developed. The advantages of this system over
the current one include gradual transformation in the height of the structures, elasticity,
high reliability, constructive solutions, and the maintenance of ecological stability in the
lower part of the minaret.

One of the effective measures against mudflows is the use of a trampoline-type struc-
ture.

A conical-type structure and its description represent a partially permeable construction
in the shape of a semi-cone, where the blunt tip of the structure is connected to the main
supporting arch through longitudinal supports and forms a trampoline.
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The tip and the base of the arch are made of the hardest material, reinforced concrete,
while the supports can be made from discarded rails.

Between the blind part of the structure and its end, longitudinal supports connecting
the arch are placed on the side surface, creating triangular or trapezoidal shaped through
grooves, allowing for the classification of the grain size of the debris carried by the mudflow.
The semi-conical shape and construction of the structure make it particularly suitable for
catastrophic mudflows. This structure is highly reliable and can be used multiple times.

According to preliminary data, the construction and installation work of this new struc-
ture is 3-4 times more efficient compared to the existing ones.

CONCLUSION

The protection of Borjomi's mineral waters and the maintenance of ecological stability
is a modern challenge that requires a multifaceted approach and comprehensive measures.
Based on our research and developed methods, it is possible to create a sustainable model
that ensures the long-term protection and ecological stability of Borjomi's waters.
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0900m900b bLoxyydzgmdy, dgbodmydgmoas d9043bsob daMon Mmoo, MMAgmoy
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Abstract: Mineral springs and thermal waters in the territory of Georgia have
been considered a significant source of natural resources for centuries, both
for medicinal and industrial uses, as well as for agriculture. The diverse
geological and climatic conditions of Georgia’s interior regions determine
the distribution of mineral and thermal waters and the formation of their
unique properties. Eastern and Western Georgia differ in terms of both
geological formations and water sources. This paper presents an analysis of
the distribution of mineral springs and thermal waters and their indicators
(location, water discharge, temperature, etc.) in Eastern and Western Georgia.
The distribution and use of mineral springs and thermal waters in Eastern
and Western Georgia play an important role in the country’s economy and
tourism development. Proper utilization of these resources can not only
improve public health but also increase the economic potential of the region.
It is expected that the proper planning and management of the use of

these resources will gain greater popularity, which will give Georgia greater
competitiveness in the international resort market.

KEYWORDS: MINERAL WATERS, THERMAL WATERS, INDICATORS.
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INTRODUCTION

Eastern Georgia is a region abundant in natural resources, particularly thermal and min-
eral water sources, which have been utilized for centuries due to their therapeutic and in-
dustrial value. These natural springs play a significant role in the region’s economy, tourism,
and health sector. Thermal water sources, with their diverse temperature range and high
flow rates, offer opportunities for energy production and balneotherapy, attracting both lo-
cal and international visitors. Alongside these, the numerous mineral water sources have
established Georgia as a prominent player in the global mineral water market, contributing
to both domestic consumption and export.

Despite the wealth of water resources in Eastern Georgia, the region faces critical chal-
lenges related to the uneven distribution of water. With water reserves that should, in theory,
be sufficient for local needs, the region still grapples with issues of water scarcity, particu-
larly due to climatic conditions and the disproportionate water consumption by agriculture
and industrial activities. The agricultural sector, heavily reliant on irrigation, is the largest
consumer of water, posing a substantial challenge to the sustainable management of water
resources in the face of increasing demand and climate change impacts.

This introduction aims to explore the significance of the thermal and mineral water
sources in Eastern Georgia, the challenges posed by water distribution, and the implications
for water management in a region that faces growing demands and environmental con-
straints. Understanding these issues is crucial for developing strategies that ensure sustain-
able water use and secure the region’s future water supply.

MAIN PART

The territory of Eastern Georgia is rich in natural resources, particularly thermal and
mineral water sources. The thermal water sources, with a total flow rate of 1250 liters per
second (L/s) and temperatures ranging from 20-65°C, are of significant interest both for their
therapeutic properties and for various industrial applications. These geothermal sources
are especially valuable for their potential to be used in balneotherapy (thermal baths) and
energy generation. The therapeutic properties of these waters are widely acknowledged in
the region, and they are often utilized in spas and resorts that attract both local and inter-
national tourists. Additionally, these thermal springs have the potential to be harnessed for
heating purposes in the colder months, offering a sustainable and renewable energy source
for local communities.

In addition to thermal waters, Georgia is home to up to 1,000 mineral water sources. The
significance of these mineral waters is primarily linked to their therapeutic benefits, which
have been recognized for centuries. These waters are believed to have healing properties for
various ailments, ranging from digestive disorders to skin conditions. The industrial use of
mineral waters is also widespread, particularly in bottling for commercial distribution. These
waters are an important part of the local economy, both for their domestic consumption and
export potential, contributing significantly to the country’s tourism industry. The bottling
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and sale of mineral water have become a major economic sector, providing jobs and sup-
porting the local economy.

Despite the abundant water resources in Eastern Georgia, the distribution of these re-
sources is not uniform, and this presents significant challenges for water management. The
total water reserves in Eastern Georgia are estimated to be 28.827 cubic kilometers (km3), a
considerable amount that, in theory, should be sufficient to meet the region’s needs. How-
ever, the uneven distribution of these resources remains a critical issue. The amount of sur-
face runoff in Eastern Georgia is four times lower than in the Western part of the country,
where rainfall and water availability are more abundant. This disparity creates significant
challenges for the management and allocation of water resources across the country, espe-
cially when considering the increasing demand in the east (Jordanishvili, 1., & Jordanishvili,
K. (2009); Jordanishvili, I., & Jordanishvili, K. (2008).

Eastern Georgia has a higher concentration of water-consuming facilities, such as indus-
trial plants, agricultural irrigation systems, and urban areas. These facilities collectively use
2.0 times more water than those in the Western part of the country. The largest consumer of
water in the region is irrigation, accounting for 60% of water usage. The agricultural sector is
heavily reliant on irrigation due to the relatively dry climate in Eastern Georgia, where rain-
fall is not sufficient to support large-scale crop production. This over-reliance on irrigation
puts additional pressure on already limited water resources, especially in times of drought
or when surface runoff is at its lowest.

The agricultural sector’s high-water demand poses significant challenges for the sus-
tainable management of water resources. As climate change continues to impact global
weather patterns, Eastern Georgia may face even drier conditions in the future, exacerbating
the problem of water scarcity. With irrigation systems consuming such a large proportion
of the available water, there is an urgent need for more efficient water use strategies, such
as improved irrigation techniques and the development of water-saving technologies. Ad-
ditionally, the region will need to explore alternative sources of water, such as wastewater
treatment and reuse, to meet the growing demand for water without depleting natural re-
serves (Mikadze, L., & Tsetskhladze, S. (2014); Kakabadze, Z. (2017).

Furthermore, the unequal distribution of water resources has led to disparities in access
to water between the Eastern and Western parts of Georgia. While the Western region bene-
fits from higher levels of rainfall and more abundant water resources, the Eastern region of-
ten faces challenges related to water scarcity, particularly during the dry season. This imbal-
ance has implications for both agriculture and urban development, as water stress in Eastern
Georgia limits economic growth and exacerbates regional inequalities (Tables 1,2,3,4).

Table 1. Thermal Water Indicators of Western Georgia

# | Name of the Thermal Water Location Debits (L/s) t

2 3 4 5
! Tkvarcheli and Khojali Svaneti 57,0 29-35
2 Gagra, Bichvinta, Bzyb Bzyb 10,5 34-95
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3 Sukhumi Kodori 11,1 24-100
Zugdidi, Tsaishi, Menji, Naka- _
4 lakevi Samegrelo 231,4 25-91
5 | Qughvis, Poti, Chaladidi, Khorgi Colchis 30,1 46-95
6 Tskaltubo, Mekvena Tskaltubo 270.9 29-39
7 Simoneti, Zestafc_ml, Sviri, Aja- Argveti 17 b6
meti
Makhindzhauri, Tomasheti, PR ;
8 Sheubani, Zekari, Chokiani Adjara-Triatlti 16,0 22-25
Table 2. Hydrological Indicators of Mineral Waters in Western Georgia
# | Name of the Mineral Waters Location Water Debit (L/day)
1 | Avadhkhari Abkhazia 8,0 L/min
2 | Utsera The Rioni River Valley 0,005 L/min
3 | Tkvarcheli The Ghalidzga River Valley 3,5-6,7 L/min
Valleys of Khobis-Tskal River .
4 | Lugela and Skure and Chanis-Tskal River 1,25 L/min
5 | Sukhumi Beslet river valley 11,8 L/min
6 | Menji Senaki 0,3 L/min
7 | Tskaltubo The Tskaltubo River Valley 250,0 L/min
8 |Sairme Tsablis-Tsqali River Valley 1,05 L/min
9 | Nabeglavi The Gubazouli River Valley 1,0 L/min
10 | Makhindzhauri Near the city of Batumi 4,5L/min
Table 3. Thermal Water Indicators of Eastern Georgia
# Name of the Thermal Water Location Debits (L/s) t
] 2 3 4 5
Torgva's Baths Mtiuleti 65,0 27-37
Kavtiskhevi, Kheiti, Gori Jvari, . :
2 Martkopi, Ujarma Kartli 15,1 24-53
3 Kila-Kupri lori-Shiraqi 681,0 65
Tskaltbila, Atskuri, Akhaltsikhe, . )
4 Abastumani, Aspindza Akhaltsikhe 60,0 22-48
Dvir, Likani, Sadgeri, Akhaldaba,
Tashiskari, Baniskhevi, Kvishkheti, . . )
> Rveli, Kvibisi, Zanavi, Vashlovani, Trialeti 134,0 26-41
Papa, Mitarbi, Nunisi, Nikabeti
6 Thilisi Thilisi 260,0 27-52
7 Artvin-Armenia Bolnisi 40,0 41
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Table 4. Hydrological Indicators of Mineral Waters in Eastern Georgia

# | Name of the Mineral Waters Location Water Debit (L/day)

1 | Bagiani River Didi Liakhvi Gorge 14500,0 L/day

2 | Pasanauri River Tetri Aragvi Gorge 700,0 L/day

3 | Vazhas-tskaro River Pshavi Aragvi Gorge 0,8 L/min

4 |Javi River Didi Liakhvi Gorge 6,0 L/min

5 | Borjomi River Mtkvari Gorge 1800 L/day

6 |Zvare River Chkherimela Gorge 15000 L/day

7 | Thilisi River Mtkvari Gorge 74,0 L/min

8 |Vardzia River Mtkvari Gorge 22,0 L/min
CONCLUSION

In conclusion, while Eastern Georgia is rich in thermal and mineral water sources, and
its water reserves are considerable, the region faces significant challenges related to water
distribution and consumption. The uneven distribution of water resources, coupled with the
high demand from irrigation and other sectors, has made water supply a critical issue in the
region. As Georgia continues to develop, it will be crucial to adopt more sustainable water
management practices, improve water use efficiency, and explore new sources of water to
ensure that both current and future generations can meet their water needs (Nadiradze, G.,
& Sajaia, T. (2011).
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bLog3306dm bohy3zgdn: dnbgMmomymo Bymgdo, mgMmIymo Bymgdo,
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Loagommzgmmb hHgMmohmMmnodg dnbgMmomymo Bysmmgdn s MgMIgmo Bymgodo
LOY3Y69900L gobdogmmosdn nmzmydmes 360dzbgmm3zabo 0bgoMngn MgbyMmLYdNL
Bysmme MmgmmE Ladzxmbogmm, nbg LodMyb3zgmm o bmxymab 3gyMbgmdab godmyg-
6900bm30L. bLoagommzgmmb dos MyzanmMbgonb dMagzamBgMmM3360 gogmEmManyMo o
3madodhymo 30mMmMOg00n goabbadmgmozb dnbgMmomymo s MgMmTgmmo Bymgonb gobme-
3900bs o domon ybogomymo m30090900L BaMIMIABSL. EOLLZWMGM O dMIMbIZMYN
bagommzgmm gobbbgoegzads MmamMmE gamemmanymn a3mmMadsEnndnb, nbg ByoMmmydab
033MbadMmobom. 63dMmadn BoMIMEagbnmns smIMLIZMI0 o LOZMgM bogo-
Mmmnzgmmb hgmobhmmongddg dnbgMmomymo BysmMmmgdnbs o MmgMmagmmo Bymgdab gobmo-
39000 o dsmn dshR39690mMgoNL (saNMAEgdsMgMds, Byamab gdadn, hgddgmahyms
©9 9.9.) 365m0dO.

d03MLLZWY0 O L3 bodommzgmmb FnbgMmomymn Bysmmgdabo s ymMmay-
oo Bymgdob gobmoggds o domo godmygbgods zobdmmgmmodnbmznob d60d369mm306
ML 33dmMoOL J39ybab g3mbmanznbs o HyM0dANL gobznmamgdsdn. 88 ByoMmmydab
LEMMo 3admygbgdnom dgbadmgdgmns sMs bMEMME dEdTNdbMS FObAMMYMMOANL go-
3935m09LY0., 3MTg Mxanmbob g3mbmanzyma 3m®M9bEnomab godMmm..

dmbLOMMEBbMNY, MM3T o3 BYyoMmyxodnb gadmygbgdnb sgg3d30Lby o doMmm3znb LEM-
Mo gobbmMmEngmgds dom JimMm o 3M3mammosb dmydobl, Mg LogdoMmmzgmmb
Lagmmadmmabm 3gmmmdgdob 0sdsMBY g 3Mb39MIbH0MNBMOSL Bnobnggob.
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