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Characteristic of balneologically active components and microflora under
extreme conditions of mineral waters of the Mongolian People’s Repu-
blic")

Mineral waters, being a component of the biogeosphere, play in important part in the
redistribution of many specific elements, thereby providing for the direct or indirect
influence on biological processes: on activity of different kinds of bacteria and on high
organisms as well.

Complex investigations of chemical and microbiological compositions, directed on the study
of hydromineral solutions formation conditions and of physiological effect of solutions on
human organism, were carried out by the authors for the first time for mineral waters of
MPR.

It is known, that the pecularities of mineral water formation, connected with a considerable
depth, a high temperature, a high CO, gassaturation and transitional-reductive conditions
(in the absence of or at minimum amount of dissolved oxygen) leave their respective mark
on a species composition of microorganism present. The study of such interconnection repre-
sents an obvious value not only for the solution of a problem of chemical composition of
mineral waters. The revelation of the relationship between dissolved organic matter com-
position and the bacteria present allows to approach the study of metamorphization of silt
deposits in lak=s and seas and also to investigate the changes in minerals of sedimental
deposits in time.

As it was previcusly noted, cold carbonate and nitric thermal mineral waters of MPR were
used as a subject of study. Apart from macrocomponent composition, the quantitative cha-
racteristics of the most important physiologically active components such as iron, fluorine,
dissolved silica, arsenic, iodine etc. were investigated, microflora was also studied.
Nitric thermal waters with the mineralization up to 0.8 g/l of hydrocarbonate-sulfate and sul-
fate-hydrocarbonate nitric composition-are spread over west regions of the Mongolian People’s
Republic. Forming their chemical composition on a considerable depth under the influence
of high temperatures and pressure, the hydrothermal solutions are enriched with components
the migration conditions of which depend.directly or indirectly on temperature. Such com-
ponents are fluorine, silicon, and calcium. The presence of high concentration of fluorine
(up to 24.5 mg/l) and dissolved silica (up to 213'mg H, SiO,4/l) in thermal waters should be
considered to be the characteristic feature of the waters. Oxygen is absent or observed in
minimum concentrations. The most important component, which specifies geochemical situa-
tion of hydrothermal solutions and therefore the conditions of migration of many elements,
is dissolved hydrogen sulfide, the presence of which is observed in all thermal waters
studied. In a weak alkali state of hydrothermal solutions, all dissolved hydrogen sulfide
is practically in a hydrosuliide form, H5. Since the H5 concentration comes up to 16 mg/!
in many deposits, the given hydrotherms may be characterized as hydrosulfide ones. The
intensive deposition of sulfur is observed at the places of discharge of hydrothermal solu-
tions greatly enriched with hydrogen sulfide.

As the microbiological analysis of thermal waters showed, the temperature factor played
an essential part in development of different groups of bacteria.

The strict dependence between temperature and overal amount of bacteria was not found

) Beitrag auf dem Internationalen Symposium ,Erforschung biologischer Ressourcen der Mongo-
lischen Volksrepublik® in Halle (Saale) vom 29. August bis 2. September 1983.
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out, but it was observed that at the water temperatures from 20 to 55 °C, the overall number
of bacteria was higher (155-325 thousand col/ml) than in hydrothermal solutions with the
temperatures from 55 to 92 °C.

For the waters with high temperature (50 °C and higher), the high quantity of saprophytes
(4500—-5440 col/l) is typical; this may be connected with the presence of easily decomposing
dissolved organic substances (1.2-7.9 mg. Corg/l). Phenol-oxidizing bacteria (when phenol
content is from 0.006 to 0.046 mg/l) were found in all springs. Denitrifying bacteria are
developed very weakly or they are not present at all. Metaneforming bacteria were observed
in small quantities only in the waters of deposits of art and Khuzhirte. Their absence in
the waters of other hydrotherms may be connected with the presence of dissolved oxygen
(even at minor concentration of it), the bacteria of a given type being 'able to develop in
the absolute absence of oxygen. In all cases, the weak growth of thion- acid bacteria was
observed.

Cellulose-fermenting aerobes were found in the waters of all studied objects; anaerobes
and sulfate-reducing bacteria were completely absent.

It is quite possible that a temperature barrier of 45-50°C has a depressing influence on
the development of such groups of bacteria as sulfate-reducing, metane-forming, deni-
trifying ones, and favors the more intensive growth of others, for example phenol-oxidizing
bacteria. This conclusion is, however, possible to be ararrived at under the complex conside-
ration of temperature and geochemical conditions, as well as the chemical composition of
aqueous solution ‘and analysis of not only quantitative contents of different components but
also the forms of their migration. The latter factor is especially important in the study of
a composition of dissolved organic substances and of bacteria present in the aqueous solu-
tion.

The determination of all these pointed out interrelations would allow to approach the
elucidation of the role of the microbiological component in the formation of chemical com-
position of different types of natural waters distiguished by their genesis.

This may be exemplified by the results of complex study of the largest field of thermal
waters in Shargalzhut on the territory of MPR. This field is unique both in the occurrence of
the most important specific components and in their reserves. By the present time, 153
places of thermal water discharge with the temperature from 52 to 92°C have been regi-
stered.

The detail study of this unique hydrothermal field makes it possible to establish the
availability of the interconnection between the temperatures of individual discharges and
the contents of hydrosulfide-ions (pair correlation coefficient, r = 0.53). The relationship
between the thermal water temperature and hydrogulfide contents shows that the origin
of hydrosulfides is chemical in a greater degree than biochemical, since, as it is known, the
optimum conditions of bacterium activity are observed at temperatures from 50:to 60 °C,
the activity gradually attenuating with the further increase in temperature. And though
according to data on microbiological analysis, the bacterial life develops even at tempera-
tures up to 100 °C, the activation of activity of bacteria was not observed at the tempera-
tures from 60 to 100 °C. It should be noted that sulfate-reducing bacteria were not discovered
in the waters of Shargalzhut field.

The group of sulfide-oxidizing bacteria is of great interest. This fact may explain the
availability of considerable connection between contents of sulfates and hydrosulfide-ions
in the waters of Shargalzhut field; the fact shows the possibility of a partial enrichment of
hydrothermal solutions with sulfats at the expense of the vital activity of bacteria.

As a whole, the development of bacteria in waters of Shargalzhut field is very weak: from
3 to 35 col/ml; ammonifying bacteria were found only in minute quantity; phenol-oxidizing
bacteria were found only in a spring with the temperature of 82.5°C; this is the most high
temperature spring among other ones subjected to microbiological analysis.

Cold carbonic acid waters of Mongol People’s Republic are mainly located in the east regions
of the country and partially in the south, in the north parts of the desert of the Gobi. This
type of waters is quite various in chemical composition, in the extent of mineralization, and
in the quantity of physiologically active components as well. The regular change of chemical
composition of cold carbonic acid waters of Mongolia from the north to the south is charac-
teristic of them. Hydrocarbonate alkali-earthe waters with mineralization up to 2 g/l exist
in the north regions of the province, and these waters give, southward, place to sulfate —
hydrocarbonate sodic ones with the mineralization of 2—5 g/l, whereas the cold carbonic-
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acid waters of hydrocarbonate-chloride and chloride-hydrocarbonate sodic composition with
a mineralization of 7-13 g/l were found out in the north regions of desert of Gobi. Weakly
oxidizing conditions of formation, and the absence or presence of oxygen only in small
quantities give rise to favourable conditions for an intensive migration of various micro-
elements iron in particular.

The wide abundance of this element in rocks and the favourable geochemical conditions
of these waters favour the accumulation of iron in quantities up to 30 mg/l, the most part
of carbonic-acid waters being allowed to be characterized as ferrugious ones.

The presence of carbonic acid is the main reason of accumulation of calcium in carbonate
waters of MPR may be recommended for internal use without any limitations.

soluble Ca F, formation. That is why the fluorine ion contents are relatively low in car-
bonate waters and constitude from 0.02 to 2.2 mg/l, by virture of which all carbonate
waters of MPR may be recommended for internal use without any limitations.

The concentrations of other elements are the following: boron 0.25-13.58 mg/], bromine
0.20-2.72 mg/], arsenic 0.001-0.040 mg/l; iodine was not detected in most of waters or only
traces of it were found.

In the case of dissolved silica, the temperature i the main factor of accumulation of this
material in hydrothermal solutions, whereas in carbonate waters, the intensity of silicon
accumulation should be connected with the significant amounts of dissolved carbonic acid,
in the presence of which, the leaching of rocks increases and, consequently, the concentra-
tion of components (including silicon) also increases in the solution.

The presence of silica in quantities from 37 to 113 mg H,SiOy4/1 in carbonate waters seems to
be stipulated by this factor. It is known, that carbonate waters are formed in the depths,
which are to a considerable degree less than the depths of hydrothermal solution formation.
Therefore the microbiological composition of carbonate waters is essentially affected by
surface watens. The presence of higher contents of bacteria (up to 447 thousand col/ml) in
carbonate waters as compared with that in hydrothermal solutions should be connected with
their nature of formation.

For carbonate waters, higher contents of saprophytes are also characteristic. The intensive
development of sulfate-reducing bacteria was observed almost in all springs investigated.
Phenol-oxidizing bacteria are very weakly developed.

The spring of Urdyn-Tokhoi, having hydrocarbonate-sodic composition and located on the
territory of thermal water occurrence, is an exeption. The presence of a great quantity of
phenol- oxidizing bacteria (100 col/ml) in the composition of this spring, the absence of
sulfate-reducing bacteria, and the weak development of thionacid and methan-forming
bacteria make it possible to speak about some common features of genesis of the cold car-
bonate spring of Urdyn- Tokhoi and the thermal water fields located on the given territory.
Recently, it was established that organic substances, organic and free amino acids in par-
ticular, dissolved in natural waters, play an important part in physiologic influence on the
human organism.

Carbonate mineral waters of hydrocarbonate-sodic composition, nitric sulfate-sodic hydro-
therms, and cold hydrogen-sulfide waters are the most enriched with organic acids.

Summary

The distribution of amino acids is irregular in mineral waters. Their content is minimum
in cold carbonate waters of hydrocarbonate sodic composition, the highest amino acid
concentration does not exceed 0.640 mg N/L.

Hydrothermal solutions are enriched with amino-acids to the greatest extent, the amino
acids contents coming up to 0.780 mg N/! in hydrotherms of sulfate-sodic composition. In
thermal waters enriched with hydrosulfides, amino acids are present in quantities up ‘to
1.710 mg N/L

Zusammenfassung

Mineralwasser sind wichtige Bestandteile der Biogeosphdre. Die darin enthaltenen spezifi-
schen Komponenten bedingen ihre Wirksamkeit in biologischen Prozessen, die die Ent-
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stehung und Lebenstatigkeit von der Mikroflora bis zu den hdheren Organismen beein-
flussen.

Von den Autoren sind praktisch alle Lagerstitten und Erscheinungen der Mineralwésser
der MVR untersucht worden. Gemeinsam mit weitcren charakteristischen Parametern und
Komponenten wurden die wichtigsten biologisch aktiven Bestandteile Eisen, Silizium, orga-
nische Stoffe, Schwefelwasserstoff, Fluor, Brom, Jod, Arsen, Bor u. a. bestimmt und die
Mikroflora studiert.

Die vorhandenen Kriterien zum Gehalt von biologisch aktiven Komponenten in den Mineral-
gewadssern stiitzen sich auf ihre physiologische Beeinflussung.

Zur Vereinfachung ist die Charakteristik der obenerwéhnten Komponenten fiir kohlensaures
kaltes Wasser und Stickstoff-Hydrothermalwasser angegeben.

Kohlensaures Mineralwasser: Die Mikroflora besteht aus einer geringen Menge von Sapro-
phyten, phenoloxidierenden und dinitrifizierenden Bakterien. Das Wasser des Chalzan-uul-
Brunnens weist einen gesteigerten Gehalt an sulphatreduzierenden Bakterien auf. Der Gehalt
von biologisch aktiven Komponenten im kohlensauren Wasser liegt niedriger als die in der
UdSSR bekannten Werte. Die mittlere Konzentration in mg/l betrdgt: Bor — 0,3-0,4; (im Chal-
zan-uul — 136), Brom — 0.4, Jod — 0.08, Arsen — 0,01. Die gesteigerten und hohen Konzentra-
tionen von Eisen — 30 mg/l, Fluor — bis 2,2 mg/l, geldster Kieselerde — bis 90 mg/l, ver-
dienen besondere Aufmerksamkeit.

Die hohen Konzentrationen von Eisen und Silizium erlauben es, eine grofie Zahl der kohlen-
sauren Wasser als eisenhaltig und kieselhaltig zu bezeichnen, wobei dieses Wasser hochst
gunstig ist bei der Heilung einer Reihe von inneren Erkrankungen.

Nach dem Gehalt an biologisch aktiven Komponenten unterscheidet sich das stickstoffhaltige
Thermalwasser stark von kohlensaurem Wasser. Es weist meistens Hydrosulphide bis zu
17 mg/l auf, der Borgehalt ist auf 1,5 mg/l gesteigert. Keine Quelle hat Jod aufgewiesen; die
Bromkonzentration ist niedriger als in kohlensaurem Wasser.

Nach der Kationenzusammensetzung des Thermalwassers ist der Kalziumionengehalt nicht
grof. Die Anwesenheit von fluorhaltigen Gesteinsschichten, die hohe Wassertemperatur und
die Abwesenheit antagonistischer Elemente begiinstigen das Auftreten von Fluoriden, deren
Konzentration 23 mg/! erreicht. Eine charakteristische Besonderheit der Thermalwasser ist
der hohe Gehalt an geldster Kieselerde (iiber 150 mg/l H,;Si0,).

Die Mikroflora dieses Wassers ist reich an Saprophyten, phenoloxidierenden und zellulose-
zersetzenden Anaerobiern.

Eine wichtige physiologische Wirkung auf den Organismus erfolgt durch geldste organische
Stoffe, insbesondere organische und freie Aminosduren. Besonders reich an organischen
Sauren sind kohlensaure Mineralwésser von einer Hydrokarbonat-Natrium-Zusammenset-
zung, stickstoffhaltige Sulphat-Natrium- und Chlorid-Natrium-Thermalwadsser, aber auch
schwefelwasserstoffhaltige Wisser.

Die Verteilung von freien Aminosauren in den Mineralwéssern ist ungleichméafig. Im kohlen-
sauren Hydrokarbonat-Magnesium-haltigen Wasser ist deren Gehalt minimal, im Hydro-
karbonat-Natrium-haltigen maximal (durchschnittlich 0,640 mg N/1).

Hydrothermalwaisser enthalten auch bedeutende Konzentrationen freier Aminosduren, die in
Sulphat-Natrium-haltigen Wassern 0,780 mg N/1 erreichen. In hydrosulphidhaltigen Wassern
erreicht ihr Gehalt 1,710 mg N/L

Pe3lome

MuHepanktHbie BOALI SBNSIOTCA BAMHEWLWEH COCTABHOM u4acTeio Buoreocdepsl. Hanuuue 8
HUX cneundUUecknx KOMNOHeHToB obycnoenueaer ux noesegeHne B Guonornueckux npouec-
cax, BNMAOUWMX HA FrEHE3UC M NM3HEeAeSTEeNLHOCTL OT MUKPOMNOPL! A0 BbiCLIKX OPraHW3IMOB
AsTopamu obcnenoBaHbl NPAKTUUECKM BCE MECTOPOXKAEHMN M MNPONBNEHUS MUHEPANbHBIX
soa MHP. Hapsay ¢ NnpoYyMmu XapakTepHbiMU NAPAMETPAMK M KOMMOHEHTAMKU ONpeAensNucy
rnagHenwme BUONOrMUECKU AQKTMBHbLIE COCTABNRIOLLUE: IKENE30, KPEMHMWHI, OpraHuyeckue
BewecTsa, ceposopoposd, drop, 6pom, uoA, MbiwbnaK, Bop K Apyrue, m3yyanacs MMKPO-
pnopa.

CopepraHmne WM pacnpefEneHHE 3TMX KOMMOHEHTOB B PAa3/IMUHBIX TMNAax BOA HEOAUHAKOBO,
38BMCUT OT MHOTWX (PaKTOPOB M, NPEXKAE BCErO, OT rEONOrMYUECcKon OBCTaHOBKM POPMUPO-
BaHUS.
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Nmelowmecs KpuTepuu rno CoAepManmnio BHMONOruyeckn aKTMaHLIX KOMNOHEHTOB B MMHEPaNh-
HbIX BOAAX OCHOBAaHbI HA MX (PHM3UONOTUUECKOM AEHCTBUM.

B uensax ynpouieHus XapaKTEPUCTMKA BbILIEYKA3AHHLIX KOMMNOHEHTOB NPHMBOAWTCA ANA
YrAeKUCNLIX XONOAHBIX BOA M a30THLIX FMAPOTEPM.

MuKkpodnopa yranekucnsix MHHEPanHslXx BOA NPEACTABNEHa HeBOoNblMM KOMMUECTROM
canpotuTos, PEHONOKUCAAIOWMX U AWHUTPMDUUMPYOWMX HakTepuii. B BOAe CKBAMMHBLI
XansaH-yn nossiweHo coaepxaHue cynsdarpeayumupyrowmnx baxtepui, CopeprkaHue
BUONOrMUECKH AKTUBHLIX KOMMOHEHTOB B YrNEKWCAbIX BOAAX HMIKE KPUTEPMER, MPUHATHLIX B
CCCP, CpepHue koHUeHTpaunu ux B mr/n pasHbl: 6opa — 0,3—0,4 8 sope Xansaw-yn —
136), 6poma — 0,4, mopa — 0,08, muiunaxa — 0,01.

Obpawator Ha cebs BHMMAHME NOBLILLEHHLIE W BLICOKME KOHUEHTpauuu xeneza — 30 mr/n,
propa — A0 2,2 mr/n, pacTBOPEHHOro KpemHezema — A0 90 mr/a.

MoBbilleHHbIE KOHUEHTPALMM IKENe3a M KPEMHMRA NO3BONAIOT OTHECTH BOALLWMHCTEO
YIAEKMCAbIX BOA K IKENE3IMCThIM M KPEMHHCTBIM, Bechma bnaronpuATHbIM NPM  neqeHmu
PR3 BHyTpeHHux 3abonesaHun.

A30THbIe TepmanbHbie BOAbLl MO COAEPIKAHMIO BUONOrHUECKN AKTHBHLIX KOMMNOHEHTOB PE3KOo
OTNMYAIOTCA OT yraekucnbix. Ans 6ONLLIMHCTBA M3 HUX XAPAKTEPHO Hanuuyue ruAPoCyNLduaos
(ao 17 mr/n), nossiuenHoe copepranne 6opa (ao 1,5 mr/n); noa He obHapyweHn Hu B
OAHOM MCTOUHUKE; HMIKE, YeMm B YrNEKHCNbIX BOAAX, KOHUEHTPauns Bpoma.

B KaTMOHHOM cocCTase TepmanbHbIX BOA HEBENMKO COAEPIKAHWE MOHOB Kanbums. Hanuune
(PTopcoaepIKaLUMX NOPOA, BLICOKAS TEMNEPATYypa BOA M OTCYTCTBME 3NEMEHTOB-aHTAaroOHUCTOB
6naronpuaTCTBYeT HAKONNEHUIO (TOPHMAOB, KOHLEHTPAUWA KOTOPbLIX AocTuraer 23 mr/n.
XapakTtepHo# OCOBEHHOCTLIO TEPManbHbLIX BOA ABASETCA NPMCYTCTBME B HUX BbICOKMX
conepMannii pacteopeHHoro kpemHesema (6onee 150 mr H,SiO4/n).

Mukpodnopa 3Tux sos Borata canpoduramu, (HEHONOKMCAROUMMU M LENnNo30pasna-
ralouwmmmu aHaspobamu.

BakHoe @dulMonoruueckoe BO3IAENCTBME HA OPraHM3m OKA3bIBAKOT PACTBOPEHHblE OPraHu-
uecKue BeULECTBA, B YACTHOCTH, OpraHuueckue u csoboaHbie amuHokucnoTsl. Haubonee
o6orauieHsl OPraHMYECKMMM KMCNOTaMM YT NEKMCNLIE MUHEPANbHLIE BOALI rvapokapboHaTHoro
HaTPMEBOro COCTaBa, Aa30THbIe CYNbMATHO-HATPUEBLIE W XNOPMAHO-HATPMEBLlE TepMbl, a
TaK)Ke CEPOBOAOPOAHbLIE BOAbI.

Pacnpenenenue CBOBOAHLIX AaMUHOKMCNOT 8 MWHEPANLHbLIX BOAAX HepaBHomepHo., B
Yrnexkucnbix ruApoKapbOHATHO-HATPMEBLIX BOAAX WX COAEPIKAHME MMHMMANLHO, MAKCHMMANb-
Hoe — B ruapoxapboHaTHo-HaTtpHeBLix {(cpeanee — 0,640 mr N/n).

Mmaporepmul copepmar Bonee BoICOKME KOHUEHTPAUMM cBOBOAHLIX aMMHOKMCNOT, AOCTU-
raiouiue B cynbgarHo-Hatpuessix soaax 0,780 mr Nfn, B rugpocyneduaHuix sogax copep-
waHue ux pocturaer 1,710 mr N/n.
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