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Radon balneotherapy is a traditional approach involving the use of
radon sources for balneological procedures. Despite numerous
studies on the impact of radon on the body, the safety of using radon
for medical purposes remains uncertain. While there is a clearly
defined upper limit of the dose rate to achieve a radioadaptive
response, the lower limit for this hormetic effect is still inconclusive.
Current beliefs suggest that the minimum effective therapeutic
radon concentrations are as follows: 200 Bg/l for water baths and
700 Bg/l for inhalation of radon and its products. However, in
laboratory rat studies, hormetic responses were observed at
significantly lower doses of radon exposure (37 Bg/m?®). To address
this issue, we conducted experiments on laboratory rats, exposing
them to a continuously dosed radon exposure not exceeding 50
Bg/m?3. The level of inhalation-assimilated radon over 3 months was
determined by measuring the presence of one of its decay products,
lead-210, in flat bones. This radioisotope was analyzed using a
Canberra gamma spectrometer equipped with a highly sensitive
germanium detector. The results obtained indicated that at such a
level of radon exposure, the hormetic response could not be
attributed to radiation-induced effects.
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INTRODUCTION

evaluations of the radiation technologies used in
modern medicine. The safety assessment of

Radiation safety concerns are quite
important, as the use of new gadgets and
technology that rely on radiation in medical
therapy and diagnostics is increasing year over
year [1, 5, 20]. This has made it necessary to
revise outdated protocols and conduct safety
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radon-mineral water treatments at medical spas
is very significant in this regard. Recent research
findings indicate that Tskaltubo waters have a
significant hormesis effect [3, 15]. The results
obtained from analyzing the physiological,
biochemical, and other parameters of these
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waters are attributed to the effects solely
induced by the radon content, as discussed in
scientific publications [16, 18]. According to the
international classification, healing mineral
waters are categorized into four main groups:
radon, radium, radon-radium, and uranium.
Radon waters serve medicinal purposes. Based
on radioactivity levels, radon waters can be
categorized as follows: weak radon waters, with
radon concentrations ranging from 200 to 1500
becquerels per liter (Bg/L); waters with a
moderate radon concentration, ranging from
1500 to 7500 Bg/L; and high-radon waters, with
radon concentrations exceeding 7500 Bg/L. The
minimum effective concentration for radon
treatment is considered as follows: 200
becquerels per liter (Bg/L) for water baths and
4000 Bg/L for drinking. The impact of a
radioactive radiation assessment is based on the
dose absorbed by the body. The maximum
allowable radiation dose for a patient during the
treatment course is as follows: 34,000 Bg/L for
water baths, 9400 Bqg/L for airborne exposure,
and 700 Bq/L for the inhalation of radon and its
by-products. Publications have indicated a dose
of 37 becquerels per cubic meter (Bg/m?) during
inhalation [2, 4, 13, 14, 17, 19]. Employing such
a low dose poses a potential health risk for the
patient, as the smaller the hormesis dose of
irradiation, the lower the critical (damaging)
dose, depending on the overall radioresistance
of the body [9]. Therefore, there is a compelling
need for research focused on the safety aspects
of radon exposure. The objective of this paper is
to assess the accuracy of the statement that
attributes the hormesis level of Tskaltubo
mineral waters solely to their radon content. As
the observed effects are not specific to radiation,
it is essential to explore the contribution of
radon radiation effects when employing multi-
component water.

MATERIAL AND METHODS

The subject of the research comprised
laboratory white rats, exposed to controlled
radon irradiation for three months. The control
group, comprising 10 laboratory white rats, and
the test group, also comprising 10 laboratory
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white rats, underwent testing three times each.
To ensure a consistent level of radon radiation,
aerated water (with a total reservoir capacity of
three tons) was employed. Continuous
monitoring of air radon saturation was carried
out using a radonometer (Airthings Digital
Radon Detector). Throughout the experiment,
the laboratory animals were housed in a warm
environment with 80% humidity. Upon the
conclusion of incubation, dried and crushed
tissues from the flat bones of experimental
animals were employed as the marker object.
Given the rapid nuclear decay stages
experienced by radon, the utilization of a long-
lived isotope, 210Pb, representing an
intermediate decay product in the radon
transformation process was conducted to
achieve relatively consistent rates of radon
incorporation into a living organism. The
quantitative determination of the lead isotope
was executed using a gamma-spectrometer
(Canberra) equipped with a germanium
detector, which  possesses a freezing
temperature of -196°C. Subsequently, the
acquired spectra were analyzed employing the
"Genius-2000" program.

The localization effect of one of the radon
decay products (-210Pb) was used in our study
to establish a cause-and-effect relationship
between the dose of radon absorbed by a living
organism and the initiation of the process of
radiohormesis. The 210Pb isotope that we used
has an increased half-life (22.3 years) in the
radon decay series (222Rn-218Po0-214Pb-
214Bi-214P0-210Pb). Unlike other isotopes in
this series, the increased half-life of 210Pb
makes it suitable for use as a marker for
assessing the degree of radon infiltration into the
body [7, 8]. Lead is characterized by the
property of stable accumulation in bone tissue,
which makes it a constant source of increased
levels of lead in the blood even after the
cessation of external exposure [10]. This
characteristic allows one to calculate the lead
content in bones and serves as the only reliable
indicator of body contamination with this
element. If blood as a dynamic system reflects
the direct influence of lead on the body [6], then
the peculiarity of the accumulation of the
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element, along with its concentration in
depositing tissues, characterizes the persistence
and duration of its penetration into the body [11,
12]. Therefore, the radioactive lead content
serves as a suitable indicator for studying the
penetration of radon into body tissues and its
conversion to radioactive lead.

RESULTS AND DISCUSSION

The indicators of the dose of radon
absorbed by rats obtained in the work are of
great importance for assessing the potential risks
to the health of patients during radon therapy
with  Tskaltubo geothermal waters. This
phenomenon is substantiated by the above-
mentioned scientific studies carried out in
Georgia, which highlight the radiohormetic
effect of Tskaltubo waters caused by radon.

In the research, the gamma-spectrometric
analysis method was employed to determine

radioactive lead in the environmental continuum
and the flat bones of the test animals. As
observed in the data presented in the first image,
the environmental continuum exhibited a
radioactivity level of approximately 1160-1170
pulses, resulting in a pure signal of 268-278
pulses (1438-1160, 1170). Similar indicators of
radioactivity were noted in the gamma-spectrum
fragments of the flat bones of experimental
animals.  Consequently, the radioactive
spectrum exhibited uniform characteristics in
both scenarios, indicating that no additional
activity of the lead isotope was detected in the
test variant within the radioactive lead
localization zone (46.5 keV). This suggests that
the quantitative assessment of radon absorbed
by the animals utilized in the experiment
approximates the background (reference) rate.

(Fig.1).
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Figure 1. The fragments of the gamma spectra of the environmental continuum and the radioactivity
of the flat bones of test animals in the radioactive lead localization zone (46.5keV).
Note: A represents the fragment of the gamma spectrum of the continuum, while B represents the fragment of

the gamma spectrum of flat bones.

Our results showed that radiation-induced
effects could not be the cause of the hormetic
reaction at this level of radon exposure.
Consequently, the observed hormetic effect on
various physiological parameters in laboratory
rats [4, 18] manifests not only as a consequence
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of radon exposure. This situation arises because,
in the region of low doses, aside from the linear
dose response, other forms of dose dependence
are equally probable. Therefore, it becomes
challenging to isolate the radiation-induced
effect due to the interference of non-radiation
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factors. One plausible explanation for the
therapeutic effect observed during inhalation
could be the influence of ionic and gaseous
constituents present in mineral water and moist
heat. The inhaled, sprayed water affects the
reflexogenic areas of the respiratory tract,
transmitting impulses to the central nervous
system, which then impacts the body. In this
case, the contribution of radiation exposure is
minimal, making it inappropriate to classify this
effect as radio-hormesis. That is, the activation
of physiological and biochemical processes
(hormesis) is caused not only by the dose of
radon absorbed by the body but also by the
combined effect of various factors. Further
research is needed to explore these factors.

CONCLUSION

Based on the analysis of the obtained
results, it can be concluded that the effect of
radio-hormesis observed in the given interval of
radon irradiation dose, among numerous
influencing physicochemical factors, is not
solely the outcome of the radon component's
influence.
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W3YUYEHUE D®OEKTA UHTAJISIIAN MUHEPAJIBHO-PAJTOHOBBIX BOJI IIXAJTYEO
HA 9KCHHEPUMEHTAJIBHBIX ’KUBOTHBIX

Muxani lore6amsuian’, Tapu I'pedenuyk’, Epevust Tyaamsuin?, Hasu Usanumsuin 1, Codo
Kanmaxeauaze 3, Mapuam IlyonTnase?

1 L]enmp sxcnepumenmanvHou 6uomeouyurvl um. M. bepumawesunu, Jlabopamopus npobnem
paouayuonnol bezonachocmu, Tounucu, I py3zus.
2 Uuemumym uccredosanus mamepuanos, Tounucckuil 2ocyoapcmeentulil yhusepcumem um. Meane
JDicasaxuweunu, Tounucu, I py3us.
3 Llenmp sxcnepumenmanvrou ouomeouyunsl um. M. bepumaweunu, rabopamopust
Hevipomoxcuxonozuu, Tounucu, I py3us.

PagoHoBasi OanmpHeoTepamuss — TPAAWIUOHHBIA METOMA, NPEINONAralonIiii HUCIOIb30BaHUE
MCTOYHUKOB PaJioHa sl OalIbHEOIOTHYECKUX Mponenyp. HecMoTpsi Ha MHOTOUMCIIEHHBIE HCCIIEA0BAHMS
BJIMSIHUS paJIOHa HAa OpPTraHu3M, 0€30IaCHOCTh MCIIOJIb30BAHUS Pa/IOHa B MEAUIIMHCKHX LIEJISIX OCTAeTCs
HeonpeeneHHoi. IMeroTcst ueTko ornpe/esieHHbIe JaHHbIe OTHOCUTEIBHO BEPXHETO Mpeiesia MOITHOCTH
JI03bI JUIs1 TOCTYOKEHUSI PaoalaiTHBHOTO OTBETA, a HIPKHUM Tpeien AaHHOoro 3((dekTa Bee elle HesCeH.
CormacHo COBpPEMEHHBIM MPEACTABICHUSAM, MHHUMalIbHbIE 3((EeKTUBHBIE TEpaNeBTHUYECKHUE
KOHIEHTpaIuu pagoHa coctapisitor: 200 bx/n nns Boasueix 6ans u 700 bx/nm nnst BapIxanust pajoHa u
ero npoAaykToB. OJHaKo B J1a0OpaTOPHBIX HCCIEJOBAHMUAX HA KpbICaX TOPMETHYECKHE PpEaKLuu
HaO0JII0JaIMCh MPU 3HAYUTEIBHO MEHBIINX J103aX Bo3aeicTBus pajgoHa (37 bk/m3). lns pemienus 3Toro
BONpOCa Mbl MPOBEIM JKCHEPUMEHThl Ha J1a0OpaTOPHBIX KpbICaX, MOABEpPras MX HENPEpPhIBHOMY
J03UPOBAaHHOMY OOIYy4EHHUIO0 pafoHOM, He mpesblmaromemy 50 bxk/M3. YpoBeHb HHIaIsIMOHHO-
aCCUMWJIUPYEMOI'O PaJOHa B TE€UYEHHUE 3 MECSLEB ONpPEeAEsUId MyTeM U3MEPEHMs HaIuuMsl B IJIOCKUX
KOCTSIX OJJHOT'O U3 IPOAYKTOB €ro pacnaja - cBUHIA-210. DTOT paguon30TON aHaIU3UPOBAJIH C IOMOIIBIO
ramMmMa-criektpomerpa Canberra, OCHAaIIEHHOTO BBHICOKOYYBCTBHUTEJIBHBIM T'€PMAHHUEBBIM JETEKTOPOM.
[Tomy4yenHsle HamMHM pe3yabTaThl IIOKAa3ald, YTO TMPU JaHHOM YpPOBHE BO3JECHCTBUS pajJOHA
TOPMETHYECKYIO PEAKIINIO Hellb3s O0BSICHUTh palualliOHHO-UHAYIIUPOBAHHBIMU 3(dexTamu.

KuroueBsble cjioBa: pajioH, ramma-ooiayuenue, ropmesuc, Lixanry6o.
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TSXALTUBO MINERAL RADON SULARININ INHALYASIYASININ EKSPERIMENTAL
HEYVANLARA TOSIRININ OYRONILMOSI

Mixail Qogebasvili 1, Qari Qrebencuk *, Yeremiya Tulasvili 2, Nazi Ivanisvili !, Sofo Kalmakelidze
3, Mariam Subitidze !

Y [ Beritasvili adina Eksperimental Biotibb Markazi, Radiasiya Tohliikasizliyi Problemlori
laboratoriyasi, Thilisi, Giirciistan
2 vane Cavaxigvili adina Thilisi Déviat Universiteti, Materiallarin Tadqiqat: Institutu, Thilisi,
Giirciistan
3 [ Beritasvili adina Eksperimental Biotibb Markazi, Neyrotoksikologiya laboratoriyasi, Thilisi,
Giirciistan

Radon balneoterapiyasi balneoloji prosedurlar ti¢iin radon manbalarindan istifadoni nazards tutan
ananavi tisuldur. Radonun orqanizma tasiri ilo bagl ¢oxsayl arasdirmalara baxmayaraq, radonun tibbi
moagqsadlar tigiin istifadasinin tohliikasizliyi geyri-miiayyan olaraq qalir. Radioadaptiv reaksiyaya sobab
olan dozanin yuxari1 haddi ilo bagl doqiq miioyyan edilmis molumatlar mévcud olsa da, bu tosirin asagi
hoddi halo do moalum deyildir. Miiasir konsepsiyalara gors radonun minimum effektiv terapevtik
konsentrasiyasi belodir: su vannalari ti¢iin 200 Bq/l, radon vo onun mohsullarinin inhalyasiyasi ti¢iin 700
Bg/l. Bununla belo, sigovullar iizorinds aparilan laboratoriya todqgigatlarinda shomiyyatli dorocads asagi
dozalarinin (37 Bq/m3) tasirina moaruz qaldiqda hormetik reaksiyalar miisahids edilmigdir. Bu problemi
hall etmok {iglin biz laboratoriya si¢ovullarin1 50 Bg/m3-don ¢ox olmayan davamli dozada radon
stialanmasina moruz goyaraq tocriibalor apardiq. 3 ay arzinds tonoffiis yolu ilo manimsanilon radonun
Saviyyasi yasti stimiiklords onun pargalanma mohsullarindan biri olan qurgusun-210-un mévcudlugunu
Olgmaklo miioyyan edilmisdir. Bu radioizotop yiiksok hossas germanium detektoru ilo tochiz edilmis
Kanberra gamma-spektrometrindan istifads edoarak tohlil edilmisdir. Naticalorimiz gostordi ki, verilmis
saviyyads radona moaruz galma naticasinds yaranan hormetik reaksiya radiasiyanin soboab oldugu tasirlorlo
izah edilo bilmoz.

Acar sozlar: radon, gamma-siialanma, hormesis, Tskaltubo.
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