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Abstract. The article is based on the synthesis of domestic and foreign data,
shows the main sources and ways of radon in buildings, formulated the basic
principles of their anti-radon protection, classifies methods and means of protection,
outlines recommendations for their practical implementation in the design and
construction of buildings. Today in Kazakhstan there are several laws aimed at
ensuring radiation safety of the population, at the request of which epidemiological
services conduct constant monitoring of facilities under construction and existing
ones. According to current standards, the concentration of radon in existing
buildings should not exceed 200 Bq/m?, and during design — 100 Bq/m*. When
solving problems of anti-radon protection of buildings, the sources of radon are
objects from which radon directly enters the premises, regardless of the nature of its
appearance in these objects. It is necessary to understand that measures for anti-
radon protection of a building, carried out at the stages of its design and
construction, are more effective and require lower costs than measures to reduce
radon in an already constructed building. Currently, there are no standardized
methods for calculating the necessary parameters and determining the optimal type
of radon protection. The procedure for this selection is heuristic and in each case
is based on an analysis and qualitative assessment of a number of circumstances.
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BOMBIHIIA AKIMTAPATTBIK MOJEJb KYPY YIITH
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Annarna. Maxana omauovlK dicoHe uiemendik Oepekmepoi cunmesoeyee
He2i30el12eH, PAOOHHbIY UMAPaAmmapaa Mmycyiniy He2izei Ke30epi MeH JHconoapbl
Kepcemineen, 01apobl pPAOOH2A  KAPCbl  KOpeayouly Hezis2ei npunyunmepi
MYACLIPLIMOATIEAH, KOPEay 20icmepi MeH KYpanoapvl JCIKMeNn2eH, 2umapammapobl
acodanay dncame cany KeziHoe onapovl ic JCY3iHOe eH2i3y OOUbIHUA YCbIHbICIAap
bepineen. Byeinei mayoa Kaszaxcmanoa xanvlkmoly paouayusiivlk Kayincizoieim
Kammamacwlz emyze Oasvimmanzan OipHeuwle 3aHOAp KONOAHBLIAObL, O01aPObIH
manadvl OOULIHWA SNUOEMUOTIOSUANILIK, KbI3MEMMeEP CANbIHbIN JICAMKAH  JICIHE
HCYMbIC  icmen mypean obvekmilepee MYpPaKmvl MOHUMOPUHE JHCYPi3eoi.
Konoanvicmazer nopmanap 0Ooubinwa dHcymulic icmen mypean umMapammapoaebl
padon konyenmpayuscol 200 Bbx/mexwe mempoen, an sxcobaray keszinoe - 100
bx/mexwe mempoen acnayel muic. fumapammapovl paoomea Kapcwl Kopeay
Macenenepin weuty KesiHoe paooHHblY K630epi OHbIH 0Cbl 00bekmilepde nauoa 6oy
CUNAmMuIHA Kapamacmau, paooH mikesneu yu-scauiapea mycemin obvekminep 60nvin
mabvinadel. Fumapammuol ocobanay owcome cany KezeHOepiHOe JiCypeiziiemin
PAaodoHea Kapcvl KOPEAHblC Wapanapsl Kazipoiy 63iHOe CAlblHeaH UMapammazol
PAOOHObI azauimy wapaiapvlHa Kapazanoa muiMoipek HaHe a3 wvl2blHObl Kadicem
ememinin myciny Kadcem. Kazipei yaxvimma xadxcemmi napamempiepoi
ecenmeyoiy Jcane paodoHea KapcCvl KOPRAHLICIbIY OHMAUIbl MYPIH AHBIKMAYObIH
Hopmanaunzan a0icmepi oK. byn mawnoay npoyeoypacvl 36pucmukanvl 60avin
maowbLIaosl JHcaHe ap Heca2oauda bipKkamap Ha20auraposbl maidaya JHeaHe canavl
bazanayza HezizoenceH.

Tyiiin ce3nep: padon, kopzay, Kayincizoix, sxcendemy, a3amammsik KYpolibc,
Kbl3Mem.

* ABTOP-KOPPECIOH/IEHT
I'anua blosITaeBa, e-mail: ybytayeva.galiva@gmail.com

https://doi.org/10.51488/1680-080X/2024.4-17
Anwiaget 29 Haypeiz 2024; Kaiira kapanast 14 mambip 2024; Kabsuiganas: 22 tamsiz 2024

204


https://doi.org/10.51488/1680-080X/2024.4-17
https://orcid.org/0000-0002-4243-0928

QazBSQA Xa6apubicel. Ned4 (94), 2024. Kypbuibic

YIK 628.5

MPHTU 87.24.27
HAYYHAA CTATBA

OOPMHUPOBAHUE KOMIIVIEKCA UCXOJIHbBIX JTAHHBIX JJISA

CO3JIAHUSI UHOOPMAIIMOHHOM MOJEJIH MO

CHUKEHUIO KOHHEHTPAIIUAU PAIOHA B IIOMEINEHUAX
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I'.K. TamkeeBa

MexnyHapoanas obpa3zoBatenbHas koproparus, 050043, Anmarsl, Kazaxcran

AHHoTtanus. CTraTths OCHOBaHAa Ha CHUHTE3€ OTEUECTBEHHBIX M 3apyOeKHBIX
JAHHBIX, TOKa3aHbl OCHOBHBIE UCTOYHUKU U IyTH MOCTYIIJICHUS paZioHa B 3/1aHUA,
chopMyIHpOBaHbI OCHOBHBIE MPHUHIUIIBI HUX MPOTUBOPAJOHOBOM  3aIIUTHI,
KJ1acCU(UIIUPOBAHBI METO/IBI U CPEJICTBA 3AIIUTHI, H3JI0KEHBI PEKOMEHIAINH 110 UX
MPaKTUYECKOMY BHEJIPEHUIO MPHU MPOCKTHUPOBAHUU U CTPOUTENHCTBE 3/1aHuil. Ha
cerogHsAIIHMM 1eHb B KazaxcTane neiicTByeT HECKOIbKO 3aKOHOB, HAIIPaBICHHBIX HA
obecriedeHre paaualioHHON 0€30MacCHOCTH HACeNIeHHUs, TI0 TPeOOBAaHUIO KOTOPBIX
AMUAEMHOJIOTUYECKHUE CITYKObl BEIyT MOCTOSHHBI MOHHTOPUHT CTPOSAIIUXCS U
CyllIeCTBYIOMUX 00BEKTOB. [10 AEHCTBYIOIIMM HOpMaM KOHIEHTpalusi pajoHa B
JNEUCTBYIONIUX 3aHUAX HE JOJKHA npeBbimaTtsh 200 Bx/M, a MIPU MPOEKTUPOBAHUH
- 100 Bx/M>. TIpu peleHuM 3a71a4 aHTHPAJOHOBOM 3alUTHI 3aHUI UCTOUHUKAMU
pazioHa SBISIOTCS OOBEKTHI, M3 KOTOPBIX PaJiOH HEMOCPEACTBEHHO IMOMaJaeT B
MOMEIICHUSI HE3aBUCMMO OT XapakTepa €ro IMOSBICHUS B OJTHX OObEKTaxX.
HeoOxonumo moHHMMaTh, 4TO MEPOMPHUITHS MO aHTHPAJAOHOBOW 3aIlIMTE 31aHUSA,
MIPOBOIMMBIC HA Tanax ero MPOeKTUPOBAHUS U CTPOUTENNHCTBA, Ooiee 3pheKTHBHBI
U TpeOyIoT MEHBIIUX 3aTpaT, YeM MEPONPHUATHS MO CHIDKEHUIO pajioHa B YKe
MOCTPOCHHOM 37aHUU. B HacTtosiiiee BpeMs HE CYIIECTBYET HOPMUPOBAHHBIX
METOJIOB pacueTa HEOOXOIMMBIX apaMeTPOB U OMpeAENCHUS ONTUMAIBHOTO TUIIA
MPOTUBOPATOHOBOM 3auuThL. [Ipoiierypa 3Toro BeIOOpa SBIASETCS IBPUCTUUECKOMN U
B KaXJIOM CJy4yae OCHOBaHAa Ha aHaju3e M KaueCTBEHHOH OIleHKe psjaa
0OCTOSITENIBCTB.

KuroueBble cioBa: pajioH, 3amura, 6€30MacHOCTb, BEHTUIIALINS, TPaXIaHCKOe
CTPOUTENBCTBO, ACATEIHHOCTD.
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1 INTRODUCTION

According to the sanitary rules "Sanitary and epidemiological requirements for ensuring
radiation safety", when selecting sites for the construction, residential houses and social and
residential buildings are assigned to the areas with a gamma background not exceeding 0.3 uSv/h,
and with the density of the radon flux from the surface of the soil is not more than 80 mBg/cm?.
According to p. 320 — in the building design a radon protection system (monolithic concrete pillow,
improved insulation of the basement floor, etc.) is provided for the construction of a building on site
with a radon flux density of more than 80 MBg/cm?.

The purpose of anti-radon protection of buildings is to ensure compliance with the requirements
of p. 4 subpar. 29 of the sanitary rules "Sanitary and epidemiological requirements for industrial
buildings and structures, according to which the average annual equivalent equilibrium volumetric
activity of radon isotopes in indoor air should not exceed 100 Bg/m?.

In order to ensure the environmental safety of construction and increase the efficiency of the
use of territories, more and more attention is paid to natural radioactivity. According to numerous
studies of domestic and foreign scientists, the main radiation background on the planet is created by
natural radiation sources, in particular, radon, which constitutes a significant (up to 60% or more) part
of the total radiation dose.

The average world dose of irradiation of people due to all natural radiation sources is about 2.4
mSv/year with a typical dose range of 1.0-13 mSv/year.

The following values of effective doses characterize the relative degree of radiation safety of
the population from natural radiation sources: at a dose of less than 2 mSv/year, it is considered that
the irradiation does not exceed the average dose values from natural radiation sources; from 2 to 5
mSv/year - the irradiation refers to increased; more than 5 mSv/year — to a high level.

The main contribution to the irradiation of the population by natural sources of radiation is
made by the short-lived isotopes progeny in indoor air (60-70%) and external irradiation (20-30%),
while the remaining ones account for up to 10% of total doses. In 1988 the Congress of the World
Health Organization and the International Agency for Research on Cancer, on the basis of numerous
studies, recognized that the intake of radon into the human body is dangerous and can provoke lung
cancer. Taking into account the fact that on average the urban resident spends almost 80% of the time
indoors, there is a need to pay serious attention to the problem of protecting the health of the
population from radon exposure in buildings.

2 LITERATURE REVIEW

With the acquisition of independence, Kazakhstan, using world experience, began to create the
necessary regulations to ensure radiation protection.

The regulatory framework of Kazakhstan in the field of anti-radon protection meets the
requirements of the International Committee on Radiation Protection (Tapalova, 2018).

Methodological recommendations on radiation hygiene, sanitary rules and sanitary standards
allow determining the concentration of radon gamma background of territories and premises provide
recommendations on examination and requirements for radiation safety.

In general, there is no information on the distribution of radon radiation in Kazakhstan, and
fragmentary studies by specialists in deliberately dangerous areas near developed uranium deposits
have shown that citizens live in territories where radon radiation doses are many times higher than
permissible, however, measures have not been taken by government agencies, citizens do not know
about their rights.

An analysis of scientific sources shows that in many developed countries there is currently quite
extensive information on the accumulation of radon, its distribution, diffusion, and emanation in
residential and office premises.
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Specialists in the field of radiation hygiene draw attention to the effects of radon in the
environment as an etiological factor of respiratory diseases, including lung cancer, especially in non-
smokers (Grzywa-Celinska, 2020; Lorenzo-Gonzalez, 2019; Al, 2018).

The concentration of radon in the premises is directly related to its concentration in the soils
under houses and used building and decorative materials (Pacheco-Torgal, 2012; Gandolfo, 2017;
Singh, 2016).

What are the methods and recommendations for radon protection?

Foreign researchers suggest using various insulating materials to protect against radon.
Moisture-proof or waterproof insulation laid over the entire surface of basement floors and walls in
contact with the soil can prevent radon from entering buildings from the soil. These types of insulation
can be considered as one of the most effective radon reduction systems in new homes (Hilka, 2001;
Zhuk, 2019; Finne, 2019; Arvela, 2014; Jiranek, 2004; Gaskin, 2021; Rahman, 2009).

The methods developed in the UK are mainly based on passive radon barriers, which are
inexpensive and easy to install (Scivyer, 2001).

Japanese experts have tested a membrane permeability method for removing radon from the air
using a hollow fiber module (Iida, 2001).

In multi-storey buildings, the main source of radon intake is Ra-226 in building materials. At
low air exchange rates, radon concentrations may exceed control levels. An increase in uncontrolled
infiltration of fresh air while maintaining a normal ventilation regime (the duration of periods of
active and passive ventilation) has a certain potential to reduce the concentration of radon in the room.
Technically, such a corrective measure can be implemented by installing additional air ducts in
enclosing structures, channels in window frames, etc. (Singh, 2016; Tejado-Ramos, 2024).

Thus. It can be concluded that radon protection methods are scattered and insufficiently
developed in terms of efficiency and effectiveness in the situation, the relevance of developing such
methods increases with the widespread introduction of energy efficiency requirements in building
construction. It is necessary to understand that measures for anti-radon protection of a building,
carried out at the stages of its design and construction, are more effective and require less costs than
measures to reduce radon in an already built building.

3 MATERIALS AND METHODS

When solving tasks of anti-radon protection of buildings, radon sources are objects from which
radon directly enters the premises regardless of the nature of its appearance in these objects. The
presence of radon in the air of a room may be due to its intake from the following sources:

—soils under the building;

—fencing structures made with the use of building materials from rocks;

—outside air;

—water from the building water supply system;

—fuel burned in the building.

Mechanisms and ways of radon entering the building. The average world values of volumetric
activity (concentration) of radon in the outside air at a height of 1 m from the surface of the earth are
from 7 to 12 Bg/m? (background value). In areas with saturated radon soils, this value can reach 50
Bq/m?. There are areas where the radon activity in the outdoor air reaches 150 or more Bg/m?. With
the construction of the building site area is isolated from the surrounding space, therefore radon
released from the underlying ground under the building can not be freely dispersed in the atmosphere,
penetrates the building, and its concentration in the air of the premises becomes higher than in the
outside air.

The inflow of soil radon into the premises is conditioned by its convective (along with air)
transport through cracks, cracks, cavities and openings in the enclosing structures of the building, as
well as diffusion transfer through the enclosing structures.

The main ways of radon entering the building are shown in Figure 1.
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TRYHT

Figure 1 — The main ways of radon entering the building: 1 — isolation from the materials of enclosing structures; 2 —
seams and joints between elements of enclosing structures; 3 — cracks and voids in the enclosing structures; 4 —
openings for building utilities in the underground part of the building and basement floor (author's material).

It is necessary to understand that the measures for anti-radon protection of the building, carried
out at the stages of its design and construction, are more effective and require fewer expenses than
measures to reduce radon in the already constructed building.

At present, there are no normalized methods for calculating the required parameters and
determining the optimal type of anti-radon protection. The procedure for this choice is heuristic and
in each case is based on the analysis and qualitative assessment of a number of circumstances. The
effectiveness of a solution of anti-radon protection depends on how in each specific case these
circumstances and the types of technical solutions used combine.

The most effective combination of several technical solutions of anti-radon protection in one
construction. When choosing technical solutions for anti-radon protection, it is recommended to
consider the following factors and circumstances:

The intensity of radon emissions in the construction site. The higher the intensity of radon
emissions from the ground at the construction site and the lower the allowable radon content in the
building's premises, the higher the effectiveness of anti-radon protection.

Depth of the building. The greater the depth of the building, the higher the probability of
increased radon supply through the floor and the basement walls.

Characteristics of the geological section. In the case where the upper layers of the geological
section are composed of dense, low gas permeability rocks, their removal during excavation can lead
to an increase in radon load on the underground part of the building.

Ground water level. With a high level of groundwater and the need for a drainage system, it,
having the properties of a collector of soil gas, can have both a positive and negative impact on the
radon situation at the base of the building.

The purpose of the premises of the basement floor and the characteristics of its ventilation
system. At the device of poorly ventilated cellars and undergrounds the radon-insulating ability of
their floor and overlapping should be raised.

The layout of the openings for input-output of utility communications in the underground
enclosing structures of the building. The dispersal and large number of such openings increases the
likelihood of radon penetrating them through the building.

Quality of construction works. The radon-insulating ability of the enclosing structures depends
critically on the quality of the construction work. The use of poor-quality materials and the violation
of their technology can lead to zero effectiveness of anti-radon protection.

Recommendations for design

Ventilation of premises — The possibility of reducing the concentration of radon in indoor air
due to their ventilation by external air is limited by the maximum permissible (or economically
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justified) magnitude of the air exchange rate. Therefore, ventilation should be considered only as an
auxiliary tool, complementary to other solutions. The intensification of ventilation leads to an increase
in energy consumption for heating the building.

The best is a well-balanced system of supply and exhaust ventilation, providing the hygienic
reasons for the air exchange in the rooms and the minimum pressure difference between the basement
and upper rooms.

Impregnation — The sealing impregnating compound is a suspension or emulsion on bitumen,
latex, polymer, etc. basis. Impregnations are recommended to reduce the radon permeability of finely
dispersed materials such as clay and sand in unexploited subterranean buildings with a slight deeper
penetration.

Coating — Coatings can be used in the insulation device on the outer or inner surface of the
enclosing structure, as well as between its elements.

Membrane — Radon-insulating membranes are used in the construction of foundation slabs,
walls and floors of cellars of monolithic reinforced concrete or prefabricated reinforced concrete
elements to prevent radon transport through pores, cracks, joints and air cavities in these structures.

When the membrane is installed, it is important to ensure its continuity within the protected
area of the structure and the possibility of elastoplastic deformation during the movements of the
supporting structure.

4 RESULTS AND DISCUSSIONS

Barrier — The anti-radon barrier is made in the form of a solid, monolithic reinforced concrete
slab, which can serve as the foundation of the house, the floor or the ceiling of the basement. The
effectiveness of the barrier is greatly enhanced by creating the possibility for a free exit (natural
drawing) of radon from the ground beneath the building to the surrounding space. For this purpose, a
device is recommended under the barrier of the radon collector in the form of a layer of coarse-
grained, freely conductive gas of piling and a pipe serving for the discharge of radon from the piling
into the atmosphere (Figure 2).

Basement overlap

| Basement

or
Monolithic reinforced concrete

slab
Membrane from the roll of

waterproofing material

Gravel
Sandy soil
Priming

Figure 2 — Radon collector, membrane, barrier (author's material)

Depending on the area of the house, pipes in the gravel layer can be laid along the axes of the
protected area or along the foundations.

Depression of the soil base — The greatest effect of anti-radon protection of the building is
achieved with a depression (creating a low-pressure zone) of the basement floor basement.
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Depression is provided when the radon collector is supplemented with a special system of forced
exhaust ventilation, which is completely unrelated to the ventilation of the premises.

When using forced drawing, the effective operation of the protection system is ensured by
installing one underground pipe at a rate of 100-120 Bq/m® of protected area and using a low-pressure
fan with a capacity of 150 to 250 Bq/m?. Fans should have a sealed enclosure and be located in the
vertical part of the pipes as close as possible to the point of release of soil gas into the atmosphere.

It is recommended to mount the fan with removable fasteners and flexible hermetic connection
of the housing with the pipe. Installation of fans in the basement and other premises of the building,
except for the attic, is not allowed.

The soil is ventilated due to a natural stack effect and wind interaction with the exhaust pipe on
the roof of the building. If the activity of radon in the building exceeds the permissible levels, an
exhaust fan located in the attic can easily be installed on the existing air duct system in the building.
If the results of the study show that in an erected building an elevated level of radon is unlikely, or it
will be decided not to install a soil ventilation system, then after installing the pipes to connect the air
ducts to the foundation plate, their necks are carefully sealed. In this case, it is desirable that the
construction of the building allows, if necessary, quickly and economically to install the entire system
of exhaust or discharge ducts.

One of the most effective is the method of removing radon from under the floors of the first
floor. Air from under the slabs is diverted by means of special ventilation ducts outside the buildings.
At the same time, depending on the construction of the building, various air discharge schemes are
used (by placement of ventilation ducts and air ducts). Reducing the concentration of radon in
buildings allows the use of radon wells. The radon well is a well dug to a depth of 4 m at a distance
of 10-60 m from the house. A powerful fan is installed in the well, which removes radon from the soil
outside. Radon wells can reduce the level of radon concentration by 92% within 60 m from the well
provided high soil permeability. Reducing the concentration of radon allows the application of the
radon-collecting system under the foundation and the sealing of the foundation and overlap.

The principle of the radon-collecting system is as follows. In the space under the foundation
with the help of a centrifugal fan, air pressure is reduced compared to the rooms. At the same time
radon released from the soil is released into the atmosphere. The commissioning of the radon-
collecting system, consisting of five air intakes, allows reducing radon concentrations in the premises
of the first floor by 10 or more times.

5 CONCLUSIONS

In the presence of high radon concentrations in soils in order to exclude or limit radon intake
from the technical underground, cellar or basement of the building, special anti-radon measures are
necessary, including:

—ventilation of basement premises;

—screening of the basement using special materials (impregnation, coating);

—application of radon-insulating membranes and anti-radon barriers;

—organization of radon collectors;

—creation of a zone of low pressure (depression) of the ground basement of the basement floor;

—sealing joints, joints and openings;

—application of radon suppression systems;

—sealing cracks, cracks, communication openings of floor slabs of the first floor with the use
of self-adhesive, plastic, elastic, foaming, etc. materials;

—the device of special vapor barrier insulation above the basement, etc.

The above examples clearly demonstrate that the use of these or those measures effectively
reduces the radon and thoron content in indoor air. The choice of concrete measures is largely
determined by the amount of funding for repair and construction and ventilation.
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