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INTRODUCTION

Because in our days the majority of the populaspends its life (80%) in indoor
spaces, it is necessary to know the indoor airityual

Radon, a naturally occurring radioactive gas, darnss the most important natural
radiation exposure in many dwellings and contrisuteore than half of the total natural
ionizing radiation dose to world population. Ragomd radon progeny are present in the air of
dwellings, representing the most important contidyu to dose from natural sources of
radiation. After smoking, radon represents the séanost important risk cause of developing
of the lung cancer.

For this reason we proposed an adaptation of omawknmethod for radon
measurements in indoor air in dwellings, schoot$ kindergardens, etc.

Besides the unwanted effects on health radon cae agoositive effect too, if the
concentration is kept under certain limits. A pbsisy to use the therapeutic effect of the
radon is in the case of the mofettes where the atedrgas can contain important quantities
of radon

The thesis is structured in 7 chapters, which c¢onia presentation of my
achievements in a logic succession both a templesadlopment and a technical order.

Chapter 1 presents the nuclear radiation.

Chapter 2 presents the properties of radon, sowdsmigration of radon. In this
chapter was discussed the health effect of radenspecific measurements units used and
regulations related with the radon activity concatnns.

Chapter 3 presents the radon in different environtaldactors, in soil, in water, in air
(outdoor and indoor).

Chapter 4 deals with the details of methods of mag@asurements by instantaneous
and continuous measurement methods, based onedgiffegchniques. The chapter contains
also the solid state nuclear track detectors msthod

Chapter 5 presents experimental methods for stdi s\uclear track detectors. This
chapter is divided into five sections. In the fisgiction was presented the optimization of
measurements with CR-39 track detectors. In thergksection was measured and calculated
the optimal development time for CR-39 track detectDetermination of optimal placement
for track detectors is found in the third secti®he fourth section contains the presentation of

dependence of track density for the developed tdet&ctors depending on storage time. The



last, fifth section presents the intercomparisoradbn meter measurements with national and
international laboratory.

In the chapter 6 contains results about radon cdret@n in indoor air, dwellings,
schools, kindergarten. Also in this chapter wase@méed the results about measurements of
radon concentration in the mofettes, thermal spdssalt mines.

Chapter 7 is the chapter with conclusions.

CHAPTER I.
RADIOACTIVITY

This chapter includes the main disintegration mitdal and characteristics of the

radiations emitted (radiation alpha, beta and ganlso was presented the phenomena

occurring of the interaction between these raointiand substances.

CHAPTER II.
THE RADON

In this chapter has been studied the propertiesH,ces- migration of the radon, the
radon flux, the specific measurement units usedha detection of the radon and there
daughters and the national and international réigns used for the radon activity

concentration in different environments.

CHAPTER III.
RADON IN DIFFERENT ENVIRONMENTAL FACTORS

The main source of radium and radon is the sok fEdon quantity of soil depends on
radium concentration, on the structure of the aaill rocks respectively on physicals and
chemicals properties. On account of local spe@#ological structure the emanated radon
concentration varied from place to place. [29].

Generally soils in terms of the concentration adam can categorize as high-risk

areas, medium-risk areas and low risk areas.



The high-risk area is where the concentration dbnain the soil exceeds 50 kBg¥m
This includes those places where the soil is richutanium ( radium ), or has a high
permeability .

Medium risk area is where soil radon concentratiaries between 10-50 kBgfrand
has a medium permeability soil.

Low-risk area is categorized as soil where radomcentration does not exceed 10
kBq / m3 and the soil has low permeability.

The content of radon into the pores depends orcémeentration of radium atoms
fraction and from the soil surface soil particleststhat radon atoms formed by the decay can
escape into the pores .

Radon exhalation on pores to the air is influencgdhe pore size of the particles of
soil, soil moisture , temperature and pressure .

If the space between the pore is with water, thar&tion of radon from the ground
becomes more difficult, and is dependent on th® fa¢tween the water/gas volume and
temperature.

In general the mineral and geothermal waters haye ¢oncentration of radium and
radon. These waters are used in spa treatmentdugng an additional irradiation of the
patient and medical staff. The water used in theskbold may be one of the factors that can
contribute to the radon concentration of the rotirs therefore important to study the radon
concentration of water .

For exterior air, the concentration of radon in #Hieis heavily influenced by local
momentary value and the flow of radon from the aoil the movement of air masses in the
atmosphere directly related to weather conditions.

An analytical treatment of the problem of radorekterior air distribution must take
into account all these parameters.

When the radon emanates from soil into the extedor fast diluted and its
concentration decreases with increasing heightabiwe ground .

Indoor radon concentration mostly depends on tmeentration of radium in the soil
below the building, physical and chemical paransetérsoil, building structure, methods and
frequency of ventilation , meteorological factgpsessure , temperature, humidity ) .

The main source of indoor radon is the soil unither building . In general , the
concentration of radon in the room has a sourpprax. 60 % soil, approx. 20 % of building
materials , about 18 % outside air. Water consuwmptontributes about 1.8% and gas

consumption by less than 1%.



The second main source of indoor radon are thi&libgi materials. The classical
building materials (clay, sand, stone, granite, ptontains natural radioelements in different
concentrations, depending on place of origin.

In the last years there have been experienced ame produced a series of new
construction materials that tend to replace théssss.

The radon emanation in dwellings depends on théhgeaondition to.

CHAPTER IV.
RADON DETECTION

Chapter 4 deals with the details of methods of mash@asurements by instantaneous
and continuous measurement methods, based oredgiffiechniques.
The chapter contains also the solid state nudtaek tletectors methods.
The radon measurements can be grouped:
» direct or indirect measurements (after detectinghal particles from radon and
progeny) ;
» active and passive methods after measuring tecégsiqu
» after sampling methods ( the sampling instant samgbntinuous days or weeks or
integrated measurements )
» by type of detector used ( ionization chamber, ulls, track detectors, etc. ) .

In radon measurement the most frequently detecogsmostly used is: ionization
chambers, scintillation cells, semiconductor detet detectors with carbon, electric
detectors, solid state nuclear track detectors.

Solid state nuclear track detectors

The solid state nuclear track detectors (SSNTD)epeesented by traces of plastics or
polymers that are able to leave detectable tradwesnipact of alpha particles through their
surface [ 67 ] . The materials most commonly ugedcallulose nitrate represented by ( LR -
115 ) and plastics ( CR - 39 and Makrofol ).

This type of detector is used heavily in long-tgrassive measurements , the technique
being used lately in this direction [ 60-62 ] .

To build a model to describe the occurrence of mamksolid track detectors, account

should be taken of properties that have been obdarxperimentally [ 70 ] .



It is known that a heavy particle loaded, goingotlyh some material, most of its
energy is lost through ionization and excitatioratfims in the material.

A very small percentage of energy loss due to iel@stlisions with the atoms of the
material. Energy ceded almost all the materialdeverted into heat, so the trajectory of
particle material will suffer a mild heat shock .

Currently used theory is the ion explosion theofydn explosion spike ") [74] . After

the pattern formation mechanism of the trace isvshio Figure 1 .
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Figure 1.: Schematic diagram of the polymer chains breakieg#metration of heavy
particles loaded

Throughout its trajectory charged particle heavglids material ionizes atoms.
Rejecting electrostatic forces will deploy occugrifonizing atoms, thus creating a large
number of vacancies and interstitial defects. Tgrizcess will occur only then if the load
space than the particle trajectory does not drapkbu(ex. by recombination of electrons)
and if the forces are large enough to be abledlodiye atoms .

Primary tracks can be studied only complicated wabtffor example, transmission
electron microscopy) structural changes which dogious matter, located in the small
domain . The chemical methods such marks can be wiatble using optical microscopy |[
75].

Each chemical treatment method is based on thetHfatthe rate of solubility of the
material is larger than the damaged area of thiattad at the point where the radiation has
been reached. After chemical treatment, primargksawill appear instead of small cone-
shaped holes that with advance chemical processneiease and become more flat. This

process can be pursued in the next Figure 2.
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Figure 2.: Characteristic of development of SSNTD

The materials most often used to track detect@palymers .

The CR-39 track detectors material is plastic, lalliglycol, and it is sensitive to
radiationa , between 0.2 to 8 MeV energies which [ 73.75] .

The technique used is: the detector is stuck imallsplastic box, called Radapot, or
Radamon. The box is provided with apertures to gethm entry of radon in its interior. The
box Radamon has a special paper inside coatingltes not let in air radon progeny, instead
radon enters by diffusion , in a proportion of 95Phe radon progeny decay stay inside the
box , it will land on its walls crumbling before74 ] CR -39 detector will detect both
particles emitted by radon and its progeny onasis

CR -39 detector will detect both particles emitted by radon and its progeny those
issued [ 70 ]. The following figure ( Figure 3 )eavisible traces of alpha radiation produced

material trace detector CR -39 .
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Figure 3.: Fission fragments and tracks in the deteat@R -39



The number of track in the material of detectot thidl appear will be proportional to
the concentration of radon in the box and shufteed. Of the tracks, based on a calibration
can calculate the concentration.

A very important issue that arises in all theseedetrs or dosimetric equipment used
in their calibration is to be used in actual meaments and to be able intercomparasion
results of all measurements made in different regiaf the world by different laboratories

CHAPTER V.
EXPERIMENTAL METHOD

Chapter 5 presents experimental methods for stdid s\uclear track detectors. This
chapter is divided into five sections. In the fisgiction was presented the optimization of
measurements with CR-39 track detectors. In thecBa was measured and calculated the
optimal development time for CR-39 track detect@rstermination of optimal placement for
track detectors is found in 3-me section. The A4tigeccontains the presentation of
dependence of track density for the developed tdatkctors in function of storage time. In
the last 5 section was presented intercomparisgadiin meter measurements with national
and international laboratory.

Solid state nuclear track detectors (SSNTDs) haen lused for a long time for radon
measurements. Every detectablparticle produces in a SSNTD a single trail of dgm
which, after chemical enlargement turns into narrcvannel and is made visible under
microscope. SSNTDs exhibit different sensitivitisgme of them are sensitive to alpha
particles in the energy range of the particle exdithy radon and his progeny. Mostly, these
SSNTDs are cellulose esters (nitrate and acetatd) polycarbonates like bis-phenol-a
polycarbonate and CR-39.

RadoSys2000 device has a comprehensive set of tedgned to work radon

concentration measurement integrated over timgu(gi4) .
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Figure 4.: Device RadoSys 2000 (right), the box Radapot feeater CR-39 (top left corner)
device for detectors development (bottom left corne
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The latent tracks can be etched with help of aablet etching solution of NaOH,

under controlled conditions (temperature, time atwthing concentration). (Figure 6).

In this study was used CR-39 track detectors etalhegading by a Radosys system in
our laboratory. Etching conditions that is usedthrs device are: NaOH of 6.25 molar,

temperature ST
The radon concentration was calculated after alsimguation:

1)
where:
Crn- radon concentration calculated, [B4Im
p- track density, [track/mfi
Fc- calibration factor, [kBgh/i(tracks/mnf)]

t- exposure time, [h]

In use of track detectors, as with other measutiegjces, calibration method is very

important.
To correct measurement of radon concentration usauk detectors need to know if

the method we use is correctly applied. If tracted®srs must verify the following :

A. development time
B.  correct positioning of the detectors on site enaglesvhere we want to measure the

concentration of radon
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C. Track density dependence and track detectors deseldepending on storage time

Calculating the optimal development time

The experiments (three experiments methods) werdenad the Interdisciplinary
Research Institute of the Babes - Bolyai Univerdigculty of Environmental Sciences, Cluj-
Napoca.

In the experience was track detectors and the megsdevice, Radim 3A. This was
placed in radon chamber with a radon source.. (Ei§y

Radon chamhef .:f

Radon source
(concrete plates)

Measurement samples
{TL[I+(:han:aua_l}_ i

Figure 5.: Radon chamber used for experience

To check the radon concentration using track detecshould be checked if the
concentration found is what exists (measured bgratrethods ).

Because radon concentration measured with traglctbes is based on measured track
density (Formula 1) in the device , we need tovkmdhether the number of tracks is correct.

For this, the first thing is to know whether thetettor is developed in an appropriate
time. The precision of measurements of track detect was check in several ways.

A). The track detectors were introducing in the radeamber with Radim device and
with source of radon. Time of exposure was 8 daysievelopment of detectors we start at
concentration of NaOH solution (c=6.25mol, t29D Were studied detectors at different
times of development, at 3,5h, 4h, 4,5h, and Shable 1 is presented the results. Every
detector was measured at 5x.

11



Tabel 1.: Average, Geomean and the median of radon contientia function of

development time

tdevelopment 3,5 4 4,5 5,5
(h)
<Crp> 29641424 3275174 3734,625+303 3383,875+29
(Bg/m®)
GEOMEAN 2934 3271 3724 3372
MEDIAN 3168 3334 3740 3338

The optimal development was4gh. (Figure 6).
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Figure 6.: Radon concentration distribution in function of/dlpment time

In figure 7 is the saturated curve for developnigneé.
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Figure 7. : Saturation curve in function with development time
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In the three experiments and methods to the naroeditions experienced during

optimal development time, at 4.5h.
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Determination of the ideal location positioning track detector

A). Under radon chamber was fitted with the device Radis control device, eight
detectors. The radon source was a special conaittteradium and cesium. The exposure
time was seven days. They were placed under radlamlzer for concretize the optimal
positioning and closing for the detector chambédisus two detectors were placed in a
vertical position with tight lid, 2 in a verticalopition with not tight cap. The others for
detectors were positioned conversely. The restdtsnathe table 3.

Tabel 3.: Radon concentration measured with detectors indifferents position

Detector Detector position Track density Crn
(track/mm?) (Bg/m®)
B71061 Normal, tight 9,227 2557
B71020 Normal, tight 10,662 2955
B71082 Normal, not tight 11,303 3132
B71083 Normal, not tight 13,739 3807
B71075 Overturned, tight 10,581 2932
B71071 Overturned, tight 11,289 3128
B70998 Overturned not tight 14,180 3807
B71019 Overturned, not tight 13,554 3756

As can be seen from the results, it was differencthe cases. In the case when the
detector chamber was tight the radon concentrdtigress then 1,26 times. In the case when
the chambers were overturned, the difference betwercentrations measured with detectors
tight and not tight was lower then 0,8 times.

Depending on the positioning of the detectors cleas)bnever came to measured
concentrations, a significant difference. In thghtichambers cases, the difference between
normal/overturned position was 0,91, respectivaly the not tight cases, the difference
between normal/overturned was 0,92.

The radon concentration measured with Radim was3271Bqg/ni.

B). The CR-39 detectors can put in differences deteathambers: radamon, radapot
etc.. One of the experiments is that under radamtler we put with Radim aparat, detectors
in differences chamber types. (figure 8), 5 detefdpeach.

13



RSE RSF-long RSF-small
Figure 8.: Detectors chamber used at experiment

The average concentrations were: for the RSE typg><521(Bg/ni), for RSF-long
type <G>=619(Bg/m) and for RSF-small <§>=520(Bg/nf).

The radon concentration measured with detectotBerRSF-long chambers show the
same results as the Radim device.

Track density dependence and track detectors devegded depending on storage time

The reuse of chambers for the exposure of detettassbeen experimented. In this
study we have used detectors introduced in new blesnrespectively in chambers already
exposed.

After developing and reading track detectors CR-8% radon concentration is
presented in figure 9.
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)
S
ol
]
(o]

4000 A
3500 A
3000 A
2500 A
2000 A
1500 -
1000 +
500 A
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Concentratia de radon {Bg/m*

1 2 3 4 5 b 7 8 9 10
Numar detectar

Figure 9.: Radon concentration measured with different deteathambers

The results show a difference between the cond@rsmeasured with detectors
placed in new chambers and those measured witbtdeteplaced in already used chambers.
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In the case of the new chambers the average vékaglon has beeB562Bg/n?, and in case
of the used chambers the average concentratiod ¥&1Bq/nT.

The detectors in the already used chambers hawenshdarger concentration than in
the cases of detectors placed in new chambers. eKpéanation is that the previous
measurements left some radon descendants on thehavalls, which still radiate. One can
also observe that 10 detectors have shown mordasimoncentrations, with a standard
deviation of +206 (~5%).

In case of the detectors exposed in the new chanthee concentrations are smaller,
but more spread (standard deviation of £810 angbé&neentual standard deviation of 9%).

As it can be seen on the chart, the radon condentreegistered by the detectors in
different chambers does not defer much from thatsueed with the Radim device.
Nevertheless, there are differences and if we eecduthe aging phenomenon, the
measurements would bring to our attention the ingmme of reusing the old chambers (for
exposure), due to their contamination especiallytha case of first exposure to large
concentrations and then the reuse for smaller cdratens.

TRACK DENSITY DEPENDENCE OF THE DEVELOPED DETECTORS
DEPENDING ON STORAGE TIME

As track detectors are generally used to measwenran dwellings, for the same
exposure conditions a large number of detectors umed. Exposure is followed by
developing, storage and reading of detectors.dfdatectors are not well washed and dried
with distilled water, on their surface there camamn NaOH solution. This fact can lead to the
deepening of tracks. On this account there iskathigt the results obtained might not be real.

To check the reaction in time of the developecedets, the detectors exposed in
closed spaces have been analyzed. These have éagnmmediately after developing,
respectively after 5 months.

71,42% of the detectors, if read later, have shtasger concentrations, 42,86% had a
deviation larger than 10%.

These results show the fact that there is a commmebetween the developing period and
storage time of the detectors. Unfortunately teis)ot favorable for the late reading of the
already developed detectors.

15



INTERCOMPARISON OF THE RADON MEASURING DEVICES

Through several intercomparison experiments ohteéhod of track detectors type CR-
39 with other measurement methods used for the uriagsof radon indoors, the efficiency
of the reading device of the research laboratosyldeeen checked.

In order to establish the measurement performahaedoor radon, the measurements
have been carried out using several specializedce®vbelonging to the laboratory
(Alphaguard, Radim, Luk 3A, Ramon, Charcoal, trdekectors CR-39).

The standard deviation was in the range betweezf6-1

During several interlaboratory tests (IFIN-HH, Baobst, Romania; Pannon University,
Veszprem, Hungary; Institute of Radiological Scenof Chiba, Japan) the aim was the
perfectioning of the method of track detectors (R-3vith the target of reducing
measurement errors.

Through all experiment methods the use of solidestaack detectors has been
perfectioned.

CHAPTER VI.
INDOOR RADON

THE ACCUMULATION OF RADON IN INDOOR AIR

While the average radon concentration in the fremoaphere is of 8 Bgffn in
buildings the concentration levels are higher (02Bq/nT) and they can reach very high
levels, a few thousands Bdii80].

The accumulation of radon in closed spaces depamdlse main radon source, which is
the soil beneath the building. Next to this, itoaldepends on the physical and chemical
parameters of the soil, the structure of the bongdihe method and frequency of ventilation,
the heating of the building, weather factors (atpmesic pressure, temperature, and relative
humidity). One has to take into consideration amaase of the radon concentration due to the
fact that the inhabitants save energy by insulathmeg buildings. The changing of regular
windows with thermopane windows, the good insutatid the walls lead to the accumulation

of radon concentration, the natural ventilatiomiganuch reduced.
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If the materials used for the foundations beconge aiacks can appear, through which
radon can find its way easily. A solid foundatiorsulates very well and can reduce the
diffusion of radon from the soil.

The indoor radon concentration also depends omdlisehold activities and first of all
on the ventilation (natural ventilation) of thegases. If we ventilate with windows and doors
open, the radon concentration will be reduced ¥2QA3ninutes to the concentration level of
the outdoor air. (figure 10) [81].

aetisire de 10-15
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40,00 b i N I
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1405, 1503, 15.059. 17.08. 15.03.

Figure 10.: The radon concentration and the ventilation result

Due to the multitude of factors that influence thdon concentration in dwellings, it is
very difficult to determine the representative \ealf radon concentration. That is why the
radon concentration is evaluated through the anaveage of the concentration, eliminating
the daily and seasonal fluctuations. For the cataut of the annual radon concentration in

closed spaces calculation formulae are used [82].

CRn annua‘t_'0175' Gzn winter (2)

where:
Crn annuat @nual radon concentration (Bg)m

Crn winter radon concentration measured in winter seasofBq

17



CRn annua‘t_‘115' GQn summer (3)
where:
Crn annuat @nual radon concentration (Bg)m

Crn summer radon concentration in summer season (Bj/m

In closed spaces, residential or public, it is adible to use solid state track detectors for
the measurement of radon concentration.

The selection of locations for the radon measurmg take into account the
geographical and geological factors.

In the study of radon in dwellings and public ingibns, the areas of interests have
been chosen so that the study covers both plain (8are, Galg, Bucharest), and hilly areas
(Alba, Cluj, Bistrta, Murs, Sibiu), respectively areas with mountains (Bil®orj, Prahova,
Covasna, Harghita).

Figure 12 presents the map of Romania with theietiuaieas.

Legenda

- Concentratia de radon
n spatii rezidentiale si institutionale

Botosani

7/2; Concentratia de radon

n incinta bailor termale

Concentratia de radon in saline

- Concentratia de radon in mofete

Waslui

Figure 11.: The map of Romania with the studied areas
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In this study we have measured the radon concearirat 15 counties of Romania, in
dwellings, schools, mofettes, thermal spas, sattemilba county-housesBaciu county-
schools,Bihor county-houses and thermal spaistrita Nasaud county-houses,Brasov
county-houses, Bucharesthouses, Cluj county-houses and school€ ovasna county
mofettes,Galati county-housesGorj county-housesMehedinti county — thermal spas and
mines,Mures county-mine, Satu-Mare county-schools,Sibiu county-houses and schools,

Prahova countymine).

For the measuring of indoor radon we have usedl stéte track detectors CR-39,
exposed for periods of 2-3 months. The method afktrdetectors represents a convenient
solution which allows the supervision of radon farlong period in residential and

institutional areas.

This method has been validated by the National ¢tagical Protection Board
(NRPB) and by the American agency EPA [83, 84].

According to the NRPB measurement protocol, titeaers have been placed in the
populated areas of the houses, such as bedroombvemgdrooms, on a height of 1-1.5 m
from the ground, in order to detect the indoor radoncentration. The investigated houses
have only one stored.

The developing in the laboratory and the autonraaling of the registered tracks has
been carried out with the equipment RadoSys-200€k(®nika, Budapest, Hungary), under
optimal conditions.

The exposure data resulted directly from the memsents have been corrected by
applying the seasonal corrections, thus obtainiiegannual average values of the activity
concentrations of radon. [82]

In order to check the behavior of the solid stedek detectors, they have been placed
in other locations as well, different from the divejs, in thermal spas, salt mines,
respectively mofettes.

The results obtained in this study are presemteldd subchapters below.
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Measuring the radon concentration in dwellings

After analyzing the results obtained following #tadies carried out, it can be specified
the fact that the use of track detectors is retffiveasy for the measuring of radon
concentration in closed spaces, both in dwellingd & educational institutions. Their
advantage is that they can be used for simultane@asurements.

From the results obtained it was possible to $pdloe most frequent concentration in
the studied areas, taking into account the fact #naas having different geological and
geographical forms have been chosen, with a vaoieypuses constructed.

In order to determine the radon concentrationdwellings and public institutions 906
detectors of type CR-39 have been placed.

In table 8 and figure 12 the values of radon catre¢ions are presented, measured with
track detectors CR-39 in indoor spaces in Romania.

Tabel 4.: Radon concentration in the studies area

Frecvency| Alba | Bacau | Bihor | Bistrita | Brasov | Bucuresti | Cluj | Galati | Gorj | Satu | Sibiu
Mare
0-40 1 1 52 28 5 3 44 0 9 0 11
41-80 2 5 66 44 33 8 68 4 6 0 19
81-120 3 3 47 24 34 4 34 2 2 5 6
121-160 | 4 2 30 9 27 1 16 4 2 9 2
161-200 | 2 2 12 8 21 0 9 0 2 1 3
201-240 | 1 2 12 5 16 1 10 1 0 4
241-280 | 2 6 0 14 2 3 1
281-300| 1 7 1 6 1 9 1
>300 1 18 2 30 9 1
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Figure 12.: Radon concentration distribution in the studiezhar

In the 906 measurements in the areas studied in thé%adon concentrations were
<40Bg/nt, 28% fell into the range 41-80Bgim18% were between 81-120Bq/niThe
maximal annual values have been registered in Bilwamty, the locality o§tei (1604Bq/m)
and in the county of Cluj, the locality of (1127Bt).

The European Commission recommends the value 360888] as the maximum
allowed activity for residential radon. Accordirmgthe results obtained in only 86 cases of all,
approximately 9,5% of the examined dwellings hamecentrations higher than these values,
being required the application of some reparatimhniques.

It has been proved that the vibrations resultingnfthe intense traffic have emphasized
the accumulation of approximately 50% more radommared to the radon concentration
measured in an area with less traffic. In ordelbdcable to demonstrate this, we have placed
detectors in dwellings situated exactly next tadswith intense traffic (the international road
E81) or with less traffic (the locality of Unireidne county of Alba).

If a road is very busy, it is obvious that the wifions will contribute both to the
acceleration of diffusion through the pores, anthtotransport through cracks and holes. This
fact can lead to the more emphasized accumulaficedon in dwellings situated exactly next
to the road. Figure 13 presents the measuringgoint
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Figura 13.: Map with the measured pointslimirea, county of Alba

The values obtained in dwellings in the period Mape and October-December in
the locality of Unirea, county of Alba are presehie table 5, respectively figure 14.

Tabel. 4.: The radon concentration measured in homes, Ur@reanty of Alba

Nr. | Detector cod p Crn Canual Studies areas
[trackkmm? | [Bg/m?* | [Bg/m?|
1 D38504 5.62915 178 267 intense traffic
2 D38530 5.54368 182 273
3 D38528 6.37701 202 303
4 218679 15.2054 297 223
5 218519 8.22173 148 111
6 216614 19.5194 385 289
7 218632 12.0328 229 172
8 218769 11.4524 217 163
9 D38532 0.77872 25 38 less traffic
10 D38506 1.35565 43 65
11 D38531 2.93684 93 140
12 218205 7.31251 125 94
13 218641 9.07293 169 127
14 D38527 2.93684 93 140
15 D38510 2.6377 84 126
16 D38507 2.10351 67 101
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Figure 14.: Radon concentration distribution in Unirea, Counitylba

From the data obtained it results thag.G=38Ba/nT, Crama=303Bg/m, <Cgn
anuaP=165Bg/ni, the geometric average being 144BYand the median 140.

The most frequent concentration is situated inrérege between 121-160Bgfrim
23,52% of the cases. Then follows a percent of5£8,1 the range between 81-120Bd/m
The ranges 41-80 Bqfin161-200 Bg/m and 241-280 Bg/fappear in 12,5% of the cases.
Values above the maximum concentration allowedHeyEU, that of 300Bqg/i[28], have
been found in 6,25% of the cases. The annual awevhgadon concentration in the area of
very busy streets has been of 225Bt/and that for isolated areas of 104Bg/ih has been
proved that the vibrations resulting from intensdfic emphasized the accumulation of radon
with approximately 50% more compared to the radoncentration measured in isolated

areas.

The measurements carried out in the are§tei, the county of Bihor, respectively
Cluj-Napoca, the county of Cluj have demonstratedldontribution of construction materials

in the accumulation of indoor radon concentratiime results are presented as follows:

Measuring radon in the houses o$tei, the county of Bihor

The locality ofStei and the studied area is situated in the coahBjihor, on the banks
of Crisul Baita. Figure 15 presents the map of the respectivgewitd the localities where the
radon concentration has been measured. In theyvall€risul Negru, at approximately 25
km from the town ofStei, a large uranium deposit was discovered in 194®Baita, the
county of Bihor. It was considered the largest wmandeposit of the country. In this place
uranium was exploited in the period between 1950020
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The uranium mine is situated uphill the villaggit, this being the nearest populated
area. In some villages likeaBa Plai, Nucet, respectively the town $tki there are dumps

resulted from the mine. Some dumps contain uranaste.

mina uranifera
Avram lancu

HM - halda minereu
Hs - halda steril
w1 - cale ferata

Petrileni

Varzarii de Jos

Crisul
Baitei

Baita Baita Plai
HS

Figure 15.: Map of Stei area, County of Bihor

Along with the development of this area new houappeared, built also from
materials from the waste dumps containing uranidimauxiliary factor is represented by the
use of construction materials coming from the iveel of Crsul Baita: foundation stone,
gravel, sand. In these dwellings not only the &aheath the house influences the radon
concentration, but in a great measure also thetwanti®n materials used.

The measurements started in 2003-2004. In wintee,tduring 4 months, in the first
phase 24 detectors were placed in 8 localitiekeraredtei-Baita.

In the campaign 2003-2004 dwellings were chosenwloth it was known from
previous measurings that they had large radon obrate®ns. [86]. Some of the studied
buildings had been constructed with waste fromBiiga mine.

In the campaign 2006-2007 the studied area was@ste The measurements were
carried out not only in the dwellings constructeithwvaste from the BHta mine, but also in

those made of brick. The minimum radon concentnati@s 11Bg/my and the maximum

1604Bq/m.
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Tabel 5.: Indoor radon concentration measure@tei-Baita area, county of Bihor

PerIOde C:anin. Canax. <C>anua| GEOMEAN MEDIAN
(Ba/m®) | (Ba/m’) (Ba/m®) (Ba/m®)
2003-2004 92 1988 410 277 228
(24 measurements)
2006-2007 11 1604 150 93 89
(255 measurements
Total 11 1988 172 135 95
(279 measurements)

The difference between g anuF410Ba/nt, respectively the geometric average of
277Bg/n? (campaign 2003-2004) and that 0§:Gnua150Bg/nt, respectively the geometric
average of 93Bg/fh(campaign 2006-2007) is due to the fact that enftfst campaign there
had been selected only houses built with waste ftben Biita mine, and in the second
campaign there were chosen also houses made obfickf
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17,54
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Figure 18.: Lognormal distribution for indoor radon concenwatin Stei-Baita area, county
of Bihor

For the are&tei-Baita, from the data held, it results a double logndmistribution,
with two maximums. The first maximum is charactiécidor the brick houses, the second

maximum for the dwellings built from materials waHarge content of radioactive mineral.

25



Radon measurements in Cluj-Napoca, the county of Gj

In order to determine the radon concentration ie #wr of closed spaces, track
detectors CR-39 were placed in dwellings in Clupbiea, 86 houses, respectively 34 blocks
of flats. The studied area was divided into neighthoods (figure 19). In this study the
detectors were exposed during 200-210 days in thehm June 2007 — January 2008.
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Figure 19.The studied areas in Cluj-Napoca, county of Cluj

When choosing the dwellings, the materials usathdwonstruction were taken into
account. The materials used for the constructioim®houses and of the blocks are presented

in figure 20.
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Figure 20.: The materials used for the construction of theskswand of the blocks
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The most frequent material used both for housed,fanblocks of flats was brick,
followed by the combination concrete-BCA. The conabions brick-stone, brick-BCA,
respectively BCA and stone were used only for tloeiskes. The blocks of flats were
constructed only of brick, concrete or their conalion.

From the 86 houses studied, 50% (43 houses) wade of brick, 1.16% (1 house) of
dirt, 3.5% (3 houses) of stone, 9.3% (8 houseghefcombination brick+BCA, 8.14% (7
houses) brick-concrete. The combination brick+stamas used in 10.5% (9 houses) of the
cases and 17.44% (15 houses) were made of conBefe+

The radon concentrations separated for construgtiaterials are presented in the

table below:

Tabel 6.: Radon concentration in function of constructiortenal

Construction Nr. houses CRrnmin anual CRnmax anual <Crn anua
material [Bg/m? [Bg/m? [Bg/m?]
brick 43 17 1119 181
dirt 1 345 345 345
stone 3 47 423 203
brick+stone 9 41 1127 345
brick+concrete 7 15 144 100
brick+BCA 8 72 227 124
concrete+BCA 15 35 497 125

The highest concentrations have been measurechanhbuses made of brick
(1119Bg/ni) and the combination brick+stone (11127B%/nThe lowest values have been
measured in houses made of brick (17Bg/m3), resedgtthe combination brick+concrete
(15Bg/nT). The two highest concentrations have been meastne houses from
neighbourhoods situated next to each other (Budgard Mirasti).

The most frequently seen radon concentration fatts the range 41-80Bg/inthat is
in 26.8% of the cases, 12.8% between 0-40Bg20% above 81-120Bgfinin a percent of
9.3% there were concentrations between 121-1608d/18% for 161-200Bgq/fh respectively
for the range 201-240BqgfmOnly 17.4% of the cases exceeded the concemtrhaigher than
300Bg/n?, the maximum allowed by the EU [28].

Knowing that the most important source of indoadara is the soil, the study has
analyzed the way in which the concentration of gas varies with the increase of the level.
In this sense track detectors CR-39 have been ¢late34 blocks of flats in several
neighbourhoods of Cluj-Napoca. In each constructienfollowing exposure procedure has
been used: in each block of flats, in the sameaané, on the same column, one detector has
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been placed, one meter above the ground levehree different levels (on the ground floor,
1% floor and ¥ floor).

In figure 21 one can observe the fluctuation oforadpright. In all the 34 blocks of
flats the radon concentration decreases with d#ituconfirming the theory from the

specialized literature.
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Figura 21.: the radon concentration decreases with altitude

Table 7 presents the average radon concentratioriewgls, depending on the
construction material used.

Tabel 7.: Radon concentration measured on levels in funafaonstruction material used

Level <CRnanua|> <CRnanua|> <CRn>br|Ck/<C Rn>COﬂCrete
brick concrete
[Ba/m’] [Ba/m”]
parter 82 105 0,8
etaj I. 40 48 0,8
etaj III. 28 31 0,9
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One can notice a liniar decrease, depending ofetled, both in the case of blocks of
flats made of brick, and of those made of concrétee radon concentration decreases
approximately 50% on a level. There is no signiftcdifference in radon concentration

regarding the construction material (table 7).
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Figure 22.: Logaritmic distribution in county of Cluj

Figure 22 demonstrates that the radon concentratiows a lognormal distribution.
The most frequent concentrations fell into the eamgtween 41-80Bgfin These values
correspond to those measured in Transylvania [82}90].

The measuring of radon concentration in schools ankindergardens

In the last years, the problem of environment quaégarding closed spaces (offices,
dwellings, schools) has become extremely importastjt can harm our health. Children,
teenagers are the most affected by these polltdiziors [7], [9].

Knowing this, the aim of the study was the meaguohradon concentration in schools
in four counties: Bacéu (the town of Qhg Cluj (the city of Cluj-Napoca), Satu Mare (the
city of Satu Mare) and Sibiu (the town of Agnita).

The measuring points, in all the cases, have beleated so that schools be in different
areas (for example in the centre and in the ousskirthe city). It has been taken into account
the distance from busy areas. During the measuringsresearchers took into account:

location and ventilation of the classrooms, etc.
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Onessti, the county of Bacu

The radon concentration was measured in 15 sclamolskindergardens in the town.
The duration of measurements was one month inphiegs

As an average of these concentration, the valgd &c/m>was obtained, and for the
annual onel19Bg/m®. Crmi=29Ba/nT, Cramac=237Bg/nt, the geometric average was
103Bg/nt and the median 116.

The distribution of values is presented in figRre
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Figure 23.: Radon concentration distribution measured in sisholbOnati, county of
Baciu

The data obtained show that mostly, in 33.33% efdases, the radon concentration
falls into the range 41-80Bqfn20% falls into the range 81-120Bg/nin a percent of
13.33% each, the concentration has been betweerl80Bq/nt, 161-200Bg/m and 201-
240Bg/n’.

Following the processing of data, there were nlwes higher than the maximum
concentration allowed by the EU [28].

For 26.66% of the cases, where the values have ipethe range 161-240Bgfmit
has been proposed to the management of the institite as frequent as possible ventilation
of the classrooms as a method for reducing radon.
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Cluj-Napoca, the county of Cluj

According to the location choosing protocol, ie ttity of Cluj-Napoca from the 100
functional schools, a number of 62 have been stdgeto the radon measuring campaign.
The exposure time has been 35 days during spring.

As an average of these concentrations, for the anmalue the average radon
concentration 0f133Bg/m® has been obtained. rGni=23Bg/n?, Crama=690Bg/nt, the
geometric average has been 95Btamd the median 83.

From the data obtained it resulted that in 16.18%e cases the radon concentration
was lower than 40Bq/Mm33.9% corresponded to the range 41-80BgR.9% to the range
81-120Bg/m, 9.67% for the concentrations between 121-160Bg8% for those between
161-200Bg/m, 4.8% for 201-240Bg/fy 3.2% for 241-280Bg/fh In only 11.3% the
concentration in the classrooms exceeded the adllm@ed by the EU, that of 300Bg/{28].

In 22 schools of the 62 examined the natural vatiih has been very intense, because
the windows and doors could not be closed propdrhe fact that the classrooms in the
schools built between the years 1970-1990 have &k with windows on 80% of it,
constituted a problem when analyzing radon. This haen demonstrated following the
results obtained. In these schools the radon caratiEm fell into the range 30-75Bgfm

The concentrations higher than those admitted ley v were measured in the

institutions situated in the same areas as thelihgelanalyzed in Cluj-Napoca.
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Figure 28.: the logarithmic distribution of the radon concatittn measured in schools of
Cluj-Napoca, the county of Cluj.
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Figure 28 presents the logarithmic distributiorthed radon concentration measured in
schools of Cluj-Napoca, the county of Cluj. Theutesshave a lognormal distribution.

The radon concentrations in schools fall into¢bacentration ranges measured in the
dwellings in Cluj-Napoca. The values come undeim@lnto account the area of the location

as well (neighbourhood, street).

Radon measurements in schools of Satu Mare

In the campaign of measures of radon concentrati@ehools the town Satu Mare also
participate. In the 15 schools from town they patedtors of traces CR-39 in classrooms
located at the ground floor of buildings. The camgpavas carried out in the spring 2009.

The annual minimal concentration wag,G=85Ba/nt, Crama=167Bg/n.
<Crn anuaP=126Bg/ni, the geometrical mean was 125B&/and the median was 125.

The most frequently appeared radon concentratios 124-160Bg/m in 53,33% of
cases followed by the interval 81-120Bd/in proportion of 33,33%. Radon concentration
did not exceed the maximum value allowed by the.l§&8]. in any of the schools.

In all the cases the school walls did not haveksaihe windows and doors of studied
classrooms were adequate. They could be the chlse natural ventilation.

Radon concentration measured in 15 institutions raitl have high deviation, as it
results from the median value 125.

Agnita, Sibiu county

In the town of Agnita, Sibiu county there were te@mpaigns for measurement of
radon in closed spaces (houses, schools and kentleng). In case of houses we had 20
measurements, in case of schools we had 25. Thdisregere presented in table 47 (for
houses), respectively table 54 (for schools andédgartens).

From the results obtained we calculated the stnmategarding the distribution of
radon concentration in the studied area. (figune 29
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Figure 29.: the distribution of radon concentration in Agnitaunty of Sibiu

Radon concentration in both cases in the largesepege was in interval 41-80Bgim
It was not a significant difference for intervalstOBg/nt, 81-120Bg/m and 121-160Bq/fh
The high concentration in interval 201-240Bd/mppeared only for houses.

The lower values measured in schools and kindengarticompared to the houses, are
due to natural ventilation. In the campaign pesocdhe institutions had cracks on the wall, the
windows and doors were old, did not close well. yilveere responsible for the natural
ventilation of classrooms.

In case of houses no such problems appeared, thehgentilation was not able to

hept decrease the radon concentration inside.

In the study of radon concentration measuremertdarglwith trace detectors CR-39
balneary resorts were included.
Many specialized studies proved that radon coulk feso therapeutic effect, if it is

maintained in certain limits. [92-94].

Radon measurements in mofettes

Volcanic areas are rich in gas emanations largatyposed of C@Q Depending on these
gases through what layers they cross to the sudigcemanations may appear, the mofettes.
The gas across the ascending path may “collectéreifit isotopes of radof*(Rn, >Rn).

Thus, the gases from mofettes can contain substapiantities of radon. [95-96].
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Mofettes were and are still used empirically in tineatment of various diseases.
Nowadays they are used as dry LClaaths in the treatment of several diseases such as
dysfunctions of cardiovascular system, hypertensickets, and gynaecological problems.

In order to study radon concentration in mofeties,chose the most frequently used by
patients as follows: Bene mofette of Covasna, Bantette of Covasna, the mofette from the
precincts of Cardiological Hospital Covasndijl& Tusnad mofette and the mofette from the
precincts of Hotel Balvanyos.

Tabel 8.: Radon concentration in mofettes, in countys Haagaind Covasna

Detector Crn Locul de masurare
[Ba/m°]

B71011 2181 Mofet8ene, Covasna,
B71084 4574 Mofet8ene, Covasna,
B71036 982 Mofet®8aile Tusnad
B71030 61 Mofetd8anu, Covasna,
B71038 592 Hospital Covasn¢, mofeta
B71040 90 Mofetdd otel-Balvanyos

Based on radon concentrations measured in mofettesalculated the effective dose
received by patients across a treatment, 5h.
The effective radiation dose received by inhalatbbmadon and its descendants was
calculated by the formula:
Ern=Crn-K:-F-t (39)
where:
Ern-effective dose (Sv)
Cr- measured radon concentration (Bg/m3)
K-conversion factor (9nSv considered by ICRP; 22o&sidered by UNSCEAR)
F-equilibrum factor (0,4)
t- treatment time

The results obtained are presented in table 9.
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Tabel 9.: Effective dose received by pacients in the mosette

Place Bxpunere CRn ERn
[h] [Ba/m’] [SV]
MofetaBene 5 2181 0,0392 (ICRP)
0,0523 (UNSCEAR)
MofetaBaile Tusnad 5 982 0,0177(ICRP)
0,0236 (UNSCEAR)
MofetaBanu, 5 61 0,0011 (ICRP)
0,0015 (UNSCEAR)
Hospital Covasna, 5 592 0,011 (ICRP)
mofet 0,014 (UNSCEAR)
MofetaHotel-Balvanyos 5 90 0,0016 (ICRP)
0,0022 (UNSCEAR)

High concentrations obtained in mofettes usedesrhent base do not have harmful

effect on patients because the treatment sessemrui exceed 10-15minutes/day.

These results are in agreement with the alreadlyghlol results.[95].

Measurement of radon in thermal baths

If the gases coming from the basement in their pa¢et the phreatic water mineral

waters or thermal waters appear. Thus radon redbbesr of treatment rooms.

For this study we choseile Herculane from Mehedincounty respectively 8le Felix

and Biile 1 Mai from Bihor county.

In both cases we used detectors of traces CR-38hw¥ere exposed to 1-1,5m of soil

in treatment bases.

Baile Herculane

Tabel 10.: Radon concentration inaBe Herculane, county of Mehedin

Detector Purme Crn Crn anual Locul expunerii
[urme/mm? | [Ba/m®] | [Bg/m?

H40885 11,5633 262 393 Bairatament 1

H40886 14,8433 336 504 piséin

H40874 5,6659 98 147 Bamatament 2

H40881 2,6424 46 69 Batratament bazin sulf

Radon concentrations vary between 69BAnd 504Bg/m These values are high
both for patients and for employees who stay fofd&p in that room. By studying the

distribution frequency, in 50% of cases the comediains exceed the maximum value

allowed by the law, 300Bq/in[28]
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Baile Felix-1 Mai

Tabel 11.:Radon concentration inaBe Felix, county of Bihor

Detector Purme Crn Crn anual Locul expunerii
[urme/mm? | [Bg/m7] [Bg/m?

H40871 1,1834 26 39 Felix, sala tratament 1|

H40873 1,7415 39 59 Felix, Salasdaubacvatic

H40880 1,3995 31 47 Felix, birou

H40883 1,1941 27 41 Felix, chiosc alimentar

Tabel 12.:Radon concentration inaBe 1 Mai, county of Bihor

Detector Purme Crn Crn anual Locul expunerii
[urme/mm? | [Bg/m7] [Bg/m?]

H40875 1,0363 23 35 1 Mai, sala bazin mare|1l

H40877 7,1831 159 239 1 Mai, sala bazin mare| 2

H40882 3,5078 78 117 1 Mai, sala bazin mic

In thermal baths from Bihor county, Felix and 1 Mtie results obtained do not

exceed the maximum concentration allowed for wakes. [28].
Radon in salt mine
In this study we chose two salt pits frequentlydudy population, the salt pit of

Slanic Prahova from Prahova county, respectively #iept Praid, Harghita county.

Tabel 13.:Radon concentration in Unirea minear$t Prahova, county of Prahova

Nr | Detector | <pcor> Crn Crn anual
[urme/mm?] | [Ba/m?] | [Bg/m?|
1 K61619 0.5605 7 11
2 K61622 0.4125 5 8
3 K61624 0.363 5 8

Because the salt is not radioactive and the tlagg&r insulates well the inside from the
contribution of neighbouring rocks, the radon conaion measured was very low, almost
as was the bottom of detector.

In Praid mine, radon concentration showed very Istabalues close to the
concentration of air from outside, this salt pitsma direct connection with the outside
<Crr>salin=16Bg/nT.
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The values are much below the values found in camesother mines. Because the
measured concentrations are very low, it resuléd th the salt block there are no cracks
where radon could enter from the surrounding radksalt ore.

CHAPTER VII.
CONCLUSIONS

The presence of radium in earth's surface detesmihe release of radon in

atmosphere. Inside the buildings radon concentrati® higher compared to radon
concentration in atmosphere because of its accuimmlia closed spaces. The accumulations
of radon in inhabitable spaces depend directly hendoil structure on which that space is
located and the composition of construction maleria

In the work we applied the method of trace detactoR-39 respectively studied the
efficiency of radon measurements in houses andi@uititutions by using the method
mentioned above.

For detection of radon in closed spaces we usech#tbhod of detectors of solid body
traces type CR-39. This method represents a coantsolution which allows the long-term
supervision of radon inside the buildings.

The detector method CR-39 is a cheap method comiperethe other radon
measurement methods, and has more advantages avhaigwe mention: the detector can
be easily mounted in the box, because it has sizas and it is a simple localization in the
studied place. The greatest advantage is that winmedusly we can measure radon
concentrations in several measurement points. i§ligsourable if we make measurements in
a town or in an area of interest.

One of the objectives of the work was the applacatand improvement of trace
detectors method CR-39 for radon measurements.

We determined experimentally the optimal time nsagsfor the chemical treatment
of trace detectors CR-39. The optimal time for d@wment was demonstrated 4.5h. to know
the exact development time is very important, bseait is involved in the calibration
constant given by the manufacturer. It was praban if the development time is higher than
4.5h, the existing traces increase, which decrethgeresolution of detector. This is essential
if we develop detectors with vary large densitiegaces.

We experimentally demonstrated the good positionofigtrace detectors during
exposure. It was proven that the difference appeben the detector box is or is not properly
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closed. If the box is tight, radon concentratiorsvi@wer by 1.26 times. The difference is

because the box is not well closed, radon descéndany penetrate. Depending on the
positioning of the box in which the detectors weteck, no significant difference of radon

concentration appeared. In case of tight boxesditfierence between normal/capsized was
0.91.

We checked by experiment the possibility of reusthg detector boxes already
exposed. The detectors from the used boxes shovwéghar concentration above 1,17 than
the cases when they were placed in unused boxes.

We checked the dependence of trace density of oigeeldetectors depending on the
storage time, which is the time elapsed betweerdéwelopment time and the reading time.
It was proven that there is a connection betweerddvelopment time and the storage time of
detectors. By many experiments of comparison afetrdetector method CR-39 with other
measurement methods used in the measurement obrimddon, we checked the correct
functioning of the reading machine from the resedaboratory. The measurements were
made with several special devices from the laboyagéguipment (Alphaguard, Radim, Luk
3A, Ramon, Charcoal). The standard deviation wasden the interval 6-12%, accepted for
radon measurements in international comparisorceses.

In many intercomparison experiments with seveahbtatories (IFIN-HH, Bucharest,
Romania; Pannon University, Veszprem, Hungary;itiist of Radiological Sciences din
Chiba, Japan) we aimed at perfection of trace titenethod CR-39, for the purpose of
reducing the measurement errors.

The conclusions resulted from the effective measments in the thesis (houses,
schools, kindergartens, balneary resorts) in 15ntwes of the country, total 906
measurements are as follows:

The values of radon concentration varied from $Bdor a house located in Huedin,
Cluj county to 1604 Bg/ffor a house located in the towgtei, Bihor county.

The arithmetic mean of radon concentration measigel38 Bg/m, by 1, 68 times
higher than the average radon concentration prelyjaeported in Romania. [82], [87], [88].

The concentrations measured in the t@4& are higher than the values measured in
the other towns.

Out of 906 measurements in the studied areas % df7cases, radon concentrations
were < 40Bq/m, 28% were ranged in the interval 41-80 BY/in 81-120 Bqg/m were 18%.

A proportion of 9,5% of the measured houses excéeelsaction level recommended by

European Commission, the value of 300 Btj28.
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The measured values of radon concentrations insdwuyresent a log-normal
distribution in the following locations: the arédei-Baita, Bihor county, Bistra-Nasiud
county, Braov county and Cluj county. In the other locatiomere was not enough data for a
sufficient statistics.

For the are&tei-Baita, the data results in a double-lognormal distidsytwith two
maxima. The first maximum is characteristic for ses with classical construction materials
and the second maximum appears because of housel whre built with construction
materials that contain wastes from the uranium miitle radioactive ore content.

From the analysis of total data obtained, we cae tat there are significant
differences between radon concentrations in holeseded in the same town, as a result of
using different construction materials on one hard] the local permeability characteristics
such as constructive characteristics of the bujidom the other hand.

It was proven that the vibrations from heavy iafieightened the accumulation of
radon by about 100% more than the radon concemtrateasured in non-traffic area.

In case of blocks of flats, it was proven thatomdcconcentration decreases with
altitude, which confirms the theory from speciatidéerature. A linear decrease was noticed
according to the level, both in blocks built withidk and in those built with concrete.

It was proven that trace detectors can be usdd ibatesidential areas and in special
conditions such as high concentration of Q@ofettes), high relative humidity (thermal
baths) and in air full of salt particles (salt nshe

With improvement of trace detectors method CR-BB tmethod became more
accurate and more easily used. The measuremerddari concentration offer a database of
information which can be used for subsequent ssudie
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