SUMMARY OF THE THESIS
Nuclear measurement techniques for analysis of radactive gases
Premises

The main source of indoor radon is the soil. Thigvélg concentration of the radon coming
from the soil can reach higher and higher values ttuthe better and better insulation
technique of dwellings. Present epidemiologicakaeshes show the relative risk of lung
cancer is 1.33 above 200 BgniPavia et al, 2003), and the relative risk incesasy 0.15 —
0.2 per 100 Bqmi (Lagarde et al., 1997).

The indoor radon surveys started in the 1970ies\adl the world. One of the most
important aims was to find parameters that canigrddgher than average radon activity
concentrations in an area. Within the given aresthar aim was to find particular dwellings
with high radon levels. Beyond these some trulydoan and representative sampling were
done in a few countries.

There were some thoron surveys in the last yearsorine dwellings the radon activity
concentrations were commensurable with thoron igtooncentrations (if the dwelling was
built upon thorium rich solil, or if the wall pairbntains thorium). That is why the thoron
surveys come to the front in these days.

In Hungary Arpad Toth carried out the first widadoor radon surveys. (T6th, 1972;
T6th, 1978) Later the INRand NRIRR performed indoor radon surveys covering the whole
country (Somogyi et al., 1989; Nikl, 1996). Theaggk research institutes working on radon
problem (INR, E6tvos University, NRIRR, University Veszprém) did not carry out nation
wide indoor radon surveys in the last 10 years.irTlmain fields on radon were rather on
measurements in caves (Hakl et al., 1997a; Kavésl.e 2003), determining of radon
concentrations in drinking waters, spring waters] thermal waters (Hakl et al., 1996; Hakl
et al, 1997b; Vaséarhelyi et al.,, 1997; Baradacslet2002a; Szerbin és Koteles, 1999;
Kasztovszky et al., 2000; Kovacs et al., 2003)aitkd mapping and interpretation of local
anomaly of indoor radon in some settlements (Sorelaal., 1997; Németh et al., 2000;
Somlai et al., 2005; Gorjanacz et al., 2006), aadetbping radon measurement technique
(Csige, 1997; Csige és Csegzi, 2001; Hunyadi £1899; Baradacs et al., 2002b).

The RAD Labor (founded in 1992) measured the radotivity concentrations in
almost all the homes in Matraderecske between 1992~ The nation wide radon survey by
the RAD Labor was started in 1994, and the work#inae these days. The RAD Labor has
measured the annual mean of radon activity coratemtis, i.e. radon levels in more than
15000 Hungarian homes between 1994 and 2004 (H&naki, 2004; Hamori et al., 2006a).

| am working at RAD Labor from 1997. In the firsear my tasks were the
distribution, collection, etching, and countingtiefcks of the detectors. Then | took part in the
organizations of the public relation of the RAD babl gave lectures with demonstrations in
the settlements before the detector distributiansl, | prepared and directed the students for
labor works. The analysis of the 15000 radon leneasured between 1994 and 2004 started
in Summer 2004. The present PhD dissertation inttesl the methods, the results, and the
discussion of this work.

On the base of international recommendations (IGBPthere is a statutory rule on
workplace radon, namely action should be done a0 Bg m-3 as annual mean
(regulation by the Hungarian Health Department,@0There is no statement on the indoor
radon and on the radon in drinking water in the g¢turan regulation till these days.
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Aims

Decision makers have to know the national radoalldistribution, i.e. how many homes can
be expected above given radon levels when theyrdete the action level in a cost effective
way. If they choose a too low action level then toany homes have to be mitigated. On the
other hand: too high action level can leave too ynpeople at high risk of lung cancer
(Kanyar et al, 2004).

Health authorities have to know the regions ofhbigindoor radon levels of the
country to urge measurements, to inform the popuiatand to help in mitigation in the
region.

During the measurements and the analysis of theg&hian indoor radon levels my
work in the RAD Labor had the following aims:

1. To determine indoor radon levels in Hungary asynas it was possible. There was
an intention to cover the whole country by the syrv

2. To find regions of Hungary where the proportminhomes above a given (high)
radon level is larger than average.

3. Analyzing the applicability of mathematical sg#tal methods and the confidence of
the gained results, which led to the national caating distribution.

4. To determine the national cumulative distribntioom which one can read directly
the proportion or the number of homes above angrgradon level.

Further aims above these indoor radon surveysrdaatpretations:
5. Experimental study of thoron behavior.
6. Starting with indoor thoron survey.

Methods

Measurement: The indoor radon activity concentrations were rmeas by closed CR-39 track
detectors, the detector container being a plagtinder with a threaded cap (diameter 4 cm,
height 6 cm). In a given room, the radon activioncentration was measured three times,
each measurement lasting about 3 months (autunmenvand spring). The radon level was
calculated from the three measured radon actiwtycentrations. (Due to the too large error
we did not determine radon levels in dwellings frefmere we had only one seasonal data.)

Sample taking: The rooms sampled were based on volunteers, vibachers facilitated the
distribution of samplers.

Methods of stratification: If the set of dwellings were homogenous from thepof view of
geology, of the house structure, and of the lifgesbf inhabitants, then the distribution of
dwellings on the radon levels can be approximatedognormal distribution (Nero et al.,
1986; White et al., 1992; Miles, 1998a; Miles 19p8lWe were able to estimate the
proportion of dwellings above any given radon lsy&lhen we were able to create a set of
homogenous dwellings. The points of view of grogpivere somewhat physical reasons, as
geology or as parameters of house structure. Dwvgallof higher level than first floor were
analyzed in one set, because the density of ral@rbitimes larger than it is of air reducing
its availability from first floors and upwards. Thest floor dwellings were separated into sets
based upon the population sizes of settlements $@paration reflects the differences of
house structures between the houses of cities #lades. The third point of riew was the
geography and geology. At the beginning larger afethe country were chosen. When the



hypothesis tests rejected the application of tigmdomal distribution at a given region, then
the region was divided into smaller region. Thisugping was improved until the distribution

of radon levels in set of dwellings became logndratording to the hypothesis test at a
level of significancexr = 0.05 (Figure 1).

Satistics: Assuming that the measured data follow a lognoédisdribution, the parameters
ando of the normal distribution of the logarithm of theeasured data were estimated by the
maximum likelihood method (Figure 1). The hypotkeshat the data set followed the
lognormal distribution was tested by theprobe at a level of significanae = 0.05. The
lognormal model was used only in those groups whieeehypothesis test did not reject it.
These sets of dwellings were calkichtum.
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Figure 1 Dwellings distribution on measured radon levelséttlements of population sizes
less than 10000 people in the Mountains Bukk. Calireshow the number of measured
dwellings, red line shows the best fit lognormadtdbution. The lognormal model was not
rejected by thg’—test at a level of significanee= 0.05.

Distribution of regions and the national distribution: The number of dwellings above the
given radon levels can be estimated in each straging parameters m and sigma of the best
fit lognormal distribution. The national empiricaimulative distribution was determined by
summing the estimated numbers of dwellings abogaivien radon levels in each stratum.

Thoron experiments. Investigations on electrostatic collection of rihvo decay products as a
function of field strength in a special source-glede arrangement have been performed.
Yields of the decay products vs. field strengthevereasured by solid state silicon and also
by CR-39 track-etched detectors.

Indoor thoron: Indoor thoron measurements were performed by &acadon and thoron
detector-pairs made by Radosys, Hungary. The twe3€Rlastic detectors were placed in
two different containers. One of the containerslagsed enough not to let entering thoron of
short half life time, while the other allows to enboth radon isotopes. Raduet were placed
into rooms for one season, where previous radorsunements indicated a possible thoron
enhancement.



Results
The results of my scientific work can be summariasdollows:

1. Radon levels in about 8000 Hungarian homes wetermined between 1997 and 2004.
During this time interval 25 000 detectors werdrthsited and analyzed.

2. Indoor radon levels measured by the RAD Labotwken 1994 and 2004 were

apportionable into strata based upon geology angséhatructure. (Note: One can speak
stratum if and only if the distribution of dwelliagof the stratum on radon levels follows
lognormal distribution.)

3. The number of dwellings above the given radorelie were estimated in each stratum
using parameters m and sigma of the best fit lagabrdistribution. The proportions of
dwellings above 200, 400, and 600 Bd in each region are given in this dissertation.

4. Our analyzes show those regions of Hungary wtiexeoroportion of dwellings of radon
levels above 200 Bgthcan be predicted for more than 30% of dwellingsese regions are
the Mountains of Matra, and Borzsony-Cserhat (FgRr), in addition three settlements:
Koévagosslos and two villages asking for anonymity.

Abbreviations: M. Moragy Hills
N. Hilly Region of Northern Hungary
V. Velence Hills
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Figure 2 Proportion of dwellings above 200 B¢hin regions of Hungary in settlements of
population sizes less than 10000 people.
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5. National empirical cumulative distribution wastermined corresponding to 95 % of
Hungarian dwellings.

6. Dependence of the activity of Th(B+C) emanatiom the collecting voltage was
determined in our experimental arrangement. Thevigcof the sample grows along with
collection field strength at the beginning. At het growth of the voltage the activity of the
sample decreases. Then an equilibrium enrolls:atievity of the sample is more or less
constant over the field strength. The phenomenaos int@rpreted by the space charge effect
in the activation cell.

7. It was proved that airing in the activation dafluences the sample activity significantly.
Airing decreases the thoron concentration in theresulting in lower activity of the sample
as compared to that obtained by no airing arrangeme



8. It was also proved that the activity of the skngan be reproduced only in the case of no
airing. The standard deviations of activity of themples activated at the same voltage are
much larger than the statistical error in the adsaring.

9. Raduet detectors were applied in measurementsidoior radon and thoron activity
concentrations. In some dwellings the activity @ntcations of the two gases were in the
same order, so the continuation of thoron surveynseto be important.
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