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1. Introduction

Since its discovery, there have been various vieMs
radioactivity. In the very beginning, it was cradit with

supernatural attributes and was considered to Koedaof life

elixir. But with the progress of researches, itswg&ous
nature was being discovered. Numerous scientistane
victims of the researches, among others, one of ntlost

famous researchers, Marie Curie, too.

The most important achievements in this field ofesce
happened after people started to use nuclear endtmdreds
of nuclear bomb tests followed World War II, whichused
previously unusual radioactive contaminations tpeap in the
environment.

The peaceful use of nuclear energy became morespiead,
too. In many countries across the world, nucleawegyo
stations have been built. But on April 26, 1986ugdireactor
disaster happened on the territory of the Soviabkln

Due to this nuclear accident and the contaminattansed by
the nuclear bomb tests, the view of the peopleadioactivity

and thus on nuclear power stations is getting nmagative.

The opening of a new power station or the extensfdhe life



of an old one attracts always the attention ofrtieglia and is
accompanied by heavy protests. Many people arede&ren
of only hearing the words nuclear power station aodlear
energy. But the peaceful way of using of nucleargy does
not normally lead to accidents, though such thimgse
already happened. Most of these were caused by rhuma
failure or ignorance, not by errors of technicalipment.
Although most people are afraid of radioactivitg,aapossible
cause of an accident, they are not aware of theradat
radioactive radiation at their homes and workplaodsch in
most cases means a greater threat for their health.

All things surrounding us radiate. Nowadays peogpend
most of their lives in urban surroundings, namdiyr@me, at
the workplace or in the streets, among buildings.
Consequently, we are exposed to a much greaterahatu
radiation load, due to the radioactive materialsbinlding
materials, and mainly the radon emitted from theé and
building materials, accumulated in buildings.

Radon is highly significant, even among the gro@matural
Isotopes, since many researches proved that pduojlg in
areas with higher radon concentration are mordylike get

lung cancer.



A big problem in Hungary is the lack of legal regpion. The
valid decree law number 16/2000, issued by the $iiof
Health, gives a limit for workplaces but does notlude
regulations about homes, although people spend ofidbeir
time at home. Because of the lack of legal regutatpeople
are left by themselves.

The aim of the author, based on measurements made i
Sopron, was to estimate the natural dose of tlyésaitizens
depending on their lifestyle, age and home locataom thus
discover the areas of the city with higher dose.rble strived
to create a model, with which the dose of a citinéisopron
could be estimated without measurements, but unfately
based on the measurements, it can be concludadnthaost
cases measurements cannot be replaced.

The aim of the work was also, to find the pointstlof city,
which are interesting from the perspective of radiwity;
thus the gamma background radiation map of the weg
made. The author set as his task, to find thosddibgi
materials, which, from a radiological point of viewose a

potential threat on citizens.



2. The summary of the results

The author examined the natural radio-isotopes fnibam
sorroundings and the estimated the expositiond@tian in a
sample area of Sopron, Hungary. He examined thatitots
where the natural background radiation was highed a
Investigated their cause.

In the first part of the paper he prepared the bHamknd
radiation map of the city of Sopron, Hungary, wahgrid a
200 m resolution, on an area of 24 %moing measurements
of gamma dose rate on more than 700 locations efcity.
The map was created with the help of the DigiTeoHware
developed in the University of West-Hungary. On ltiasis of
the measurements it can be stated, that sevemelesting
anomalies may be observed.

The highest values were observed in a parking ptavered
with slag. The dose rate was as high as 402 n&tar his
examinations and due to the results the parkimgvedts closed
and the slag was carried away. The average gams®rdte
In the city was 89 nSv/h. On three public placeghacity, on
the market place, the Orsolya place and the Pdbu= pthe
measured values were approximately twice as hige Hhe

high “°K activity concentration (1322 Bq/kg) of the theagite



cubes covering the location caused the high baciglo
radiation.

He also observed higher radiation dose in the mheigiood of
the old coal power plant. A maximum value of 21%/hSvas
measured at a distance of 60m from the funneherdirection
of the prevailing wind. In this main spreading diten he
observed even at a distance of 150 m from the pghzet
higher than average values. In other directiongaaly at a
distance of 100 m the average values could be wbdeil he
author stated the increment of background radiagian after
years of opearation may be observed, due to tHengpof
ash. Similar results were found in the neighborhobthe old
coal-burning brick field.

The radiation map clearly shows the geological eddhce
between the northern part (Soproni-medence) anddbthern
part (Soproni-hegyseég) of the city. On the sidé¢hef hills the
average dose rate was 122 nSv/h whereas an avefragédy
72 nSv/h was observed in the northern part.

After these outdoor measurements heckated the gamma
spectrometry measurements of building materialthénseries
he examined 19 of the building materials availabie the

market in Hungary.



In the case of the conventional building materiaise
concentration of radioactive isotopes never excgéue upper
mark of the normal level. In the case of slag, exiéd in
buildings, he observed extremely high"Ra content, the
highest value was 2403 Bg/kg.

As a next step he examined residential areas. Duthd
previous research and the measurements of buitdatgrials
he devoted special attention to the examinatiomwldings
with slag.

He published an article in a local newspaper talle -theto
perform measurements in homes in the city of Saqpron
Hungary. Altogether he performed gamma dose rate
measurements in 97 homes, in 54 cases of thatarucéek-
etch detector radon concentration measurementsedis @n
the basis of the measurements it can be statedintipaivate
buildings the slag burned from the coal mined ia Tirans-
Danubian-hills was used even far away from thisaes an
insulation material. In those buildings, where ragswas
used, the average dose rate was 113 nGy/h, thaedsdhe
world average of 84 nGy/h (20-190 nGy/h) but apprates
the Hungarian average of 116 nGy/h, determined i&y. I\n

those 23 houses, where slag from foundry was louilthe



average of the effective dose rate was 138 nGg/A9lcases,
where the slag from the power plant was built, dose rate
was 223 (107-792) nGy/h, that means an expositioh.@b
(0.63-2.14) mSv to the inhabitants. In many cakesrheans
an increment that cannot be neglected.

The values of the radon measurements in the exanhiogses
changed between 137-1526 Bg/m3 in the months obliect
November. The average concentration of radon (4@/2nB)
and the maximal value (1050 Bg/m3) in the housesre/lag
was used as a building material exceeds approxiynate
twofold that of house, where no slag is built i212Bg/m3,
422 Bg/m3). It exceeds in some cases the suggt#seshold
limit of 400 Bg/m3.

The author showed with his gamma spectrometry
measurements of slag that there is a tight correlpue
between the gamma dose rate of the house and*iRe
concentration of the slag.

On the basis of the measurements it can be stadtatthose
houses, built by hand between 1960 and 1985 caigleerh
background radiation expected, where slag from goeer

plant was used.



The high radon concentration in the research statitt the
middle of the Nandor-magaslat in Sopron was knaswenas a
next step the researcher also Iinvestigated the nrado
concentration in the neighboring streets.

He made 64 measurements in the area of the Nadgasiad
with nuclear track-etch detectors to determine mado
concentration, which means 62 town houses. Basethen
measurements, he asserted that the southern atmenmoside
of the hill have dissimilar radon-concentration ued ((42-
701, avg. 261 Bg/m3) and (96-2051, avg. 507 Bg/m3)
respectively). The reason for this is the differgablogy of
the two sides. The average radon-concentrationeohorthern
side exceeds the 400 Bg/suggested threshold limit of the
European Community. Taking into consideration thet is an
average of measured values over a bigger areacdmsbe
classified as very high. The maximum value (2051n8)
measured on the northern side is so high that teghn
intervention is suggested. The calculated averadmation for
the whole area (populations radiation load) thdtabitants
suffer is 8,4 mSv/year which is a 4-fold incremeatnpared
to the worldwide average natural radiation load Zft

mSv/year. There are town houses on the northem\gltere
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inhabitants suffer a yearly effective dose from orael
radiation of 41 mSv.

Finally, the author compared the measurement sesulth
statistical data and appointed the number of toaushs and
people that can face the raised risks introducedeb

He concluded that radon-concentration cannot béfa@cast
in one storey town houses since the high-concemrat
locations have a random distribution. Measuremests
suggested in each town house in the area of theorNad

magaslat.
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3. Thesis

1.1 proved with measurements that those flats andsé®un
which slag was built in there is a strong corresiamte
between the gamma-dose rate andf#fiRa concentration of
the slag. Hence it can be declared that the maliatran
source in these buildings is the slag and the raidon

contains.

2. Slag from the coal mined in mountain Bakony thabudt
into the private houses as isolation mean realathne
Hungary in settlements further away from Ajka, asliw
More background radiation can be expected in thigibgs
built 1960-85 in Sopron where slag originates friv@rmal

power stations.

3. Gamma-dose rate values can show big diversity it bu
environments in hick town areas depending on thenga
materials. Even 4-5-fold divergence from the averagn

be observed.
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4. The geology of a given area influences the gamnsa-date
measured outdoors on a large scale. As a resuhligfa
difference in dose-rate of 50 nSv/h can be obsepeddeen

the mountainous and flat areas in Sopron, Hungary.

5. The radon-concentration in the buildings on thetmarde
of the Nador-magaslat in Sopron exceeds the thiedhut
of 400 Bg/mi (suggested limit of the European Community).
It is strongly recommended that all the flats anddings in

this area be inspected.
6. Based on the measurements made in the buildin§epnon
it can be stated that radon-concentration canndbieeast:

measurements are necessary to determine it incaseh

7.Even a 3-4-fold background radiation increment ¢emn

observed in the environments of idle (not anymore

operated) coal power plants in the main wind dioecat a
distance of 150 metres, as well. The anomaly roffjsn

other directions within a shorter distance (<100m).

13



4. Publications

Article published in journal;

Spaits T. (2004): RODOS, a decision support. Elet és
tudomany, 2004/22. Budapest 684-686 .

Presentations on foreign languages published arnational
conference proceedings

Spaits, T. - Dives, F.- Kavasi, N. - Bodka, Z. (2006):
Evaluation of the Natural Background Radiation imyC
Sopron, Second European IRPA Congress on Radiation
Protection, Paris.

Presentations published in Hungarian conferenceggdings

Spaits T.— Divos F. (2005): Gamma spectrometry research of
building materials. Issue of the Research and [gweént
Discussion of the MTA Agricultural —Technological
Committee, GOdod.

Spaits T. — Divés F.(2006): Radiation Measurements in
Sopronban. Issue of the Research and Development
Discussion of the MTA Agricultural —Technological
Committee, GOdaod.

Spaits T.— Divos F. (2005): Radon concentration of thesflat
in the neighborhood of the Nandor-magaslat in Swopro
Publication of the XV. National Conference of Elmvimental
Injuries and Respiratory, Heviz.

14



Spaits T.— Divos F. — Kavasi N. (2006): Radon concentration
measurements of the flats in the neighborhood e@iNAGndor-
magaslat in Sopron. Publication of the I. Natiofddon
Forum, Veszprem.

Spaits T.-Simon T. (2007): Radon measurements in flats in
Sopron. Publication of Il. National Radon Forungs¥prem

Presentations:

Spaits T.— Divos F. (2005): Radon concentration of thesflat
in the neighborhood of the Nandor-magaslat in Swopro
Publication of the XV. National Conference of Emvimental
Injuries and Respiratory, Heviz.

Spaits T.— Divés F. — Kavasi N. (2006): Radon concentration
measurements of the flats in the neighborhood e@iNAndor-
magaslat in Sopron. Publication of the I. Natiofddon
Forum, Veszprem.

Spaits T. — Toth K. (2007): EURANOS Demonstrations

Activities — Hungarian experience. RUG-meeting 2007
Lisszabon.

15



Poster presentations:

Spaits, T. - Divos, F.- Kavasi, N. - Boka, Z. (2006):
Evaluation of the Natural Background Radiation imyC
Sopron, Second European IRPA Congress on Radiation
Protection, Paris.

Spaits T.— Divos F. (2005): Gamma spectrometry research of
building materials. Issue of the Research and [gweént
Discussion of the MTA Agricultural —Technological
Committee, GOdod.

Spaits T. — Divés F.(2006): Radon koncentracid meresek
Sopronban. MTA Agrar-Mszaki Bizottsag Kutatasi es
Fejlesztési Tanacskozasanak kiadvanya, Gédoll

Spaits T.-Simon T. (2007): Radon measurements in flats in
Sopron. Publication of Il. National Radon Forunes¥prém

Articles are submitted for publication:

Spaits T. — Simon T. — Divos F. (2007): Dose contribution
from buildings containing coal slag insulation welevated
concentrations of natural radionuclides, Radiation
Measurements. (Impakt factor 1,048)

Spaits T.— Simon T. — Divés F. (2007): Radon measurements

in flats in Sopron, Acta Sylvatica.

16



