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ABSTRACT

The Austrian Standard ÖNORM S 5200 provides criteria to assess the radia-
tion dose from building materials. It takes the gamma radiation of the
radionuclides K-40, Th-232 and Ra-226 into account, as well as the dose due
to the noble gas Radon, which is released from building materials after
decay of Radium. A building material is considered acceptable if its dose
rate in a room doesn't exceed 2 mSv/a. Provisions are made to minimise the
required experimental effort to prove compliance with the Standard.

INTRODUCTION

Until recently the International Commission on Radiological Protection was
exclusively engaged in regulations of man made sources of radioactivity.
Meanwhile also civilization enhanced natural radioactivity has become a
matter of consideration. Examples are high altitude flights, work in mines
and living in buildings.

Of particular interest is the question of radioactive dose in buil-
dings, as it turned out that the use of certain building material compo-
nents can result in a significant increase of the radioactive burden for a
large number of persons. Among the motivations for the admixture of indus-
trial waste products to building materials are cost reduction, saving of
natural resources and recycling.

Building materials contribute in two ways to environmental radioac-
tivity. By Gamma radiation, mainly from K-40, Ra-226, Th-232 and their
progenies, and by releasing the noble gas Radon, the radioactive daughters
of which are deposited in the human respiratory tract. The Radon problem
became prominent, when it turned out, that Radon and its daughters cause
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the largest portion of public dose and that it is enhanced substantially by
the reduction of room ventilation to conserve heat energy.

In response, the specific Austrian situation was investigated by an
interdisciplinary study group, consisting of scientists of the Austrian
Research Centre Seibersdorf, the Federal Testing and Research Institute
Arsenal, Vienna and the University of Salzburg, in a project which was
financed by the Ministry for Building and Technology [1], Although it was
found, that the vast majority of Austrian building materials increase the
natural level of radioactivity dose only slightly, it seemed desirable to
establish criteria to judge and limit the dose rate delivered to inhabi-
tants of buildings due to construction materials [2]. This was accomplished
by a working group set up by the Austrian Institute for Standardisation. In
this working group there were the authorities, the industry and the Techni-
cal Universities of Vienna and Graz represented besides the institutes
mentioned already.

ASSESSMENT OF RADIOACTIVITY

In the literature [3,4] a relation for the activity concentrations has been
proposed, which ensures that the Gamma dose rate, inside a room due to the
building material, does not exceed 1 mSv/a:

c(K-40) c(Ra-226) c(Th-232) < n .
4810 + 370 + 260 = u '

In this formula c with the radionuclide in parentheses denotes the respec-
tive radioactivity concentration in Bq/kg.

This widely used formula was completed by a term allowing for the
additional radioactive burden due to inhalation of Radon and its daughters
[5] to obtain the criterion for building materials that are acceptable for
the construction of inhabited buildings:

c(Ra-226) c(Th-232) <)
9620 740 u + u^-e-P-a; + 520 ~ l

Here s denotes the release fraction for Radon from walls, p is the
3

mass density (kg/m ) and d the thickness (m) of the walls. The following
assumptions were made to bring the Rn term into the given simple form:

(a) the surface to volume ratio of rooms is 2 m~ ,
3

(b) 37 Bq/m Rn activity concentration in air with an equilibrium factor of
0,5 result in an effective equivalent dose rate of 1 mSv/a,

(c) the annual average ventilation rate of rooms is 0,7 h~ [6].

Compliance with formula 2 means that people living in houses construc-
ted by the building material considered do not receive a radiation dose
higher than 2 mSv/a due to the radioactivity of the wall material.

Formula 2, however, does not intend to assess the overall radioactive
dose rate inside a room, as this depends also on factors not included,
being mainly the Radon emanating from the ground on which the building is
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erected, and the external radiation.

The chosen limit of 2 mSv/a due to building materials corresponds to
the average overall dose rate found in Austrian buildings.

BUILDING MATERIALS TESTING

The Standard ÖNORM S 5200 formulates two criteria A and B to simplify the
proof that a building material meets the requirements.

In case of criterion A only the three activity concentrations c(K-40),
c(Th-232) and c(Ra-226) have to be measured. For s, p and d the values 0,1;
2000 and 0,3 respectively, may be used in formula 2, if unknown. Multi-
component materials may be evaluated using the weighed sum of their compo-
nents.

Building materials failing to meet criterion A can be subjected to
criterion B which requires measurements of e and p and fixing of d. Fur-

2
ther, for building materials with the product (p.d) less than 250 kg/m the
following modification of formula 2 may be used:

<h± ( c(K-40) c(Ra-226) c(Th-232) <
250 { 9620 + 740 U + O s ; + 520 ' ~ l

Several investigations show that traditional building materials like brick
and concrete meet the requirements of the Standard which was issued so far
in a pre-form to facilitate the incorporation of new scientific data as
well as changes as suggested by future application experience.
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ABSTRACT

The inhalation of radon is an important contributor to the
radiation burden for occupants of buildings. The aim of this
report is to give an overview on different measuring devices
for radon. Results of a pilot study and an assessment of the
mean annual effective whole body dose due to inhalation of
radon are given.

INTRODUCTION

At present natural radiation sources are the main contributors
to the radiation burden of the world's population. Both natural
external irradiation and inhalation of radon and its short-
lived daughters are of great importance for possible health
risks. High concentrations of radon have been measured in mines
especially near uranium sites leading to increased incidence of
lung cancer.

Radon is also an important hazard for public health in dwel-
lings. Studies show that indoor radon can reach much higher
levels than outdoor air. Possible sources of radon in dwellings
are building materials, soil and water. Beside exhalation
rates, the indoor radon concentration is essentially influenced
by the ventilation rate which can vary in a wide range. After
inhalation, especially radon daughters (metal-ions) attached to
aerosols remain in the lungs and because of alpha decay lead to
radiation burden of the respiratory tract. Although radon has 3
naturally occurring isotopes that are members of 3 decay
series, in most cases only 222Rn is of major importance
(Radon-distribution in air: 222Rn c. 93%, 220Rn c. 7%,
219Rn < 1%).

RADON MEASURING DEVICES

Because of the high temporal variation of the radon level in
homes, due to variable ventilation rates, only long-term
integrating monitoring systems can be used to assess the
radiation hazards to occupants of buildings, due to inhalation
of radon and its daughters. Passive integrating monitors are
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most suitable for large scale use in dwellings because these
devices need no ventilation systems, have no movable and noise-
creating parts, are constructed in a simpel way and therefore
very cheap. On the other hand, instant monitors are used to
detect short term variation of radon concentration related to
the variable ventilation rate.

Instant radon monitors:
Different measuring methods were developed in the last years
using filter techniques (e.g. two-filter-method) to monitor
radon and its followers especially in mines, spas and other
areas with increased concentrations. The determination of the
filter activity as a function of time by alpha-, beta-, or
gamma-counting yields the concentration of radon or its
daughters.

Other monitors consist of a container which gets filled
with filtered air to hold back radon daughters attached to
aerosols. Radon reaches radioactive equilibrium with its short
lived followers within some hours after closing the container.
The concentration of radon is determined by measuring the total
alpha-activity of the sampled enclosed air by different means:

A SCINTILLATION CELL (LUCAS FLASK) is coated by alpha-
scintillating ZnS. The total alpha-activity is obtained by
counting the alpha-induced scintillations by means of a high-
sensitive photomultiplier (see Fig 1).

Figure 1. Lucas cells with photomultiplier



In a RADON ION CHAMBER the radon containing air is enclosed in
an ionization-chamber [1]. After subtraction of the gamma
background the ionization current is proportional to the total
alpha-activity of the enclosed air (beta- and gamma-components
produced by radon followers can be neglected). When a radon ion
chamber is not closed but the air flux rate is reduced to an
amount that equilibrium is nearly reached (the mean length of
stay of the air inside the chamber must exeed some hours)
continous radon monitoring is possible.

Integrating radon monitors:
All detectors described below are passive integrating systems
especially suitable for use in homes. The dosimeter capsule
forms a radon diffusion chamber which is closed by a special
filter to prevent radon daughters and aerosols from entering
the sensitive volume. So only radon passes the filter and
reaches radioactive equilibrium with its short lived followers
within some hours inside the chamber.

The Karlsruhe TRACK ETCH DETECTOR [2] developed by PIESCH
and URBAN consists of a plastic capsule which encloses a
special nuclear track detector foil (see Fig. 2). The alpha
decays of the instable isotopes 222Rn, 2x8Po and 2l4Po inside
the chamber volume cause tracks on the alpha-sentitive detec-
tor. The density of these tracks which can be made visible by
an electrochemical etching process is proportional to the
integral of the radon concentration. An exposition period of 3
months results in a detection limit of about 7 Bq.nr3.

Track Etch Dosenieter

Figure 2. Track Etch Radondosimeter (Karlsruhe
diffusion chamber).



The diffusion chamber of an ELTECTRET RADON DOSIEMETER
[3,4], which is made of electric conducting material, forms an
ionization chamber without need for an external voltage supply
(see Fig. 3). This chamber encloses a charged electret which
exhibits a strong permanent electric field. Radiation caused by
alpha-decay of radon or its followers produces ion pairs in the
air. Ions of one polarity get attracted to the electret surface
and reduce the surface charge of it. So the drop of this
charge, which can be determined by a special surface potential
voltmeter, is a function of the integral of the radon level.
Electret dosimeters are also sensitive to background gamma
radiation. The gamma-background has to be measured therefore in
addition. The detection limit of those dosimeters depends
mainly on the accuracy of the gamma background detection.
15% uncertainty results in a detection limit of about 9 Bq.nr3 .
The advantage of this system is the variable exposure time
which varies from one day to a year or longer, the simple
readout of the electrets, which takes only few seconds and the
rechargeability of the electrets.

. ...f
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Figure 3. Electret Radon detection system.

Radon detectors using charcoal [5,6] consist of diffusion
chambers, filled with activated carbon which adsorbs the
entering radon on its surface. The amount of adsorbed radon can
be measured by gamma spectroscopy or by outgasing into a Lucas
flask. The exposure times must not exceed some days to prevent
adsorbtion to obtain saturation. The limit of detection is in
the range of 6 Bq.nr3 .
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RESULTS OF A PILOT STUDY

The radon concentration in 158 appartraents and houses in and
around Vienna was determined during summer- and wintertime
using 500 track etch radon detectors, respectively [7,8]. An
exposition period of 3 months was choosen. The average value of
radon level in dwellings wighted for summer- and wintertime is
47 Bq.nr3 mean and 35 Bq.nr3 median. The study shows strong
seasonal variations: The radon concentration in wintertime
proved to be 1.4 times higher than in summertime. This fact may
be explained by a reduction of the ventilation rate due to heat
conservation in the cold season.

The results of a dose assessment are an effectiv equiva-
lent dose for the lung of 10.7 mSv/a and an effective equiva-
lent whole body dose of 1.27 mSv/a assuming an equilibrium
factor of 0.5 and an occupancy factor of 0.8.
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