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Summary

The exposure of man to the natural radiation environment (NRE) repre-
sents the largest contribution to the radiation burden from all sources of
lonizing radiation. The dose due to this exposure results in an increased risk
for predominantely somatic effects, e. g. cancer induction. In many national
and international radiation protection guidelines the exposure from the NRE
is recommended as a reference baseline. However, the practical application
of this recommendations is difficult: a) NRE-levels show large temporal and
local variations; b) individual doses resulting from this exposure are very
different in a given population due to the large range of living- and working
conditions and age- and sex-dependence of dose assessments. Furthermore
the characterization of the radiation burden of population groups using the
whole body dose-concept is unsuitable because the absorbed dose differs
largely for different organs and tissues.

In an investigation over several years the NRE was studied for three popu-
lation groups in Austria: citizens in a “normal” environment; non-uranium
miners with elevated occupational exposure only; inhabitants and employees
of radon spas with generally increased NRE-levels. Main emphasis was on
the determination of individual doses for different radiation sensitive tissues
and organs. Applying a methodology based on demoscopical methods fre-
quency distributions of the external gamma dose rate (= 3100 measurements)
and atmospheric radon and decay products (>>8800 measurements) were
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determined for a city, and in modified version also for mines and spas. In
addition dietary uptake was determined by radionuclide analysis of food
and drinking water. In Salzburg city 90 % of the exposure rate is less than
60 mR/yr. However, despite this low external irradiation almost 20 % of the
rooms show an annual mean radon concentration between 1 and 5 pCi/l.
This exceeds by far the maximum permissible concentration (MPC) of
0.33 pCi/l as defined in Austria for non-occupational continuous exposure
from man-made sources. In the case of non-uranium underground miners
more than 10 %/ of the work sites show radon concentration values in excess
of the Austrian MPC-value for occupational exposure, i.e. 30 pCi/l, whilst
the occupational gamma ray exposure is neglegible. In the spa area of the
Gastein valley the terrestrial gamma dose rate is significantly higher than in
Salzburg city, mainly due to the elevated radionuclide content of both sub-
soil and construction material. This causes in about 15 %o of the cases the
gamma dose rate indoors to range from 120—200 mR/yr and the radon con-
centration from 3—9 pCi/l, although neither of these buildings is used in
connection with therapeutic radon treatment. In 10 %o of the buildings, where
radon mineral water is used for treatment, indoor radon values range from
18—80 pCi/l and in over 5 %0 150 pCi/l can be reached.

With the radioactivity data of the urban environment and age-dependent
life-style patterns individual organ-specific dose histograms were calculated
for 729 test subjects. The highest dose is absorbed in the basal cell of the
bronchial epithelium, where about 5 %o of the citizens are exposed to levels
beween 5000 and 11000 mrem/yr, although Salzburg city is considered an
area with “normal” radioactivity. In the case of miners and spa inhabitants,
resp. workers dose calculations were carried out for different population
groups, based on the central range of radioactivity data for the characterisa-
tion of the specific NRE. Under disadvantageous working conditions in
underground mines the occupational dose to the basal cells — in addition to
the dose from the NRE during spate time — can reach almost 4000 mrem/yr.
This value is even exceeded by employers in radon treatment facilities, who
are exposed to a bronchial epithelial dose up to 22000 mrem/yr. Since inhaled
radon and decay products are considered to induce lung cancer, the risk for
lung cancer induction due to exposure to the NRE was calculated using data
on spontaneous lung cancer rates and data from epidemiological studies.
Applying conservative risk assumptions derived from epidemiological studies
amongst uranium-miners up to 100 %o of all non smoking related spon-
taneous lung cancer cases in a “normal” urban environment may be attri-
buted to inhaled radon decay products. For some employees in the investi-
gated radon spa hotels and treatment centers the risk for lung cancer induc-
tion is up to ten times higher than for a citizen of Salzburg. The risk from
NRE-exposure can exceed man-made radiation and other non-radiation
risks (including traffic accidents) of man’s environment.
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Zusammenfassung

Die Strahlenexposition des Menschen durch die natiirlich radioaktive
Umwelt (NRU) liefert den grofiten Beitrag zur Strahlenbelastung durch alle
Quellen ionisierender Strahlung. Die aus dieser Exposition resultierende
Dosis bedingt ein erhohtes Risiko fiir vorwiegend somatische Effekte, z. B.
Krebsinduktion. In vielen nationalen und internationalen Strahlenschutz-
Richtlinien wird die Strahlenbelastung durch die NRU als Referenzwert emp-
fohlen. Jedoch ist die praktische Anwendung dieser Empfehlung aus folgen-
den Griinden schwierig: a) NRU-Werte zeigen ausgeprigte zeitliche und ort-
liche Schwankungen; b) Individualdosen aus dieser Exposition sind stark
unterschiedlich fiir eine gegebene Bevolkerung aufgrund der groflen Unter-
schiede in den Lebens- und Arbeitsbedingungen sowie der Alters- und
Geschlechtsabhingigkeit der Dosisberechnungen. Weiters ist die Charakteri-
sierung der Strahlenbelastung von Bevolkerungsgruppen unter Verwendung
des Begriffs der ,Ganzkorperdosis® ungeeignet, da die absorbierte Dosis fiir
verschiedene Organe und Gewebe stark unterschiedlich ist.

In einem mehrjidhrigen Forschungsprogramm wurde die NRU fiir drei
Bevolkerungsgruppen Osterreichs studiert: Stadtbewohner in einer ,norma-
len“ Umwelt; Bergarbeiter (ausgenommen Uranbergbau) mit lediglich beruf-
lich bedingter erhohter Strahlenbelastung; Bewohner und Beschiftigte in
Radonkurorten mit generell erhohten NRU-Werten. Schwergewicht der Unter-
suchung lag bei der Bestimmung von individuellen Dosen fiir Gewebe und
Organe mit unterschiedlicher Strahlenempfindlichkeit. Unter Anwendung
einer demoskopischen Untersuchungsmethode wurden Hiufigkeitsverteilun-
gen der externen Gammadosisleistung (> 3100 Messungen) und des atmo-
sphérischen Gehaltes an Radon und seinen Zerfallsprodukten (> 8800 Mes-
sungen) fiir eine Grofistadt bestimmt; in einer modifizierten Form ebenfalls
fiir Bergwerke und Kurorte. Zusitzlich wurde die Aufnahme durch die Nah-
rung mittels Radionuklidanalyse von Lebensmitteln und Trinkwasserproben
erfafdt,

In Salzburg-Stadt betrigt die Strahlenexposition in Riumen in 90 %o der
Fille weniger als 60 mR/Jahr. Trotz dieser niedrigen externen Strahlenbela-
stung weisen annihernd 2090 der Riume eine jahrliche mittlere Radon-
konzentration zwischen 1 und 5 pCi/l auf. Dies iibertrifft bei weitem die
maximal zuldssige Konzentration (MZK) von 0,33 pCi/l, wie sie in Osterreich
fiir nichtberuflich bedingte kontinuierliche Strahlenbelastung durch kiinstliche
Strahlenquellen giltig ist. Im Fall von Bergarbeitern in Untertagbaubetrie-
ben liegt in tuber 10909 der Fille die Radonkonzentration am Arbeitsplatz
tiber dem in Osterreich zuldssigen MZK-Wert fiir beruflich bedingte Strah-
lenexposition (30 pCi/l); hingegen ist die beruflich bedingte Belastung
durch Gammastrahlung vernachlissigbar. Im Gebiet der Radon-Kurorte des
Gasteiner Tales ist die terrestrische Gammadosisleistung betrichtlich hoher
als in Salzburg-Stadt, vorwiegend aufgrund des erhéhten Radionuklidgehaltes
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von Boden und Baumaterial. Dadurch bedingt reicht in 15 %o der Fille die
Gammadosis in Riumen von 120 bis 200 mR/Jahr und die Radonkonzen-
tration von 3 bis 9 pCi/l, obwohl keines dieser Gebdude fiir Zwecke der
Radontherapie verwendet wird. In 10 %o jener Gebiude, in denen radonhalti-
ges Thermalwasser zu therapeutischen Zwecken Verwendung findet, reichen
die Radon-Raumluftwerte von 18 bis 80 pCi/l; in iiber 5 /o der Fille konnen
150 pCi/l erreicht werden.

Mit den Radioaktivititsdaten tiber die urbane Umwelt und altersabhingige
Lebensgewohnheiten wurden individuelle organ-spezifische Dosishistogramme
fiir 729 Testpersonen berechnet. Die hochste Dosis erhalten die Basalzellen
des Bronchialepithels, wobei ca. 5 %0 der Stadtbewohner eine Belastung zwi-
schen 5000 und 11000 mrem/Jahr erhalten, obwohl Salzburg-Stadt als Gebiet
mit ,normaler* Umweltradioaktivitit betrachtet wird. Im Fall von Bergarbei-
tern und Bewohnern bzw. Arbeitern in Radonkurorten wurden Dosisberech-
nungen fiir verschiedene Bevolkerungsgruppen durchgefithrt, wobei die spe-
zifische NRU durch die zentrale 90-%-Masse der Daten charakterisiert ist.
Bei ungiinstigen Arbeitsbedingungen im Untertagbergbau kann die beruflich
bedingte Dosis der Basalzellen — zusitzlich zur Dosis durch die NRU wih-
rend der Freizeit — annihernd 4000 mrem/Jahr erreichen. Dieser Wert wird
sogar noch iibertroffen von Arbeitern in Radontherapiestationen, die eine
Bronchialepitheldosis bis zu 22000 mrem/Jahr erhalten. Da Inhalation von
Radon und Zerfallsprodukten als Ursache fiir die Induktion von Lungenkrebs
anzusehen ist, wurde das Risiko fiir die Entstehung von Lungenkrebs auf-
grund der NRU-Exposition berechnet. Diesen Berechnungen lagen Angaben
tiber die spontane Lungenkrebshiufigkeit und von epidemologischen Unter-
suchungen an Uranbergarbeitern zugrunde. Sogar bei Verwendung von kon-
servativen Annahmen iiber das Risiko konnen moglicherweise bis zu 100 %
aller spontanen Lungenkrebsfille unter Nichtrauchern in einer ,normalen®
Umwelt auf die Inhalation von Radonzerfallsprodukten zuriickgefiithrt wer-
den. Fiir einige Arbeiter in den Hotels und Therapiezentren der untersuchten
Radonkurorte ist das Risiko einer Lungenkrebsinduktion bis um einen Fak-
tor 10 erhoht gegeniiber dem eines Bewohners der Stadt Salzburg. Das Risiko
durch NRU-Exposition kann groffer sein als das Risiko durch kiinstliche
Radioaktivitit oder auch andere Risiken (inklusive Strafenverkehr) in der
Umwelt des Menschen.

1. Introduction

In the past the radiological impact resulting from man’s exposure to the
natural radiation environment (NRE) has been underestimated. This is in
contrast to the widespread concern about environmental contamination and
associated risks due to the intended large scale use of nuclear technologies,
e. g. for power production. In order to assess any risk from a certain action,
such as the introduction of a new technological process, it is necessary to
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relate this risk to a defined baseline. Already in 1960 it was suggested to
use for this purpose the “natural background radiation” [1]. At present the
use of this concept is proposed again in the mathematical treatment of risks
from low-level radiation exposure and appropriate setting of standards for
the general population. It is suggested that a level of man-made radiation
is acceptable if this level is “small” compared to the natural background;
“small” should be taken as the standard deviation of the population weighted
natural background [2,3]. Also international radiation protection recom-
mendations and regulations of national committees define the NRE as the
point of reference for all legislative definitions of the maximum permissible
radiation burden from man-made sources [4, 5]. This concept has the follow-
ing inherent advantages:

a) mankind has always been exposed to the NRE during all stages of evolu-
tion, resulting in a steady-state exposute to a temporally constant level
of risk;

b) the level of this risk can only be partially influenced by technical means,
e. g. choice of building material and ventilation conditions in the building.

The situation is complicated by the fact that even the presently valid
recommendations by the International Commission on Radiological Protec-
tion (ICRP) states that its dose limits are not intended to apply to “normal”
levels of natural radiation. At the same time ICRP admits that there is no
sharp dividing line between levels of natural radiation than can be regarded
as “normal” and those that are more elevated owing to human activities or
choice of environment [6].

Therefore, the practical application of the concept is associated with great
difficulties because of the rather ambiguous definition of the terms “natural”-
and “background radiation” Man ceased living in a “natural” radiation
environment during all of his evolution. Since then his various activities
resulted finally in such a modification of his NRE that today man is increas-
ingly exposed to technologically enhanced natural radioactivity (TENR).
This leads to the request for jurisdiction over the use and occurrence of
naturally occurring radioactive material and the formation of special national
and international committees, e. g. US-Task Force on Natural Radioactivity
Contamination Problems [7] or OECD/NEA Group of Experts on Radon
Dosimetry and Monitoring [8]. Furthermore, the quantitative determination
of the radiation burden resulting from the NRE is a complex task because it
results from the superposition of many components, some of which show
pronounced local and/or temporal variations. Significant differences of the
NRE can be found within every country, even within a small region such
as a town. Numerous investigations have been carried out on one or the
other component of the NRE [4]. However, in all cases only mean values
for population groups have been reported. This information has only limited
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use, since the knowledge of the mean dose value does not permit the assess-
ment of the number of people in high risk groups, who receive a dose e. g.
ten times higher than average. Even if it is possible to group the population
of a region according to the radioactive environment in which it is living,
the radiation burden is very different for various tissues and organs. There-
fore organ- and tissue-specific dose frequency distributions have to be deter-
mined for the given population.

This paper describes the demoscopical methodology developed and its
application in the assessment of the total radiation burden to different organs
and tissues from the NRE. Three population groups, living, resp. working
in very different radiation environments were studied:

a) an urban population in a typical European city, representative for the
“normal” NRE;

b) miners in non-uranium mines, working only in an elevated NRE;

c) inhabitants and workers in a radon spa area, living and working at ele-
vated levels of natural radioactivity.

The potential risk for radiation induced somatic damages, resulting from
the exposure to the specific NRE is determined and compared to risks from
other man-made sources.

2. Sources of the natural radiation environment

Man is irradiated externally by cosmic rays and by natural radioactive
nuclides in the geological subsoil, construction material and atmosphere;
the latter representing the terrestrial gamma radiation component. Due to
incorporated natural radionuclides the human organism receives also internal
irradiation via the main pathways inhalation and ingestion (Fig. 1).

2.1 Cosmic rays

Cosmic rays in the lower layers of the atmosphere consist of an ionizing
and a neutron component. Although the ionizing component has been studied
extensively for the last fifty years, data in the literature differ up to 40 %o
[9, 10, 11]. At present the most probable value for the dose outdoors due
to the ionization component is 28 mrad/yr at sea level [4]. Indoors shielding
occurs due to attenuation of the incident electrons. This results in a reduc-
tion of the absorbed dose, e. g. in the case of a concrete layer within a thick-
ness of 200 mm about 15 %/ as compared to outdoors [12].

As large uncertainties are associated with data on the neutron component,
neutron flux densities have been reported which vary by almost a factor 3
[13]. For estimates of the annual absorbed dose at sea level and latitudes
above 40° 0.4 mrad is the most likely value.
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2.2 Terrestrial gamma radiation

Outdoors about 98 % of the external exposure results from the members
of the 238U-series. 232Th-series and “°K contained in the ground; the gamma
flux from radon daughters in the air accounts for the rest under normal
atmospheric conditions. About 65 %0 of the total exposure rate from naturally
occurring sources in the ground results from photons with an energy between
0.5 and 2 MeV and a mean of about 1 MeV [14].
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Fig. 1: Compartmental description of external and internal sources of the natural radioactive
environment (NRE) and their impact on man

Indoors the gamma dose level is mainly determined by the content of
226Ra, 232Th and *°K in the construction material used. The material can act
both as an additional source of radiation and in most cases also as shielding
material against the gamma radiation from sources outdoors. Only in the
case of thin wall-construction (<C10 gcm~-2) and using materials of low
density, e. g. prefabricated wooden buildings, gamma radiation originating
outdoors will also contribute significantly to the exposure indoors.

2.3 222Rn, 22°Rn and their decay products

Radon is exhaled from the soil, rocks and construction material and is
always present in the atmosphere outdoors as well as indoors. Radon and its
decay products, incorporated via inhalation, cause in parts of the respiratory
tract the highest radiation dose from all natural sources.

Outdoors and indoors radon concentration changes temporally because of
the influence of meteorological parameters, resp. ventilation conditions. The



14 F. Steinhausler

influence of the former was studied indoors in closed rooms in dependence
of 24 meteorological variables [15]. The results of the multiple regression
analysis showed that the statistically significant variables can be grouped
into two categories, signifying the influence of exhalation on the radioactivity
in room air and the dependence on the atmospheric stability conditions in
the lower layers of the atmosphere (Tab. 1).

Table 1

Statistically significant meteorological variables showing influence on different radionuclides
(Ai) contained in room air and the time delay (At) before their influence becomes
effective indoors (15)

Meteorological variable Effective Radionuclide effected
period At Ai
(hours)

Influence on exhalation:

Dropping barometric pressure 24 220Rp, 222Rn, 212Pb, 214Pb
Rising soil temperature 24 222Rn, 212Pb, 2!4Pb
Rising mean temperature outdoors 24 222Rn, 212Pb

Stability effect:

Change of daily mean wind speed 24 220R n, 222Rp, 212Pb, 214Pb
Temperature gradient of surface layer

atmosphere 0 222R p*

Change of relative humidity outdoors 7 220Rp, 222Rp, 212Pb, 214Pb
Change of temperature and its daily

range outdoors 24 222Rp, 212Pb, 214Pb

Other nuclides not investigated.

Indoors radon is exhaled from the construction material and deemanated
into the air from domestic use of drinking water and natural gas. The con-
tribution to the radiation burden of the general public from the latter source
is significant [16]. Domestic water causes a contribution to the indoor radon
level typically in the order of about 10-* of the radon concentration in the
water [17]. This means that water with a radon concentration exceeding
10 nCi/l, e. g. in areas with elevated radium content of the subsoil or the use
of radon-rich water indoors in spas, represents a source that can contribute
significantly to the atmospheric indoor radon level.

The most important source for human exposure to atmospheric radon
decay products results from radon released indoors from the building mate-
rial of surrounding walls, ceiling and floor. The exhalation rate is dependent
on the material content on 2?6Ra and 232Th as well as characteristics of the
emanating surfaces, such as porosity and surface coating. Building materials
generally have an exhalation of about 0.1—2 atoms/kg . s; however, some
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natural materials (e. g. light-weight concrete in Nordic countries) can have
exhalation of up to a factor 100 higher [18]. Also due to technological pro-
cesses certain industrial waste products, recycled as construction material
(e. g. phosphorgypsum from fertilizer production), can contain elevated levels
of 226Ra [19]. This causes a significantly increased radiation burden for the
inhabitants [20].

Indoor radon concentration is also largely influenced by the ventilation
conditions, which are dependent on both the living patterns of the inhabitants
and meteorological conditions outdoors. Due to the influence of the ventila-
tion rate and the plate-out of free and aerosol-attached radon decay products
on different surfaces, radioactive equilibrium between radon and decay pro-
ducts is hardly ever reached in inhabited rooms.

2.4 Dietary intake of natural radionuclides

Natural radionuclides are incorporated through the uptake of food and
drinking water. After resorption from the gastro-intestinal tract into the
bloodstream they are deposited in all organs.

Major sources of incorporated radionuclides, such as 4K and “C, take
part at the normal metabolism and reach a constant level in the different
tissues, which is independent of the dietary nuclide content. Other ingested
natural radionuclides of significance for the human exposure, e. g. the bone-
seeking long-lived nuclides of the 238U- and 2*2Th-series, are accumulated
continuously. Normally the dose contribution from natural radionuclides
incorporated with the diet is low as compared to the other sources of the
NRE, except for 4K (see 5.3).

3. Methodology of measurement

Fig. 2 shows the information required for the assessment of the individual
organ-specific dose, i. e. characteristics of the individual life-style and phys-
iology, annual mean values for the atmospheric concentration of radon
and decay products, radionuclide content in food stuffs as well as the mean
external irradiation by cosmic rays and terrestrial gamma radiation. The
large amount of data needed for each individual necessitates the development
of a suitable methodology [21].

3.1 Preoperational planning
a) Urban population

In many countries of the industrialized parts of the world the majority
of the people live in an urban environment. Therefore the dose assessment
of urban dwellers is representative for the largest part of the population.
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Representative for the urban population a typical European city, Salzburg
(Austria), was selected. About 130000 inhabitants live at 425 m above sea-
level at the exit of the Salzach valley on the slope of the Northern Calcerous
Alps. The geological subsoil consists mainly of lime stone and gravel with
a generally low content of natural radionuclides. Therefore Salzburg has the
lowest mean gamma dose rate outdoors of all major Austrian cities [22].
The climatic KOPPEN-classification is Cbf, i.e. moderately warm rain cli-
mate with a mean temperature of the warmest month below 22°C, at least
four months with mean temperatures of 10°C higher and precipitation
during all months [23]. Architectural styles of buildings inhabited comprise
of modern prefabricated concrete/glass/steel-constructions as well as medieval
buildings made of natural stone.

PERSONAL DAILY LIFE PATTERN PHYSIOLOGICAL CHARACTERISTICS

MEAN RADIOACTIVE ENVIRONMENT

( INDOORS/OUTDOORS )
cosMIC
OCCUPATION TIME SPENT DIETARY RADON RAYS
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WORK) DURING WORK, UPTAKE DECAY- GAMMA
SPA‘;;:”‘E' PRODUCTS Eﬁig
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INHALATION OF RADON AND DECAY- EXTERNAL IRRADIATION
PRODUCTS AND INGESTION OF FROM COSMIC RAYS AND
NATURAL RADIONUCLIDES TERRESTRIAL GAMMA ~ RADTATION

I

INDIVIDUAL ORGAN-SPECIFIC DOSE CALCULATIONS

Fig. 2: Personal, physiological and radiological input data for calculation of the dose
to different organs from exposure to the NRE

Based on statistical information from the municipal department of statis-
tics the number of measurements in each urban district was determined
according to the specific population density. Information on professions,
sex and age of the inhabitants permit the assessment of the amount of time
spent indoors and outdoors during various activities. Since in our civiliza-
tion, particularly in the Northern hemisphere, man spends up to 90 % of
his time indoors, main emphasis has been put on indoor measurements,
such as private homes, offices, schools and production sites. Altogether
729 test-persons of different ages and professions from various districts of
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the city were selected for this study. None of them were professionally ex-
posed to ionizing radiation.

b) Nown-uranium miners

It is well known that the somatic risk for the induction of lung cancer
is increased for uranium miners by a factor 4—S$ as compared to the general
public due to the exposure to elevated levels of radon and decay products.
However, this increased risk is not limited to uranium miners only. Also
miners of other minerals as well as workers employed in large tunnel pro-
jects (road works, hydroelectric power plants) can receive an increased
radiation burden from the NRE due to their professional activities, although
initially they are not considered as radiation workers at all. Therefore it is
very important for radiation protection purposes to assess the dose to non-
uranium miners.

In Salzburg and Upper Austria 14 underground- and open pit mines and
two tunnels for a hydroelectric power plant in Salzburg with altogether about
2000 workers were selected for this project. The majority of measurements
were carried out at the actual work sites. In the mines measurements were
performed repeatedly at different seasons to account for the varying ventila-
tions. Furthermore, office- and storage-rooms were also included in the
program.

¢) Inbabitants and workers in a radon spa area

Water, containing high concentration of radon 222 naturally, is used in
many countries for therapeutical treatment of different diseases. No recom-
mendations from international organizations deal with the potential risk from
the exposure to increased levels of radon and decay products for the patient;
only a few countries apply radiation protection measures for the employees.
There are no results available from epidemiological studies on population
groups living in areas with increased exposure to radon and decay products!.

In Badgastein, Austria, the geological subsoil is formed by gneiss and
micaschist and shows generally elevated radioactivity. However, the largest
contribution to the radioactive environment results from the 19 thermal
springs with a daily supply of about 5 108 liters of water (temperature up
to 48°C) and a mean 222Rn concentration of 40 nCi/l.

From this water about 1 million liter (mean radon concentration: 41 nCi/])
is supplied to the radon spa Bad Hofgastein, situated about 8 km south of
Badgastein. In both spas the thermal water is not only delivered to treatment
centers, but also to a large number of spa hotels (about 120 in Badgastein

! An exception is the comprehensive investigation on chromosome aberrations in the
lymphocytes of the peripheral blood of inhabitants and workers in the radon spa area
of Gastein [58].
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and 55 in Bad Hofgastein). These hotels have their own bathrooms and treat-
ment facilities. Nearly all of the radon transported by the thermal springs
(73 Ci/yr) is deemanated into the atmosphere of both spas. A large propor-
tion of the radon is expelled into the open atmosphere during collection of
the thermal water at the spring heads located in the center of Badgastein
and in the reservoirs of both spas. The amount of radon remaining in the
water (mean radon concentration in the bath water is 10—13 nCi/l for Bad-
gastein and 15—20 nCi/l for Bad Hofgastein) is deemanated almost com-
pletely indoors during the therapeutical use, mainly by the taking of baths.
From the bath rooms radon enters the atmosphere of other rooms, including
living- and sleeping rooms of spa hotels because in most cases suitable ven-
tilation systems are missing. The main difference between the two radon
spas is the fact that Badgastein receives about 800 (58 Ci/yr), but Bad
Hofgastein only 20 %6 (15 Ci/yr) of the total amount of radon delivered by
the springs [24].

In this study the inhabitants of the village Bockstein were included. This
village is situated 5 km south of Badgastein and it has no thermal springs,
spa hotels or radon treatment centers. However, the geological subsoil of
Bockstein shows even higher levels of natural radioactivity than in Bad-
gastein. This is partially reflected in the radionuclide content of the con-
struction material used, e. g. stones for wall constructions.

Near Bockstein a special form of radon treatment is offered, the socalled
“Thermal”- or “Health Gallery” In this former mine the mean atmospheric
radon concentration is 3000 pCi/l with a temperature up to 41°C. It has
been used for therapeutical treatment (radon inhalation) since 1949. Em-
ployees entering the gallery up to 292 hours/yr receive very high doses. Since
their number is very small and the conditions for this treatment procedure
are unique in the world, the results from the investigation of this specific
NRE as well as the dose/risk assessment are not included in this study and
have been published elsewhere [59].

Dose and associated risk have been assessed for the following population
groups: inhabitants of Badgastein, Bad Hofgastein and Béckstein, living and
working in building without treatment facilities; inhabitants of Badgastein
and Bad Hofgastein, working and, in the most cases, also living in spa hotels
(with radon treatment facilities) or special treatment centers. The latter
groups include employees in radon treatment facilities, e. g. bath attendants,
nurses and laboratory personnel as well as hotel staff. Also in many cases
hotel owners or managers live with their families in the spa hotels.

3.2 Measurements of components of external radiation sources

Cosmic rays can be measured only with special dosimeters, which show
a linear response up to very high energies. However, in most cases it is
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sufficient to calculate the dose contribution from data in the literature, e. g.
UNSCEAR-reports [4, 13]. For a given site elevation above sea-level and
geomagnetic latitude have to be taken into consideration.

For the measurement of external gamma radiation a specially developed
low-level scintillation dosimeter with a variable time-constant was used [25].
This instrument has an isotropic and energy-independent response from
30 keV to 2.5 MeV, which corresponds almost to the range of gamma ray
energies from the NRE. All measurements were corrected for the simul-
taneously measured, altitude dependent contribution from the cosmic ray
component. Therefore the data represent the terrestrial gamma radiation
without cosmic rays. In underground mines this correction was unnecessary
because the cosmic ray component was mostly absorbed by rock- and soil
layers above.

In the urban and spa environment more than 600, resp. 2000 measure-
ments were taken outdoors in front of the selected site and indoors at dif-
ferent floors, e. g. basement, staircase, living- and working-rooms. In mines
over 500 readings were performed at actual work sites as well as in buildings
and outdoors (tailings, etc.) in the mining area. In the mines investigated the
following minerals were mined: gypsum, coal, salt, quartz, koalin and copper.

In order to quantify the contribution of NRE-source terms samples of soil,
rock and construction material were analysed for their content on the natural
radionuclides 238U, 226Ra, 232Th, 228Th and %K. Since the different nuclides
can be discriminated most accurately by the gamma radiation emitted, spe-
cific nuclide concentration was determined with low-level gamma specrom-
etry. The experimental set-up of the gamma spectrometer consists of a
Ge(Li)-detector with lead shielding, a multichannel analyzer (MCA) and
computerized data-storage and -evaluation [26]. The Ge(Li)-detector has an
efficiency of 279/ relative to a 3”X3” Nal(Tl)-crystal and a resolution of
2.5 keV (%9Co). The gamma spectra stored in the 4096 channel-MCA are
analyzed on-line with a PDP-8/F computer for the nuclide concentration.
Homogenized samples were dried and stored in air-tight polyethylen con-
tainers for 3—4 weeks. This prevents the escape of the gaseous ?22Rn and
permits the measurement of the ?26Ra concentration by using the gamma
rays emitted by the short-lived radon decay products.

3.3 Measurement of components of internal radiation sources

The most important contribution to the dose from internal irradiation
results from inhaled radon and decay products. Due to the large temporal
and local variations of these nuclide concentrations a sampling method was
developed which improves the assessment of mean values based on grab-
sampling.
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For the project “urban environment” five “control-stations” with defined
ventilation conditions were installed, representing different materials and
architectural styles. At these stations double-filter devices were used to carry
out two or more daily measurements of 222Rn, 24Pb and 2!2Pb [27]. Thus
long-time mean values were obtained for the control-stations. At several
hundred sites (living-, sleeping- and working-rooms), related to the test-per-
sons selected (see 3.1), in about 250 additional private and public buildings
and outdoors radon grab-samples were taken at different seasons. For this
purpose specially developed air-bags were used [28]. These grab samples were
measured for radon with an ionization chamber in connection with a high-
input resistance FET-electrometer [29]. The deviation of the 22?Rn-concen-
tration at the control stations from the long-term mean values was used as
a factor for correcting the grab sample-radon values against diurnal fluctua-
tions. All values were corrected in this manner and therefore temporal mean
values could be calculated for the respective sites. Altogether over 5000 mea-
surements of radon and decay products were carried out in the urban envi-
ronment.

In the mines, associated buildings and outdoors more than 600 radon
grab-samples were taken at different season and ventilation conditions in
the manner described. In general the atmospheric nuclide concentration in-
creases with the age of the air used for ventilation of the mine. In order to
assess the upper possible value for given working conditions the concentra-
tion of short-lived radon decay products was determined in the mine exhaust
air (60 measurements) at selected sites, using single-filter devices and asso-
ciated nuclear electronics as published [21].

In the spa region of Gastein temporally integrating sampling procedures
were used in addition to radon grab-sampling. For this purpose the sample
container is filled slowly during many hours with an electric pump of low
flow-rate (typically: 2 1/hour). Thereby the sample is representative for the
mean radon concentration during the collection period, e. g. a working day.
A total of over 2000 grab- and integral-samples was collected in the two
spas Bad Hofgastein and Badgastein, as well as in the neighbouring village
Bockstein.

For the determination of the dietary uptake of natural radionuclides ran-
dom samples of basic food were taken from local stores and analyzed with
the gammaspectrometric method described (see 3.2). Drinking water was
sampled from local water supply systems, both at the well-heads and reser-
voirs as well as at the consumer endpoint at different seasons. Temporal
fluctuations of the 22°Ra- and 2??Rn-concentration in the water and their
dependence on environmental (meteorological, hydrological) parameters was
studied, using extensive statistical correlation analysis. The radionuclide con-
centration of about 2000 water samples was determined with ionization
chambers [29].
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4. Results of measurements

4.1 Terrestrial gamma radiation
a) Citizen in an urban environment

Fig. 3 shows the frequency distribution of outdoor and indoor annual
terrestrial gamma dose rate D, (without cosmic ray contribution) in the
urban environment of Salzburg. Both histograms are asymmetrical and have
positive skewness with a coefficient of variation ¢,>>33%. Therefore the
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Fig. 3: Frequency distribution of the terrestrial gamma dose rate (D,’)
in the urban environment of Salzburg city

data were transformed logarithmically and the goodness-of-fit of a Gaussian
distribution with the transformed values was checked with the Chi-Square-
and Kolmogorov-Smirnov-test [30]. The population of Salzburg receives
a low exposure by indoor terrestrial gamma radiation: 90 % receive an ex-
posure rate of D,” < 60 mR/yr; only for about 19 is 100 < D,’< 139 mR/yr.
With the transformed data characteristic measures of central tendency
(median, x) and dispersion (central range of data [crd]) were calculated
(Tab. 2). The latter represents the dispersion of the median value [30]1. Also

! The dispersion around the median value (crd), i.e. (median) (factor of dispersion)*1
is characteristic for a given lognormal distribution.
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contained are the extreme values (min, max). It can be seen that the median
indoor exposure is about 30 higher than outdoors. This exceeds the
estimated global average ratio of indoor to outdoor exposure of 18 %o con-
siderably because of the very infrequent use of wood as building material
in Salzburg, whereas UNSCEAR assumes 20 %0 of all buildings worldwide
to be made of wood [4].

b) Occupational contribution for non-uranium miners

The histogram of the data on the terrestrial gamma dose rate (D,’) of non-
uranium miners is shown in Fig. 4; all data, except for underground mining,
were corrected for cosmic ray contribution. Due to similar characteristics
for the frequency distribution to the data for Salzburg city (¢,.>>50%), loga-
rithmic transformations were used and median and central range of data
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Fig. 4: Frequency distribution of the occupational terrestrial gamma dose rate (D,’)
for non-uranium miners (1920 working hours per year)

determined. For 8090 of the open-pit miners the gamma dose rate during
working hours amounts to less or equal to 15 mR/yr; the same percentage
of underground miners are exposed to about twice this dose rate. In both
cases, however, the contribution from D, received by the miner during work-
ing hours is insignificant! as compared to levels he is exposed to during non-

! The term “significant” is used, if the compared values proved to be significant after
application of the two-sided U-test at a level of significance &« < 0.1 [30].
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occupational activities, e. g. indoor exposure in residential dwellings. Al-
though about 5 % of the underground miners are exposed to a dose rate of
70 £ D,/<160 mR/yr, the crd-values cover about the same range as for the
indoor exposure of citizens in an urban environment (see Tab. 2, 3). The

Table 2

Median (u), extreme values and central range of data (crd) of the terrestrial gamma dose
rate D)’ (Salzburg city)

Type of exposure D," (mR/yr)

u min max crd
Indoors 39 14 139 30—62
Outdoors 30 7 121 22—43
Table 3

Median (u), extreme values and central range of data (crd) of the terrestrial gamma dose
rate D, (non-uranium miners, 1920 working hours per year)

Type of exposure D,' (mR/yr)
1t min max crd
Open-pit mining 9 4 24 6—15
Underground mining 24 1 156 10—60
In the mining area:
a) Outdoors 7 6 29 5—10
b) Indoors

(offices, workshops,
changing rooms,
etc.) 14 4 41 9—22

median occupational exposure of underground miners corresponds with the
median outdoor exposure in Salzburg city, which also indicates that the
profession of non-uranium miners contributes little to the overall gamma
exposure from the NRE.

¢) Inhabitants and workers in radon spas

After the necessary logarithmic data transformation (c,>>33 %) median
(«) and central range of data (crd) were calculated (Tab. 4) for the radon
spas Badgastein (Bg) and Bad Hofgastein (Bh), as well as for Béckstein (B6).

The exposure of inhabitants and workers to terrestrial gamma radiation
is significantly elevated in the Gastein area as compared to D,’-levels for
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citizens of Salzburg due to the elevated radionuclide content of subsoil and
building materials as discussed in section 3.1/c. The results from measure-
ments in the spa hotels and treatment centers show that — compared to
other indoor measurements — the contribution from atmospheric radon
decay products to the gamma exposure rate is very small.

Table 4

Median (1), extreme values and central range of date (crd) of the terrestrial gamma dose
rate (Gastein area)

Type of exposure D," (mR/yr)
I min max crd

a) Badgastein (Bg)

Outdoors 67 20 180 40—102
Spa hotels and treatment centers 110 40 160 84—145
Other buildings — Center 93 26 200 49—154
Periphery 102 29 180 75—137
b) Bad Hofgastein (Bh)
Outdoors 40 5 145 23— 58
Spa hotels and treatment centers 67 23 128 40—102
Other buildings 67 6 163 40—102
c) Bockstein (Bo)
Outdoors 102 23 198 67—137
Indoors 137 43 286 93—189

In all three areas investigated the median indoor exposure D, is elevated
between 35 %0 and 45 %o compared to outdoor. This is an agreement with
the result obtained in Salzburg city and confirm that the use of bricks and
stone predominantly as construction material increases the terrestrial gamma
dose rate indoors.

d) Soil and building material

In Salzburg city and the Gastein area soil samples were analyzed with
gammaspectrometric methods for their concentration of 238U, 226Ra, 232Th,
328Th and 4K (Tab. 5). ?*0ra and thorium are significantly elevated in Bad-
gastein compared to Salzburg and Bad Hofgastein. This is in agreement with
the elevated terrestrial gamma dose rate D, for Badgastein.

The results of the building material samples in Salzburg city generally
showed very low nuclide concentrations; also the standard deviation for
samples of the same group of materials was small. One exception was an
orange-coloured ceramic tile with high U/Ra-content, which resulted in a
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gamma dose rate at the surface of almost 300 mR/yr. In the meantime this
product has been taken off the market because of concern about radiation
protection.

42 Atmospheric concentration of radon and decay products

Since all radon frequency distributions were more or less asymmetrical
with positive skewness (c,>>339), all data were transformed as described
(see 4.1).

Table §
Natural radioactive nuclides in soil and building materials
Sample Nuclideconcentration (pCi/g)
238(J 226R 3 232} 228Th 10K
Soil:
Salzburg 21+1.1 0.9+0.3 0.6+0.1 0.6+0.1 7+0.4
Hofgastein 0.4+0.3 0.6+0.1 0.6+0.1 0.7+0.1 8+0.3
Badgastein — Center 1.5+0.8 1.9+0.2 1.5+0.2 1.5+0.2 14+1.0

Periphery 0.8+0.7 1.4+0.2 1.0+£0.2 1.1+0.2 11+1.0

Building material from
Salzburg city:

Sand <0,5 0,3+0.1 0.2+0.1 0.2+0.1 2+0.1
Gravel 0,4+0.4 0.3+0.1 0.2+0.1 0.2+0.1 2+0.1
Clay brick 1.6+1.3 1.2+0.1 0.2+0.1 1.5+0.1 27+1.0
Ceramic tile 1.4+1.3 1.4+0.1 1.0+0.1 1.1+0.1 6+0.3
(light coloured)

Ceramic tile (orange) 473+ 14 124+ 30 1.2+0.3 1.6+0.1 6+0.3

a) Urban environment

The histograms of annual mean radon 222 concentration values indoors
and outdoors in Salzburg city are shown in Fig. 5. The outdoor radon values
reflect the generally low levels of the NRE in this area: almost 50 %0 of the
cases are below or equal to 0.2 pCi/l, compared to an average surface air
concentration worldwide of 0.1 pCi/l [31]. Indoors about 70 % of the rooms
have annual mean radon levels or equal to 0.6 pCi/l, which is also low in
comparison to the global average radon concentration indoors of 1pCi/l [4].
However, despite this low radon concentration in most cases, in about 15%o
of the rooms the annual mean radon concentration ranges from 1—5 pCi/l.

Similar to the ratio indoors/outdoors for the terrestrial gamma radiation
also the median radon concentration is elevated by about 40 %/o inside build-
ings compared to the atmosphere outdoors (Tab. 6).



.26 F. Steinhdusler

Table 6

Median (un), extreme values and central range of data (crd) of atmospheric radon 222
(Salzburg city)

Type of exposure 222Rn-concentration (pCi/l)

u min max crd
Indoors 0.4 <0.1 5.2 0.3—0.7
Outdoors 0.3 <0.1 1.3 0.1—0.5

From the results of the indoor filter measurements the mean ratio
214Pb  222Rn was determined as 0.6 + 0.1. This is slightly higher than the
average equilibrium factor F=0.5 found in buildings of Europe, U.S.S.R. and
U.S.A. [4]. However, neither of the buildings investigated in Salzburg city
had air-conditioning or forced air-heating systems, which are in wide-spread
use in U.S.A. and cause a reduction of this ratio due to increased air move-
ment and -filtration.

|
%
A
30 1
7] 1
20 o | 4o
INDOORS | OUTDOORS
R -1
10 - 20
7] T
pCi/1 pCi/l
0 B B ceeel g O — B e SRR .
0 0.4 0.8 135 » 0o 0.4 0.8 »1

Fig. 5: Frequency distribution of the atmospheric radon 222-concentration
in the urban environment of Salzburg city

At the control stations the long-lived 222Rn-decay product 2!Pb and the
220Rn-decay product 2'2Pb were measured as well, the latter contributing
significantly to the dose of the respiratory tract [49]. The mean values at
the different stations ranged from 0.04—0.2 fCi/l for 219Pb, resp. 10—60 fCi/l
for 212Pb,



Environmental natural sources of ionizing radiation and their impact on man 27

b) Non-uranium mines

The radon levels in the open-pit mines investigated correspond with the
outdoor radon concentration in the urban environment. Both, median radon
concentration and frequency distribution show that mining in open-pits does
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Fig. 6: Frequency distribution of the radon 222-concentration
in the air of non-uranium mines

not increase the atmospheric radon levels (Fig. 6, Tab. 7). This is in contrast
to underground mines, where radon levels are significantly elevated as com-
pared to the urban environment. Whilst in 30 %0 of the cases radon levels
are below 3 pCi/l, about /3 of the work sites has radon values between 6 and

Table 7

Median (), extreme values and central range of data (crd) of atmospheric radon 222
(non-uranium mines)

Type of exposure 22Rn-Concentration (pCi/l)
u min max crd

Open-pit mining 0.2 <0.1 1.5 0.1— 0.3
Underground mining 6.2 <0.1 104 3 —12
In the mining area:

a) Outdoors 0.1 <0.1 0.9 <0.1— 0.1

b) Indoors

(Offices, workshops, 0.4 <0.1 7.3 0.3— 0.6

changing rooms, etc.)
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18 pCi/l; over 1090 range from 18—30 pCi/l, resp. even exceed 30 pCi/l.

Neither open-it, nor underground mining activities show any influence
on the median radon concentration outdoors or inside structures in the
mining area, e. g. offices or maintainance building (Tab. 7). Median concen-
tration and central range of data show no significant difference to cor-
responding indoor values of Salzburg city.

In underground mines measurements of the atmospheric concentration of
radon decay products were carried during natural ventilation conditions as
well as during additional mechanical forced ventilation. The results show
that for natural ventilation the mean ratio 214Pb 222Rn during working hours
is 0.5 £ 0.2. Additional forced ventilation reduces this ratio to 0.4.

¢) Radon spas

Fig. 7 (B, D, E) contains the histograms of the atmospheric radon concen-
tration outdoors, indoors and in the radon spa hotels and treatment centers
in Badgastein (Bg) and Bad Hofgastein (Bh); for comparison, the correspond-
ing data are presented for Bockstein (Bo) in Fig. 7 (A, C). Median (), extreme
values and central range of data (crd) are given in Tab. 8.

Table 8

Median (pt), extreme values and central range of data (crd) of atmospheric radon 222
(Gastein area)

Type of exposure 22Rn-Concentration (pCi/l)
1t min max crd

a) Badgastein (Bg)

Outdoors 0.7 <0.1 9.6 0.1— 3.0

Spa hotels and treatment centers 6.4 0.2 150 1.5—27

Other buildings — Center 1.8 <0.1 17 0.6— 5.0

Periphery 1.1 <0.1 6.1 0.3— 3.5

b) Bad Hofgastein (Bh)

Outdoors 0.3 <0.1 1.5 0.1— 0.8

Spa hotels and treatment centers 1.9 0.2 17 0.3—10

Other buildings 0.5 <0.1 6.8 02— 1.5
c) Bockstein (Bo)

Outdoors 0.4 <0.1 2.0 0.1— 1.6

Indoors 2.2 <0.1 16 0.7— 6

Due to the radioactive springs originating in Bg the median radon content
outdoors is about twice as high as for Bh or Bo; for the latter two the median
outdoor values correspond to the median urban level. The influence of the
springs can also be seen in the histogram (Fig. 7B), where the data for Bg
account for those 20 %o of the outdoor radon values exceeding 2 pCi/l.
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Fig. 7C, D show the frequency distribution of the indoor radon concen-
tration in private and public buildings, not directly related to spa activities
(homes, offices, shops, etc.) in Bg and Bh, together with data from Bo, which
has neither radioactive springs nor treatment facilities. About 70 % of the
living- and working-rooms in the spas — compared to 45 %o for B6 — have
an indoor radon concentration of less or equal to 2 pCi/l. For about 15 %o
of the rooms in Bg and Bh, but 40 %/o for B&, the radon concentration ranges
from 3 to 9 pCi/l; in B& 10 %0 of the rooms even exceed 9 pCi/l.

The median indoor level in building with no radon water supply is only
slightly higher in Bh than in the urban environment of Salzburg (see Tab. 6).
Therefore the radon treatment in a spa house shows only little influence
on the indoor radon level in other buildings.

The corresponding values for Bg are higher. This may be caused mainly
by the presence of the radioactive springs and the thermal water reservoirs
in the center of the town. It could also be attributed to the large number
of spa hotels in the center, which have a high consumption of thermal water.

In B6 the construction material and the subsoil contain an elevated con-
tent of natural radionuclides, causing an increased exposure rate D, (see
Tab. 4) and also elevated exhalation of radon from the walls indoors. This
leads to a median indoor radon concentration more than five times the
value for Salzburg city.

In spa hotels and treatment centers of Bg and Bh the median radon con-
centration is higher by almost 400 %6 than in rooms of other buildings in the
spa area (Tab. 8). About 55 % have a radon concentration between 3 and
18 pCi/l (Fig. 7E). The rest of the data presented in this figure account for
the situation in Bg only, i. e. rooms with radon concentration between 18 and
150 pCi/l, since the maximum radon value for Bh is 17 pCi/l. The median
radon concentration in spa hotels and treatment centers of Bg is 6.4 pCi/l,
which is similar to conditions in non-uranium mines. Furthermore it is higher
by more than a factor 3 compared to Bh.

Radon decay products were measured indoors in private and public build-
ings as well as in spa hotels and treatment centers (altogether 150 measure-
ments). The mean ratio 24Pb 222Rn for both data pools is 0.5+0.3 in
agreement with the corresponding values determined for buildings in the
urban- and mining-environment.

43 Radionuclides in food and drinking water

The results from the gammaspectrometric investigation of the radionuclide
content of food and agricultural products are contained in Tab. 9. In general
both groups of samples show low concentration of natural radionuclides in
the order of 100 fCi/g, resp. pCi/g for *°K. In many cases, especially for 238U
and 228Th, the nuclide concentration of the sample is even below the lower
limit of detection.
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Corresponding to the low natural radioactivity of Salzburg city also the
222Rp and 226Ra content of the drinking water is low. The nuclide concen-
tration in the water at a given site shows pronounced short- and long-term

Table 9

Natural radioactive nuclides in agricultural products and food

Sample Nuclide concentration in pCi/g
238J 226R 5 232Th 228 40K
Agricultural products:
Oats 20+1.0 0.1+0.1 0.1£0.1 0.1+0.1 3.3+0.3
Maize 1.5+1.5 0.1+£0.1 0.1+0.1 <0.1 26+0.3
Barley 0.5+0.3 1.0+0.4 <0.1 <0.1 3.9+03
Wheat <05 <0.1 <0.1 <0.1 3.6+0.3
Rye <0.5 <0.1 <0.1 <0.1 23403
Food:
Flour 3.0+2.0 0.1+0.05 0.1+0.05 0.3+£0.1 5.0+0.3
Farinaceous products <0.5 0.1+0.1 <0.1 0.1+0.1 1.5+0.2
Crumble <0.5 0.4+0.3 <0.1 <0.1 1.0+0.3
Rice <0.5 0.1+0.05 0.1+0.05 0.1+£0.05 <0.5
Sugar <0.5 0.1+0.05 <0.1 0.1+0.05 <0.5
Dried milk <0.5 0.3+0.1 <0.1 <0.1 14 +0.8
Freeze dried coffee <0.5 0.2+0.1 <0.1 24+0.1 7.8+0.4
Tea (Ceylon) <0.5 0.2+0.1 0.1+0.05 0.3+0.1 9.9+0.5
Mushrooms (leukopl. c.) <0.5 <0.1 <0.1 0.5+0.1 32 +1.2
Mushroom-soup <0.5 0.7+0.1 0.1+0.06 <0.1 2.3+0.3
(powder)
Table 10

Median (u), extreme values and central range of data (crd) of the radon 222- and radium
226-concentration at 6 control stations of the urban drinking water system of Salzburg city

Nuclide Concentration (pCi/l)

n min max crd
Radon 222 15 <0.1 131 4 —60
Radium 226 1.5 <0.1 8.2 03— 7

variations. As an example Fig. 8 shows the seasonal variations of ??2Rn with
a minimum during springs months and a maximum in the winter. Applying
linear correlation theory rainfall and snow cover of the ground in the supply
area showed statistically significant influence on the nuclide concentration
in the drinking water [32]. Therefore only long-term measurements permit
the determination of statistically significant mean values.
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at control station No. 1 Salzburg/Austria (565 measurements)
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The median radon- and radium concentration of the drinking water is
15 pCi/l, resp. 1.5 pCi/l (Tab. 10). It is interesting to note the large range of
radon values, covering three orders of magnitude. The range of radium values
is smaller, indicating the lower variability of the radium content of drinking
water due to changing environmental influences. The median radon and
radium concentration of the well- and groundwater-samples are not staisti-
cally different from each other and were found to be 28 pCi/l for 222Rn,
resp. 0.8 pCi/l for 22%Ra.

5. Dose distribution in the human organism due to external and internal
sources

5.1 Dose due to external irradiation

The annual dose contribution to all organs resulting from cosmic radiation
(D,) was calculated from published data [4]; Taking into consideration alti-
tude above sea-level and geomagnetic latitude the following values were
used: D, (Salzburg city) = 38 mrem; D. (open-pit mines) = 40 mrem;
D, (Gastein area) = 45 mrem; D. (underground mines) was considered
neglegible because of cosmic ray absorption by bedrock layers between sur-
face and underground work-site.

The measured exposure dose due to external gamma radiation (D,, see 4.1)
is converted into the organ-specific annual absorbed dose (D,) by the follow-
ing equation:

D,=C(F, 2Dy ;t;+ Fou 2 Dout.i t)) (1)
where:
D, mean annual organ gamma dose (urad)
C=0.96 factor for transformation of D, (uR/hr) into D, (urad/hr)
F,, Fou organ-specific gamma dose attenuation factor in buildings,

resp. outdoors

Dy, iy Dout. i exposure rate at site i in buildings, resp. outdoors (u«R/hr)
ti time spent at site i (hrs); 2" ¢; = 8760 hrs

Attenuation factors F,, F,, were applied for 7 different organs and tissues,
differentiating between male and female [33].

5.2 Dose due to inhalation of radon and decay products

For the calculation of the dose distribution in the respiratory tract a suit-
able mathematical lung model (“LUMO”) was used, which permits the
determination of the probability for the deposition of inhaled radionuclides.
With the use of a hybrid-computer the influence on the nuclide deposition
was studied for the following parameters: age, sex, body size, weight, phys-
ical activity and aerosol characteristics [34]. It could be shown that children
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receive an increased radiation burden up to 2.7 times the dose of adults
living under the same environmental conditions. Fig. 9 shows as an example
the dose as a function of age for the tissue with the highest radiation burden
(see below); however, also the dose to all other organs is age-dependent.

300 -

200 —

100 —

DOSE IN % OF ADULT VALUE

! | ! | T I o
0 10 20 30

AGE IN YEARS

Fig. 9: The dose to the basal cells of the segmental and subsegmental bronchioles as a
function of age under constant nuclide concentration in the respiratory air and aerosol
characteristics

Continuous inhalation of constant levels of atmospheric radionuclide con-
centration results in a dynamic equilibrium condition between deposition,
clearance and radioactive decay of the particles inhaled. This equilibrium
activity is the basis for all further dose calculations for different parts of the
respiratory tract as well as for other organs.

Maximum nuclide deposition occurs at the segmental and subsegmental
bronchioles. The basal cells of the bronchial epithelium are considered to be
the critical target for the induction of lung cancer due to inhaled radon and
decay products. Therefore — besides the assessment of doses to different
lung compartments (e. g. pulmonary or tracheo-bronchial compartment) —
it is necessary to take into consideration the local distribution of the radiation
energy absorbed at the cellular level in order to quantify radiation-induced
biological effects [35, 36].
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Based on dose calculations for adults [37] the annual organ-specific dose
due to inhaled radon and decay products was calculated as a function of
age, sex and weight (D) using the equation:

D= A 3 Ryt + Buyw 3 Rmizity g doy g @)

where:

A, Busw organ-specific dose conversion factors!

R radon concentration at site ¢ (pCi/l)

L time spent at site 7; X' #; = 8760 hrs

D, annual mean respiratory minute volume for Reference Man
(= 13.8 I/min)

&, (a) actual respiratory minute volume for a given age (a)
according to the physical activity at site i

b, actual adult respiratory minute volume
according to his physical activity

2 factor calculated from decay product ratio at site 7

dyl mean relative deposition value [34]

The factors z; are a function of the atmospheric decay product concentra-
tion [37].

5.3 Dose due to ingestion

The content on natural radionuclides of food and water samples from Salz-
burg did not differ significantly from values reported in the literature for
various population groups living in “normal” environments [4]. Therefore
published data were used for overall dose contribution to gonads, bones and
bone marrow from ingested nuclides (D,), which is only small and amounts
to less than 1 mrem/yr from each of the radionuclides *C, 87Rb, 226Ra, 2?8Ra,
20pg, 238 [38, 39]. Only in the case of *°K the corresponding organ dose
values range from 15 to 19 mrem/yr.

6. Results of dose calculations

6.1 Dose frequency distributions for an urban environment

The mean annual contribution of the single organ-specific dose compo-
aents were calculated for each of the 729 test persons in Salzburg city, using
the dosimetric methods described (see §.). The sum of the dose contributions
(D., D,, Dy, D) represents the mean total dose D the subject receives

Contained in Tab. 1, Ref. [37], and applying age-dependent dose modifying factors
(iom Tab. 2, Ref. [61].
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from the urban NRE. With the individual values D histograms were com-
puted for selected radiation sensitive tissues and organs, applying quality
factors of 1 for »- and 10 for «-radiation (Fig. 10).

The dose range for those organs which are predominately influenced by
external radiation (D,, D,), i. e. gonads, bones and bone marrow, is only 1.7.
For liver, blood, kidneys and alveolar tissue the dose range was found to be
60—135, 60—190, 60—325 and 100—3900 respectively. This indicates the
increasing influence of inhaled radon decay products in sequence of the men-
tioned organs. For the respiratory tract the contribution from D, is sig-
nificantly higher than for all other components. This causes the dose values
to cover the range of 92 for the bronchial epithelium, although the popula-
tion lives in the same, relatively small urban environment.

Whilst gonads, bones and bone marrow receive an annual dose in the range
from 60 to about 115 mrem, the critical target for lung cancer induction —
the basal cell layer — receives a dose more than an order of magnitude
higher. Although the general level of the NRE in Salzburg is low, it is
remarkable that for these cells /3 of the population receive between 2000
and 5000 mrem/yr. Almost 3 %, i. €. over 3000 people, are exposed to levels
ranging from 5000 to 10700 mrem/yr. This large range of individual doses
is only caused by differences in the radionuclide content of the construction
materials and architectural style of dwellings. Since this heterogenity is also
typical for many other European cities, similar results can be expected for
those areas.

6.2 Radiation burden for employees in the mining industry

Based on the data from external terrestrial gamma radiation (D,’) and internal
exposure from inhaled radon decay products the occupational dose was cal-
culated for two model miners. In the case of “disadvantageous working con-
ditions” it was assumed that mainly heavy physical work is carried out in
underground mines with low ventilation rates. “Typical working conditions”
described the case of an employee in an underground mine with median
exposure levels of D, and median atmospheric radon- and decay product
concentration. The model parameters are defined in Tab. 11. For these two
cases the accumulated occupational dose was calculated for the basal cells
of the bronchial epithelium.

Under normal circumstances the dose due to the occupational exposure of
a miner is of the same magnitude as for a citizen, i. e. 1—2 rem/yr. However,
under disadvantageous working conditions the dose exceeds this “typical”
dose level up to 300 %o. This can lead to an accumulated occupational dose
of almost 40 rem in an employment period of ten years.

In the case of open-pit mines both the external gamma dose rate (D,’) and
the atmospheric radon and decay product concentration are low and of the
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same order as the data for the urban environment. Therefore the occupational
dose for employees in this industry is not significantly different from the
NRE-exposure of a citizen.

Table 11

Parameters used for the calculation of radiation-dose ranges, assuming typical and dis-
advantageous working conditions in an underground non-uranium mine

Parameter Working conditions
Typical Disadvantageous

Radon-concentration (pCi/l) S 10
Decay-product-ratio RaA RaB RaC 0.9 04 03 1 06 04
Gamma dose rate (mR/a) 25 60
Respiratory minute volume (I/min) 43 43
Age at start of employment (years) 20 20
Annual working time (hours) 1920 1920
Annual dose to the basal cells of the

bronchial epithelium (rem) 1.5 4

6.3 Radiation exposure for inhabitants and workers
in a radon spa

Whilst for the 4-year subproject “urban NRE” (Salzburg) the continuous
assistance of several laboratory technicians was available, for technical rea-
sons the subproject “radon spa NRE” could be carried out only during sum-
mer/autumn-vacation times and additional short periods during other sea-
sons. Therefore the demoscopical method used for the determination of dose
frequency distributions in Salzburg was substituted by subdividing the popu-
lation of Badgastein, Bad Hofgastein and Bockstein into characteristic groups
of inhabitants and workers (see 3.1)!. The specific NRE was characterized
by both the median (y) levels for denoting “typical” exposures, as well as
the central range of NRE data (crd). In this manner also the range of prob-
able dose values due to the NRE-exposure was determined. The persons are
defined to be adult male, carrying out light physical work (respiratory minute
volume: 27.6 [/min) for 1920 hours per year. It was assumed that in the area
of residence 90 %o of the time is spent indoors and 10 %o outdoors. The
results represent the range of probable dose values received by adult inhabi-
tants and workers in the Gastein area (Tab. 12). In the case of children age
dependency of absorbed dose can increase these values by 240 %o [24]. It is
emphasized that these dose values do not represent extreme values expe-

! Individual doses were calculated for 122 persons in the investigation on chromosome
aberrations [58]. However, part of this group includes staff of the “Thermal Gallery”
(see footnote 1), chapter 3.1/c). Therefore none of these individual dose values could be
used in this paper.
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rienced by only a small percentage of the population, since they are based
on the 90%o-central range of typical data (see 4.1/a).

The values in Tab. 12 refer to adults only. As already mentioned in sec-
tion 5.2 the dose values have to be multiplied with age-dependent dose modi-
fying factors in the case of children, who are in all population groups men-
tioned.

Table 12

Median (Dy) and central range of values (Dera) of the total dose D from the exposure to
all external and internal radiation sources of the NRE in the Gastein area for gonads and
basal cells of the bronchial epithelium for different population groups (Adults only)

Person D (mrem/yr)
Gonads Bronch. epithelium
D!‘ Dera D[l Dcrd
Badgastein:
(I) Living and working in radon 140 120—160 5300 1300—21 900
spa hotels or treatment centers
(Il) Working as above and living 140 110—160 3000 750—11 900
in other buildings
(IIT) Living and working in 130 100—180 1600 600— 4 400

buildings (in the center)

without radon water supply

Living and working as above, 130 120—160 1000 350— 3200
but in the periphery

(v

Bad Hofgastein:

(I Living and working in radon 110 100—130 1600 350— 8200
spa hotels or treatment centers
(II} Working as above and living 110 100—130 1100 300— 4 500
in other buildings
(IIT) Living and working in build- 110 100—130 500 250— 1400
ings without radon water supply
Bockstein:
(I) Inhabitant 160 130—200 1900 800— 4 800

Residence in the Gastein area results in an increased radiation dose from
the NRE as compared to residence in the urban environment of Salzburg city.
The typical gonad dose for a person living in Badgastein is higher than the
maximum dose received by a Salzburg citizen. This is not only due to the
characteristics of the spa, since the corresponding value for an inhabitant
of Bockstein is of the same order of magnitude.

The influence of the radioactive springs on the atmospheric radon content
is indicated in the about 50 /o higher dose value of the bronchial epithelium
(basal cells) for an inhabitant in the center of Badgastein compared to a
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resident in the periphery. However, as high a dose can be caused by either
an elevated radionuclide content of the construction material or increased
radon exhalation from the subsoil as in the case of Bockstein, i.e. up to
5000 mrem/yr.

7. Risk assessment

Exposure of man to ionizing radiation represents a quantifiable risk for
the induction of somatic and genetic damage in the biological target. How-
ever, whilst genetic mutations from low-level gonadal exposure of man
(31—39 rem) have not been observed [40], new results report about a rela-
tionship of incidence of cancer death with external natural background
radiation [41]. In recent years it has generally been recognized that the risk
of inducing cancer at low doses of radiation is as great or even far greater
than the genetic risk [42]. Therefore in the following the emphasis is on the
assessment of risks for cancer induction.

Since every human action is associated with a certain level of risk, it is
appropriate to judge levels of risk due to radiation exposure by comparing
them with risks from other non-radiation environmental hazardous agents.
This approach is prevailing in the revised assessment of occupational radia-
tion protection criteria by the International Commission on Radiological
Protection (ICRP). This Commission compares risk in radiation work with
that for “safe” industries, i. e. annual mortality less or equal to 10-* [6].
The inherent advantage of the ICPR-risk proposal is the possibility to deter-
mine the total risk to man resulting from the exposure to various environ-
mental hazardous sources.

7.1 Somatic risk due to inhaled radon decay products

Inhalation of radon and its short-lived decay products causes the highest
radiation burden to man from all sources of the NRE. Even in a “normal”
urban environment the median dose to parts of the respiratory tract exceeds
the corresponding gonadal dose by a factor of 13, for some persons it can
be higher by more than a factor of 100. Therefore inhalation of short-lived
radon daughters represents the greatest risk from all natural radiation
sources.

At present the only reliable data available for risk assessments from radon
daughter exposure are derived from epidemiological studies of uranium
miners. The exposure conditions of these miners resemble those of non-
uranium miners, except for the magnitude of the exposure. However, apply-
ing the information derived from the correlation of past exposure and lung
cancer induction amongst miners to NRE-exposure indoors or in radon
spas is a controversial issue for the following reasons [43]:
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Quality of radiation data:

The base for any risk assessment from inhaled radionuclides is the quan-
titative information on the atmospheric nuclide concentration and aerosol
characteristics. However, the quality of the data describing the past
radon and decay products content, fraction of unattached atoms, and
particle size distribution in uranium mine atmospheres is insufficient,
e. g. the data are derived from a few or even single measurements per
year in some sectors of a given mine, thereby disregarding large temporal
an local variations.

Environmental characteristics:

Extrapolation to the general population of risk factors derived from
the lung cancer rate among miners may be invalid because of large dif-
ferences in the environments:

— the suspected or known carcinogenic agents (ore dust, acid-, diesel
fumes) contained in the uranium mine atmosphere are different to
the pollution- and aerosol characteristics of the indoor atmosphere
in dwellings and radon spas, also with regards to the air pollution
due to industrial activities and traffic;

— breathing rates of occupants of dwellings differ largely from those
of miners, influencing the deposition pattern of inhaled radionuclides;

— levels of atmospheric radon daughter concentration in homes and
public buildings differ typically by one or two orders of magnitude
from those in uranium mines; this, however, is not valid for some
parts of radon spas;

— typical equilibrium factors for radon daughters in mines and indoor
environments of homes differ by a factor of two;

— the respective contribution of radon 222- and radon 220-daughters
may be quite different in mining environments and indoor environ-
ments of houses;

— occupancy factors are about 0.8—0.9 for inhabitants of houses, but
only 0.3 for workers in mines.

Absolute, relative and competing risk models:

— results of the risk assessments even for comparable pupulations of
American and Czechoslovakian uranium miners are unsatisfactory.
Applying the absolute risk concept, the analysis of the lung cancer
data revealed that the absolute risk coefficient for the Czechoslovakian
data is higher by a factor of 8 than for the U. S. data [44]. Only by
substituting the relative for the absolute risk concept, i. e. by assuming
that the additional lung cancer mortality is a function of the lung
cancer mortality expected in the absence of radiation, reduces the
discrepancy between the risk coefficients for the data sets to a factor
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of 1.8. However, reservations have been expressed on the use of
the relative risk model [45];

— neither risk evaluation has taken into account the effect of lethal risks
other than radiation-induced cancer. This requires the consideration
of competing risks in the analysis of the dose-response relation-
ship {46];

— radon exposure of the uranium miner between induction of lung
cancer and death (“wasted exposure”) is unknown and causes an
underestimation of the true risk factor.

With regard to the influence of smoking it has been found amongst CSR-
uranium miners that the portion of smokers amongst miners was equal to
the frequency in the general male population [47]. Since it is indicated that
decreasing exposure rates are accompanied by an increasing risk of lung
cancer induction per unit of cumulative radiation exposure [48], the use
of the risk assessment for uranium miners is not likely to overestimate greatly
the actual risk for low-level exposure in urban or spa environments. Based
on the latest UNSCEAR report [4] the lifetime risk factor (r;) for lung cancer
induction from the inhalation of radon daughters ranges from 200—450.10-¢
per WLM! exposure of the bronchial epithelium. The exposure of 1WLM
corresponds according to the lung model by HOFMANN etal. [24, 60]
to a dose of about 4 rem for a mean respiratory minute volume of about
20 I/min. Taking into consideration the above mentioned differences between
urban, spa and uranium mining environment, the lower risk value r, was
used in the following calculations, i.e. #, =50 10-% per rem. However, it
has to be emphasized that these risk estimates do not represent precise num-
bers but are associated with large uncertainties due to incomplete or incon-
clusive data. Also the quantitatively unknown synergistic action of radon
and daughters with non-radioactive environmental pollutants or carcinogens
adds to the above mentioned uncertainties in the risk assessment from inhaled
radon daughters only [49].

7.2 Lung cancer incidence

The present average lung cancer rate in Salzburg-Land (rg) is rg=
344 10-S%/yr [50]. In order to assess the contribution from radon daughter
exposure only (rp,) it is necessary to determine the annual number of “spon-
taneous” lung cancer cases? in a non-smoking population (r,,). Risk from

! One Working Level Month (WLM) corresponds to the amount of short-lived radon
decay products in one liter of air, releasing the total alpha energy of 1.3 10° MeV. This
corresponds to the equilibrium radon concentration of 100 pCi/l. The exposure of 1 WL
during 168 hours is defined as 1 WLM.

2 But it has to be considered that “spontaneous” lung cancer rate comprises the cancer
cases due to the influence of air pollution and radon decay products in a “normal” environ-
ment,
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smoking can be assumed to represent a major contribution to the overall
induction of lung cancer, since statistical analysis of data from five different
countries showed that a 15 %o increment in the average lung cancer death
rate was due to cigarette smoking per 103 cigarettes/yr [51]. Taking into
consideration the age distribution of the population and applying appropriate
risk factors the annual spontaneous lung cancer of non-smokers ranges from
30< 7, <100 10-6/yr [52—S54]. Under the above assumptions these values
represent the upper limit for the number of lung cancer cases attributable to
inhalation of environmental levels of radon and decay products.

An important parameter in the assessment of risk factors for lung cancer
induction is the mean latency period (L) for the tumor development. At
present information on variation with large age is scarce, however, it is indi-
cated that the excess lung cancer rate for workers exposed to high radon
levels is considerably higher, if exposure occurs at ages over 40 years as
compared to under 30 years of age [47]. Furthermore, the latency period is
shorter by 6—7 years for smokers exposed to elevated radon levels than for
non-smokers [55]. Analysis of US- and CSR-uranium miner data show that
the mean latency period is about 15 years [44].

For the population groups investigated the annual number of lung cancer
cases (rp,) due to radon and radon daughter exposure was assessed under
the following assumptions:

1. The risk for the induction of lung cancer cases (LC) in a population of
a given size (N) due to the accumulative exposure (resulting in an ab-
sorbed dose D, , see 5.2) is described by the absolute risk concept, i. e.
the standardized individual probability (r,) for radiation induced death
per dose unit

LC

™ N Dasw (3)

4]

2. The mean latency period (L) is independent of the age (a) at the onset
of exposure and
L =15 years.

3. The full expression of the total carcinogenic effect on lung tissue requires
a period (¢) of about 40 years [4].

4. The mean age (a) of all population groups in 40 years.

5. The relationship between exposure and lung cancer induction is linear.

From the above r,, can be calculated as:
TRn = % Dasu‘ N (d - L) (4)

For the urban population of Salzburg the total number of annual lung cancer
cases due to radon daughter exposure (7p,, nisto) Was calculated for each dose
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.interval of the histogram in Fig. 10 and summed over all intervals. It was
found that 50 lung cancer cases per million people can be attributed annually
to radon daughter exposure in the urban environment. About the same num-
ber is obtained, if the median exposure (1.5 rem/yr) is used for the risk calcu-
lations. Since dose frequency histograms are not available for the other popu-
lation groups investigated, risk calculations were carried out based on the
exposure data derived from the crd range of data (see Tab. 8, 11)!. For
comparison, this method was also applied on the urban crd-data of Salzburg
city in addition to the histogram-derived risk assessment (74, ..q). The total
risk for miners (occupational plus spare-time NRE-exposure) was calculated
assuming residence in a low-level NRE-area like Salzburg.

It can be seen from Tab. 13 that in the urban environment most “spon-
taneous” lung cancer cases 30 < r,, < 100 (see above) can be attributed to
the exposure to radon decay products in an urban environment like Salzburg
(7 1w misto = 50)

For non-uranium miners of the mines investigated the risk for lung cancer
induction due to professional exposure to elevated levels of radon decay
products can be increased up to 300 %o compared to a “citizen”, depending
on the radon levels and ventilation conditions at the work site. However,
under advantageous conditions, i. e. lower values of the crd-range of NRE-
data, the additional occupational risk is small.

Inhabitants of the Gastein area are exposed to a wide range of risk values
(rr.) with lower and upper differing up to a factor of 25. This is due to their
different occupations and place of residence. The group with the highest risk
are people living and working in spa hotels and treatment centers, especially
in Badgastein. For some people in this group — using the data from Fig. 7
and Tab. 8 — the risk for lung cancer is about twice is high as the observed
lung cancer rate (rg). However, since the total number of persons exposed
in this group is only in the order of several hundred, it is very difficult to
observe any potentially increased lung cancer rate with epidemiological
methods due to statistical problems.

The risk 7, is reduced by about 50 % for those spa workers, who take
residence in other buildings without radon treatment facilities. Other spa
inhabitants and workers, who live and work in buildings of the latter type,
are exposed to higher risks than in an urban environment only, if these
buildings are located in the center of Badgastein. However, equal risk can
result from residence and employment in Bockstein due to the generally
elevated NRE-levels in this village.

! This implies a conservative approach to the risk assessment, since the crd-exposure
data are a measure for the dispersion of the median value; therefore also the resulting
risk value represents a description of the median (“typical”) risk, resp. its dispersion for
the group concerned. However, the risk for those group members exposed to the upper
and lower range of NRE-levels differs significantly from this median risk.
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In Tab. 13 the risk ry, for different population groups is compared to
mortality rates from exposure to other health risks. It can be seen that the
risk from exposure even to “normal” environmental levels of radon and
decay products exceeds by almost one order of magnitude lethal risks from

Table 13

Comparison of standardized annual fatal risks (r) from different hazardous agents per
million people to the number of lung cancer cases due to inhalation of radon and decay
products (rrn)!

Hazard Risk 7 (10-6/yr)

Lung cancer from inhaled radon decay products (rzn):

Non-uranium miners 50—160
Radon spa area Gastein — Adults only

Badgastein
Living and working in radon spa hotels or treatment centers 40—680
Working as above and living in other buildings 20—370
Living and working in buildings (in the center) without thermal
water 20—140
Living and working as above (in the periphery) 10—100
Bad Hofgastein
Living and working in radon spa hotels or treatment centers 10—250
Working as above and living in other buildings 10—140
Living and working in buildings without thermal water 10— 40
Bockstein
Inhabitants 20—150
Salzburg city (ran, era) 10— 90
Salzburg city (rrn, nisto) — based on age- and sex-dependent dose 50
frequency distributions
Estimated spont. lung cancer rate for nonsmokers (rsp) 30—100
Observed lung cancer, Salzburg-Land (rs) 344
Lung cancer from benzo(A)pyrene (1 ng/m3) in city air (57) 24
Lung cancer from medical diagnostic X-ray (4) 5— 10
Traffic accidents, Salzburg city 150

The range of risk values for each group refers to the dispersion of the median
Since in the case of the inhabitants of Salzburg city individual dose assessments
were carried out, it was possible to calculate the risk based on the dose frequency dis-
tribution.

man-made radiation of chemical pollutants and can be of the same magnitude
as the use of motorized vehicles. It can to be pointed out that these risk assess-
ments for radiation induced lung cancer do not consider different radiation
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sensitivity of children. According to investigations amongst A-bomb survivors
the risk factor for children (0—10 years) may be higher up to a factor of 8
than for adults [56].

8. Conclusions

Exposure of man to the natural radiation environment results in a quanti-
fiable risk for somatic damage. This risk is mainly due to the inhalation of
radon and its decay products. Exposure to these nuclides may account up to
100 9/ of all spontaneous, non-smoking related lung cancer cases, even in an
urban environment with generally low natural radioactivity like Salzburg city.
It is probable that synergistic effects with other carcinogenic agents exist.
Therefore the influence of radon decay products in the NRE is of increasing
importance in the future with the anticipated higher atmospheric concentra-
tion of chemical pollutants.

The magnitude of this somatic risk can exceed other radiation- or non-
radiation related risks. Whilst there is justified public concern about cancer-
causing drugs, pollutants and man-made radiation exposure, the health
impact of the “natural pollutant” radon is greatly underestimated. It seems
probable that future exposure of man to radon and its decay products will
increase:

1. energy conservation measures demand the reduction of ventilation rates
and the increased use of air-recirculation. This will cause an increase of
both, radon levels and the dose determining equilibrium factor between
radon and decay products;

2. concern about the environmental impact of large amounts of industrial
waste products from e. g. coal power production, mining- and phosphate
industry, stimulates the recycling of these materials as building material.
Due to technological enrichment processes some of these new construction
materials show a high content of ??Ra, leading to increased radon exhala-
tion into the room atmosphere.

It will require extensive risk-benefit-cost analytical methods to assess appro-
priate action levels against any undesirable contamination of the environment
with the natural carcinogen radon and its decay products.

The risk in radon spas, especially for workers in the treatment facilities,
is unacceptably high. The reduction of the atmospheric content of radon
decay products by suitable ventilation techniques should be as common prac-
tice in spas as it has been in the past in uranium and other mines.

Major efforts are undertaken at national and international level concern-
ing the assessment of dose limits and action levels for man-made radiation
in accordance with the ICRP-ALARA principle (“as low as reasonally achiev-
able”). It should be taken into consideration that this risk from man-made
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exposute is considerably smaller than the risk man is exposed to from the
natural radiation environment — and the biological target “man” cannot
discriminate between the two.

Acknowledgements

The author wants to thank the following organizations for the financial
support of this work:

International Atomic Energy Agency (Contract No. 1493/RB), Fonds zur
Forderung der wissenschaftlichen Forschung (Projekte Nr. 928 und 2657),
Stiftungs- und Forderungsgesellschaft der Paris-Lodron-Universitdt Salzburg,
Akademischer Senat der Universitit Salzburg, and the former Research Insti-
tute Gastein of the Austrian Academy of Science.

References

1. FRIEDELL, H. L.: Somatic Radiation Doses for the General Population: Report of the
Ad Hoc Committee of the National Commission on Radiation Protection and Measure-
ment. Science 131, 482 (1960).

2. WEINBERG, A. M.: On Dose-Response and Standard Setting. Environment Internat. 1,
285 (1978).

3. EISENBUD, M.: On the Concept of De-Minimis Dose. Proc. Ann. Meet. Nat. Council
on Rad. Prot. and Meas., Washington, U.S. A. (1980).

4. UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC
RADIATION: Sources and Effects of lonizing Radiation. Report to the General
Assembly, United Nations Publ., No. E.77.I1X.1, New York (1977).

5. Osterr. Strahlenschutzgesetz, Bundesgesetz BGBI. 1969/227 (1969).

6. INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION: Recom-
mendations, Publ. No. 26 (1978).

7. TASK FORCE No. 7: Report on Natural Radioactivity Contamination Problems, Conf.
of Radiation Control Program Directors, U.S. A. (1977).

8. STEINHAUSLER, F.: Summary of Meeting of NEA-Group of Experts on Radon
Dosimetry and Monitoring. Proc. Specialist Meeting on the Assessment of Radon and
Daughter Exposure and Related Biological Effects (Ed.: G. Clemente, F. Steinhiusler,
M. E. Wrenn), RD Press, University of Utah, Salt Lake City, U.S. A. (1982).

9. LOWDER, W. M., BECK, H. L.: Cosmic Ray lonization in the Lower Atmosphere.
J. Geophys. Res. 71, 4661 (1966).

10. GEORGE, M. J.: New Data on the Absolute Cosmic-ray Ionization in the Lower
Atmosphere. ]J. Geophys. Res. 75, 3693 (1970).

11. YEATES, D. B.,, GOLDIN, A. S., MOELLER, D. W.: Radiation from Natural Sources
in the Urban Environment. Harvard School of Publ. Health, HSPH/EHS-70-2 (1970).

12. LAUTERBACH, U.,, KOLB, W.: Beitrag d. kosm. Strahlung zur natiirl. Strahlenbel.
in Wohn- und Aufenthaltsraumen. Proc. 12th Ann. Meet. Fachverb. f. Strahlenschutz
e. V., “Radioakt. u. Umwelt”, 11/993 (1978).

13. UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC
RADIATION: Ionizing Radiation, Levels and Effects. Report to the General Assembly,
United Nations Publ., No. E.72.1X.17, New York (1972).

14. BECK, H. L.: The Physics of Environmental Gamma Radiation Fields. Proc. Symp.
Nat. Rad. Env. II, Houston, U.S. A., NTIS-CONF-720805-P1, 101 (1972).



48

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

F. Steinhadusler

STEINHAUSLER, F.: Long-term Measurements of Rn 222, Rn 220, Pb 214 and Pb 212
Concentrations in the Air of Private and Public Buildings and their Dependence on
Meteorological Parameters. Health Phys. 29, 705 (1975).

STEINHAUSLER, F.: Assessment of the Radiation Burden to Man from the Technolog-
ically Enhanced Natural Radioactive Environment. Turkish Atomic Energy Commis-
sion, Technical Journal, Vol.7/2, 55 (1980).

CASTREN, O., ASIKAINEN, M., ANNANMAKI, M., STENSTRAND, K.: High Natu-
ral Radioactivity of Bored Wells as a Radiation Hygienic Problem in Finland. Proc.
4th Internat. Congr. Int. Rad. Prot. Ass., Paris, Vol. 3, 1033 (1977).

JONASSEN, N., McLAUGHLIN, ]J.P.: Exhalation of Radon 222 from Building Mate-
rials and Walls. Proc. Symp. Nat. Rad. Env. III, Houston, U.S. A., CONF-780422 -Vol. 2,
DOE Symp. Ser. 51, 1211 (1980).

STEINHAUSLER, F.,, HOFMANN, W., POHL, E.: Problems Related to Radon in
Dwellings. Workshop-Report Nordic Soc. Rad. Prot. Meet. “Natural Radioactivity in
Our Environment” (Ed.: F. Devik, Statens Inst. f. Strahlenhygiene, @steras, Norway),
Geilo, Norway (1980).

BAUM, G. R.: Die Strahlenexposition von auffen in der Bundesrepublik Deutschland
durch natiirliche radioaktive Stoffe im Freien und in Wohnungen unter Beriicksichti-
gung des Einflusses von Baustoffen. Bericht d. Bundesmin. d. Inneren, B.R.D. (Ed.: Inst.
f. Strahlenhyg. d. Bund. Ges. amt., Berlin) (1977).

POHL, E., STEINHAUSLER, F., HOFMANN, W., POHL-RULING, J.: Methodology of
Measurement and Statistical Evaluation of Radiation Burden to Various Population
Groups from all Internal and External Natural Sources. Proc. of Biological and Envi-
ronmental Effects of Low-Level Radiation, IAEA, Vienna, Vol. II, 305 (1976).

TSCHIRF, E., BAUMANN, W., NIESNER, R.: Die Strahlenbelastung der Osterreich.
Bevolkerung durch natiirliche, durchdringende Umgebungsstrahlung im Freien. Manuskr.
zu der Strahlenkarte des BM. f. Gesundh. u. Umweltsch., Atominstitut d. osterr. Hoch-
schulen, Wien (1975).

TOLLNER, H.: Klima und Witterung der Stadt Salzburg. Zentralanstalt f. Met. u. Geo-
dyn., Publ. Nr. 211, Wien (1976).

POHL, E.: Probleme des Strahlenschutzes in der Balneotherapie beim Umgang mit
natiirlich radioaktiven Heilmitteln (Wasser und Luft). Fachtagung des Osterr. Verbandes
f. Strahlenschutz, Seibersdorf, 43 (1977).

KOLB, W., LAUTERBACH, U.: A Scintillation Dose Rate Meter for Environmental
Surveys. Proc. 2nd Symp. Nat. Rad. Env., Houston, U.S.A., NTIS-CONF-720805-P],
245 (1972).

HOFMANN, W., STEINHAUSLER, F., PFLIGERSDORFFER, P., POHL, E.: Gamma-
spektrometrische Untersuchungen des Gehaltes an natiirlich radioaktiven Nukliden in
der Biosphire. Proc. Jahrestagung d. Osterr. Verb. f. Stahlenschutz, Wien, “Aktuelle
Probleme des Strahlenschutzes”, Wien, 135 (1979).

MARK, T.: Eine Apparatur hoher Empfindlichkeit zur Messung der natiirlichen Radio-
aktivitit der Atmosphire. Ber. Med.-natw. Ver. Innsbruck, 71 (1969).

POHL-RULING, J., STEINHAUSLER, F., POHL, E.: Investigation on the Suitability
of Various Materials as ??Rn Diffusion Barrier. Health Phys. 39, 299 (1980).

POHL, E., POHL-RULING, J.: Determination of Environmental or Occupational
Rn 222 in Air and Water and Ra 226 in Water with Feasible and Rapid Methods of
Sampling and Measurement. Health Phys. 31, 343 (1976).

SACHS, L.: Statistische Auswertungsmethoden. Springer-Verlag, Berlin (1972).
HARLEY, J. H.: Environmental Radon, U.S.-Energy Research and Development Admi-
nistration Rep. ERDA-CONF-730915 (1973).

STEINHAUSLER, F., DASCHIL, F., HOFMANN, W., POHL, E., POHL-RULING, J.:
The Influence of Environmental Parameters on the Temporal Variation of the Ra 226-
and Rn 222-Concentration in Drinking Water. Book of Abstracts, 25th Annual Meeting
of the Health Physics Society, Seattle, U.S. A., P/105, 26 (1980).



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Environmental natural sources of ionizing radiation and their-impact on man 49

STEINHAUSLER, F.,, HOFMANN, W., POHL, E., POHL-RULING, ]J.: Local and Tem-
poral Distribution Pattern of Radon and Daughters in an Urban Environment and
Determination of Organ Dose Frequency Distributions with Demoscopical Methods.
Proc. Symp. Nat. Rad. Env. III, Houston, U.S.A., CONF-780422-Vol.2, DOE Symp.
Ser. 51, 1145 (1980).

HOFMANN, W., STEINHAUSLER, F., POHL, E.: Age-, Sex- and Weight-Dependent
Dose Distribution Patterns for Human Organs and Tissues due to Inhalation of Natural
Radioactive Nuclides. Proc. Symp. Nat. Rad. Env. III, Houston, U.S. A., CONF-780422 -
Vol. 2, DOE Symp. Ser. 51, 1116 (1980).

HOFMANN, W., STEINHAUSLER, F.: Die Mikrodosimetrie der Alphastrahlung des
Radons und seiner Zerfallsprodukte zur Erkldrung biologischer Strahlenreaktionen auf
zelluldrer Ebene. Int. Symp. “Grundlagen der Radontherapie”, Bad Miinster, F.R. G,
1979. Z. angew. Bdder- und Klimaheilk. 26/4, 399 (1979).

HOFMANN, W., STEINHAUSLER, F.: Methodology of Cellular Lung Dosimetry for
Inhaled Alpha-Emitting Radionuclides. Ber. nat.-med. Ver. Salzburg 5, 59 (1980).

POHL, E., POHL-RULING, J.: Dose Calculations due to the Inhalation of Rn 222,
Rn 220 and their Daughters. Health Phys. 32, 552 (1977).

MUTH, H.: Bilanz der externen und internen natiirlichen Strahlenexposition. Proc.
Symp. “Die natiirliche Strahlenexposition des Menschen”, Georg Thieme Verlag, Stutt-
gart (1974).

KAUL, A., OBERHAUSEN, E., ROEDLER, H. D., WERNER, E.: Interne Strahlenexpo-
sition durch %K. Proc. Symp. “Die natiirliche Strahlenexposition des Menschen”, Georg
Thieme Verlag, Stuttgart (1974).

NEEL, J. V., SATOH, C., HAMILTON, H. B., OTAKE, M., GORIKI, K., KAGEOKA,
T., FUJITA, M., NERIISHIL, S., ASAKAWA, J.: Search for Mutations Affecting Protein
Structure in Children of Atomic Bomb Survivors: Preliminary Report. Proc. Natl. Acad-
emy of Sciences, U.S.A., Vol.77, 4221 (1980).

UJENO, Y.: Carcinogenic Hazard from Natural Background Radiation Japan.
J. Radiat. Res. 19, 205 (1978).

MORGAN, K. Z.: Cancer and Low Level lonizing Radiation. Bull. of the Atomic
Scientists, Sept. (1978).

STEINHAUSLER, F., POHL, E., HOFMANN, W.: On the Suitability of Epidemiolog-
ical Studies of Population Groups Exposed to Elevated Levels of Radon and Daughters.
Proc. Radon Specialist Meeting, Rome, Italy, March 1980 (in press).

JACOBI, W.: Das Lungenkrebsrisiko durch Inhalation von Radon 222-Zerfallsproduk-
ten. Biophys. 10, 103 (1973).

COHEN, B. L.: The BEIR-Report Relative Risk and Absolute Risk Models for Esti-
mating Effects of Low-Level Radiation. Health Phys. 37, 509 (1979).

GROER, P.: Environmental Biological Hazards and Competing Risks. Environm. Int.
1/6, 309 (1978).

SEVC, J.,, KUNZ, E., PLACEK, V.: Lung Cancer in Uranium Mines and Long-Term
Exposure to Radon Daughters. Health Phys. 30, 433 (1976).

ARCHER, V. E.,, RADFORD, E. P., AXELSON, O.: Radon Daughter Cancer in Man:
Factors in Exposure-response Relationships at Low Levels. Conf. Workshop Lung Can-
cer Epid. and Ind. Appl. Sput. Cytol.,, Colorado School of Mines Press, 342 (1979).
CLEMENTE, G.F., STEINHAUSLER, F., WRENN, M. E. (Editors): Panel discussions,
Proc. “Specialist Meeting on the Assessment of Radon and Daughter Exposure and
Related Biological Effects”, Rome, Italy, March 1980 (in press).

OSTERREICHISCHES STATISTISCHES ZENTRALAMT: Demographisches Jahrbuch
Osterreichs 1979; Beitrage zur Osterreichischen Statistik. Verlag: Osterreichische Staats-
druckerei, 1037 Wien, Heft 584 (1980).

VOHRA, K. G.: A Perspective on the Radiation Protection Problem and Risk Analysis
for the Nuclear Area. Internat. Atomic Energy Bulletin, Vol. 20, No. 5, 35 (1978).
DOLL, R.: Mortality from Lung Cancer Among Nonsmokers. Brit. J. Cancer 7, 303
(1953).



50

53.

54.
55.

56.

57.

58.

59.

60.

61.

F. Steinhausler

HAENSZEL, W., SHIKIM, M. B., MANTEL, N.: A Retrospective Study of Lung Can-
cer in Women. ]. Nat. Cancer Inst. 21, 825 (1958).

STRANDEN, E.: Radon in Dwellings and Lung Cancer. Health Phys. 38, 301 (1980).
FRY, R. M.: Radon and Its Hazard. Proc. OECD-Nuclear Energy Agency Specialist
Meeting, Elliot Lake, Canada (1976).

NATIONAL ACADEMY OF SCIENCES: The Effects on Populations of Exposure to
Low-Levels of Ionizing Radiation. Report of the Advisory Committee, National
Research Council, Washington, U.S.A. (1972).

MUKHER]JEE, R. N.: Comparative Biological Hazards of Chemical Pollutants and
Radiation. Internat. Atomic Energy Agency Bulletin, Vol. 20, No. 3, 31 (1978).
POHL-RULING, J., FISCHER, P.: The Dose Effect Relationship of Chromosome
Aberations to Alpha and Gamma Irradiation in a Population Subjected to an In-
creased Burden of Natural Radioactivity. Rad. Res. 80, 61 (1979).

UZUNOV, I, STEINHAUSLER, F., POHL, E.: Carcinogenic Risk of Exposure to
Radon Daughters Associated with Radon Spas. Health Phys. (in press).

HOFMANN, W., STEINHAUSLER, F., POHL, E.: Dose Calculations for the Respi-
ratory Tract from Inhaled Radionuclides as a Function of Age — Part I: Compart-
mental Deposition, Retention and Resulting Dose. Health Phys. 37, 517 (1979).
POHL, E., POHL-RULING, ]J.: Dose Distribution in the Human Organism due to
Incorporation of Radon and Decay Products as a Base for Epidemiological Studies. Proc.
Radon Specialist Meeting, Rome, Italy, March 1980 (in press).

Address of author: Univ.-Doz. Dr. F. STEINHAUSLER

Abteilung fiir Biophysik
Erzabt-Klotz-Strale 11
A-5020 Salzburg
Austria



ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Berichte der Naturwissenschaftlich-Medizinischen Vereinigung in
Salzburg

Jahr/Year: 1982
Band/Volume: 6
Autor(en)/Author(s): Steinhausler Friedrich

Artikel/Article: LONG-TERM INVESTIGATIONS IN AUSTRIA OF ENVIRONMENTAL
NATURAL SOURCES OF IONIZING RADIATION AND THEIR IMPACT ON MAN. 7-50



https://www.zobodat.at/publikation_series.php?id=20699
https://www.zobodat.at/publikation_volumes.php?id=37576
https://www.zobodat.at/publikation_articles.php?id=195184

