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Introduction
Beside of commonly applied radiation protection to practices, where natural radiation
sources (NRS) are utilised intentionally and consciously (mining of uranium,
radiotherapy by radium or radon etc), and where the principles of radiation protection
are fully applied, the approach to exposures from NRS obtained unintentionally and
unconsciously is considerably different and more reserved, although such exposures are
more frequent and mostly higher then exposures from NRS obtained intentionally and
consciously. There are two types of such exposures, first the exposure of the population
by radon in their homes, where the responsibility is on the houseowner, second the
exposure to radon (and to other natural radionuclides) in common workplaces, as
offices, workshops, underground workplaces etc and in workplaces processing natural
raw materials with enhanced levels of NRS and producing radioactive residues, where
the responsibility is on the employer. These two cases are, seen from the point of view
of law, markedly different and need different approaches of the radiation protection.

Both cases are treated by radiation protection as interventions against inadequate and
unacceptable high exposures and not as licensing or controlling of practices (leading to
exposure), according to international recommendation, e.g. the IBSS [1] or the Czech
Atomic Act [2] and the providing decree [3]. In such interventions it is emphasised
always, that interventions can be applied (are justified) only against such contributions
from the NRS, which are controllable by technical countermeasures or by changes in the
utilisation and/or of the regime and which are significantly higher above the
background, e.g. against higher levels of indoor radon, against higher levels of NRS in
building materials and in water and not against any levels of radon, against the content
of NRS in the body or in food (if not caused by human activities), against the terrestrial
and cosmic radiation (except for air crew) etc.

Radon Programmes for dwellings
a) Remediation of the risk

The case of exposure mentioned first is treated in National (State, Governmental) Radon
Programmes, which comprehends the responsibility of the whole society for these
exposures and the willingness, or the feeling of necessity, to help the citizens living
with this radon risk, it means to find out these houses (by targeted searching
programmes), to inform these citizens about the risk (to change the unknown risk to a
known one), providing them information about certified countermeasures, and at least
supporting them to realise these countermeasures (offering complete cover of
expensive, some financial support, relieves, advises). Action levels have to be given,
above which the adequate countermeasures are optimalized from the view of radiation
protection in the country. The Radon Programme applies to only some units of percents
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of the population, so also to a comparable part of the house stock. In Czechia these are
2%, about 200 000 citizens, or about 70 000 family houses, with an average annual
exposure of 16 mSv, but with a range from 2 up to 500 mSv, with a probability of lung
cancer incidence from radon 3.5 to 170 times [4] higher than the average value for the
Czech population.

In these houses the radon risk is caused by a combination of several factors: by the high
radon risk in the soil below the house, by the imperfect (or absent) barrier between the
ground and the living space and by the inconvenient ventilation regime of the users of
the house, therefore at least two factors can be improved.

b) Prevention of the risk

For the Radon Programme an inevitable part has to be the preventive approach ensuring
that henceforth houses with radon risk will not be built in the country. This could be left
on the responsibility of the prospective houseowners to ensure healthy conditions in the
future for the own family members or for tenants. Unfortunately the perception of risk
of lung cancers from radon is very low or negligible in the population of our country, as
it is in others. In that moment when the investor has to spend in addition about one
percent of the expenses of the house (or to give up of some less necessary part of the
house or in it), he decide as a rule unpreventively, irrationally. This can be explained in
such a way that the radon risks did not come into the awareness of the population to
respond adequately and knowingly. Unfortunately the radon risk is not impressed in the
mind of designers and building contractors also. There is no other way for the
overbridging of this irresponsibility as by a legal duty, i.e. to require this prevention by
the building codes. This experience was noticed also during the absence of such a duty
in our legislacy - from the invalidation of the decree No. 76/1991 by the Atomic Act in
July 1997 up to the validation of this duty by the novelisation of the Atomic Act
through the novelisation of the Building Act in July 1998 [5]. Really no investor
requested the measuring of the radon potential of the lot, although only from this
measuring he could get a quantitative measure of the radon risk needed by the designer
to design an adequate preventive radon countermeasure according to the national
standard CSN 73 0601, and not to design a surplus one and therefore dearly paid for.

Part of the complex preventive approach is also the preventive care over building
materials and water. In this direction the Czech Atomic Act imposes important duties on
producers and suppliers - to measure and to interpret the content of radium 226 in
building materials and the content of radon 222 and of other natural radionuclides in
water, and to announce the results to the office, including the supervision of the
performance of this duties. The providing decrees set the action levels and levels above
which supplying are forbidden.

An important part of the prevention has to get a programme of adequate, qualified and
systematic education of the population and of the specialists. The professional education
can start in public schools, continue in high schools and universities with a view to civil
engineering or ecology, culminating in postgraduate training courses for designers and
mitigating contractors. Qualified textbooks and technical literature must base the
education. Only in such a way radon will get for citizens, investors, designers and
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building contractors an adequately accepted and considered condition factor as dry,
warm, light, silence etc feeling in a dwelling, in a house, at home.

Radon Programmes for workplaces

In this sphere the radiation protection is still starting and looking for the systematic
approach. It is clear, that a common worker is, from the point of view of radiation
protection, someone between a member of the population and a radiation worker, with
radiation limits between 1 mSv and 20 mSv per year. A limit of 6 mSv is recommended
for this group [6]. From this results a radon concentration of 964 Bq/m3, rounded with
1000 Bq/m3 is derived, if annual working occupancy of 2000 h (whole working load),
average lung ventilation at light work of 1.2 m3/h and the conventional conversion
factor of 6.23 uSv/(Bq/m3) [7] is assumed. This value is given in the IBSS and also in
the providing decree of the Czech Atomic Act.

This solution leads to other troubles for the implementation of the radiation protection.
The authority has first to find out itself all work activities where exceeding of the limit
is possible [6]. A targeted searching programme must be started, similar as that for
searching dwellings with radon risk, with similar strategy - to target on areas with high
radon risk in the ground according to geological radon risk maps and to target on
workplaces situated in cellars and basements, in houses without cellars or with
imperfect barriers against the ground. Excluded can be workplaces where the production
requires higher exchange of air. From previous experience several workplaces with
higher radon concentrations are known - caves, water treatment plants, spas. Other
types of workplaces are plants extracting metals and processing minerals (fertiliser
production), where some places exist with higher concentrations of NRS resulting in
higher exposure from special operations (e.g. waste management).

In contrary to dwellings where the occupation time is high (in average 80% of the year,
or 7000 hours annually) the occupation time at work is markedly shorter (in average
20% of the year, or 2000 hours annually). Additionally important differences in the
ventilation and heating regime during and after working time have to be expected.
Therefore it is impossible to get a good estimation of the exposure by simple and cheap
integrating measuring devices (over days, weeks, months, a whole year). These are
mostly overestimating; it may be better for three-shift running. More appropriate are
devices measuring immediately or continuously with record.

With regard to the situation that the employer has not the duty for licence application he
must not put before the authority results of measuring about the fulfilment or not
fulfilment of radiation protection requirements. In contacts with employers therefore
one has to await rational or irrational attitudes, as are the attitudes of houseowners
toward the radon risk. Sometimes one can recognise interest on the new factor of risk or
apprehension about professional lung cancer and therefore with a willingness for co-
operation. In other cases one have to await a ban on entry

Conclusion

To implement radiation protection against natural radiation sources on workplaces with
unintentional and unconscious exposure to these sources of radiation is a new, but
interesting and important task which need new approaches, time, staff and effort
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