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The present state of knowledge of radiation effects, especially the assumption of a no-
threshold response for stochastic effects, supporting the idea that exposure to natural sources
of radiation represents a contribution to potential negative effects to general public and
workers.

The radiological impact of non-nuclear industrial processes (for example coal combustion
and phosphate fertilizer production), the exposure of the public and of the workers to natural
radiation in non-domestic environments (mines, caves, in-flight) and the indoor radon issue
received due attention from the Radiation Protection Organizations.

In the 1990 Recommendations of the ICRP (International Commission on Radiological
Protection) the chapter 5 "the system of protection for proposed and continuing practices"
deals with radiation protection in certain cases of occupational exposure to natural radiation
sources. The Commission recommends that there should be a requirement to include exposure
when can reasonably be regarded as the responsibility of the operating management. To
provide some practical guidance, the Commission proposes the following cases: operations in
workplaces where the radon needs attention and operations with and storage of materials which
contain significant traces of natural radionuclides. which have been identified by the regulatory
agency, operation of jet aircraft and space flight.

In the proposed CEC Directive there are also special statements concerning exposure to
natural radiation sources at work. Title IV requires that the Member States should first cany
out surveys to identify in which areas of their territory and for which practices and working
conditions workers are exposed in a significant manner to gamma radiation or radon from
natural sources. On the basis of the results of these surveys, the measures must be taken.

In this joint paper the most important natural sources of radiation are analyzed. He ppx
describes in detail the situation in France. Italy and Spain including the identification of
sources and defined practices; organizations charged of national surveys and the responsibility
of regulatory bodies and the role of operating management.

The activities of the International Organizations will be presented and discussed. The
existing actions toward harmonization in the CEC. IAEA and other international programs will
also be discussed.

1 ENRESA - Spain
2IPSN - France
3 ENEA - AMB - BIO - ARIA - Italy



1. INTRODUCTION

As a result of present knowledge about natural radiation and the generally-accepted linear
hypothesis on the dose-effect relationship, special attention is paid to exposure to natural
sources.

In the past, radiological protection recommendations explicitly excluded natural background
doses and focused on the protection of workers at the workplace, and the public from
exposure caused by operation of the facilities. A similar phenomenon has occurred with
doses caused by medical exposure, which were also excluded in the past, or with the exposure
of the public to natural radiation.

It is inevitable that workers will be exposed to natural radiation in their workplace, as occurs
with the general public. The problem lies in ascertaining in which jobs this exposure is
significant and must be controlled.

The International Commission on Radiological Protection (ICRP) in previous
recommendations (ICRP 1977, 1982 and 1986) have taken into account to the exposure to
natural radiation and established the general principles of monitoring for radiation protection
of underground workers. In its latest recommendations (ICRP 1990), the ICRP adopted the
conventional definition for occupational exposure to any hazardous agent as exposure incurred
at work regardless of their source. However, because of the ubiquity of radiation, the direct
application of this definition to radiation would mean that all workers should be subject to a
regime of radiological protection. For this reason, the ICRP has decided to limit the use of
the expression "occupational exposure to radiation" to exposures incurred at work as the
result of situations considered to come under the responsibility of the operating management.

In this respect, certain natural source components, such as K-40 in the body, cosmic rays at
ground level or the radionuclides of the earth's crust are outside any reasonable control of
the operating management. Only radon at workplaces and work with materials containing
natural radionuclides can reasonably be regarded as the responsibility of the operating
management. However, given that radon exposure occurs in all workplaces, and not always
in important amounts, it must be excluded from the general system. The ICRP recommends
that radon exposure and the handling of materials containing trace elements of natural
radionuclides should be exempted from occupational exposure control and be treated
separately, unless the relevant regulatory agency has ruled otherwise, either in a defined
geographical area or tor defined practices.

In order to provide practical guidelines, in its publication n" 60 the ICRP recommends that
occupational exposure should include natural source exposure in the following cases:

Operations in workplaces where the regulatory agency has indicated the need for
attention to be paid to radon, and which it has identified as important.



Operations and storage of materials not usually regarded as radioactive but which
may contain significant traces of natural radionuclides and have been identified
by the regulatory agency.
Operation of jet aircraft.
Space flight.

In the first two cases, the definition and quantification depend to a large extent on local
conditions, but generally speaking jobs in spas, underground mines, even if they are not
uranium mines, and in caves or other underground places, are considered important. The
third case applies to the aircraft crews, although consideration must also be given to couriers,
who fly more often than other passengers. Lastly, space flight affects so few individuals that
no further explanation is required. These are the only cases in which it will be necessary to
control the workplace exposure which will be included in occupational exposure records and
statistical studies.

Following these recommendations of the ICRP, the CEC, in its Directive proposal (COM (93)
349 def. 20 July 1993), has introduced requirements regarding radiological protection in
certain situations of exposure to natural sources. Title IV specifies that the basic principles
of justification and optimization apply to all radiation exposure, although dose limitation does
not apply to natural source exposure other than exposure received in uranium mines, with the
exception of the cases indicated in Title VII.

Title VII specifies that each Member State will order surveys to identify in which areas of
its territory and for which practices and working conditions, workers are likely to experience
significant exposures due to natural radiation.

On the basis of this surveys, and for each identified area and working conditions, the Member
States must establish the requirements necessary to evaluate the doses received by workers
and to apply the general radiological protection standards. They will also establish
regulations, standards or codes of practice for construction of new workplaces.

In particular, operations in spas, caves, non-uranium mines and other underground
workplaces, operations and storage of material containing significant traces of natural
radionuclides. and flight operations will all be considered within the control, as long as they
have been identified by the competent authorities.

[n the specific case of air flight, the control must be implemented by a State organization and.
when necessary, crews must be classified as professionally exposed workers.

In the current review of its basic standards, the IAEA has also taken into account exposure
to natural radiation, considering that it is the responsibility of the employer, unless it is
excluded or requires an intervention. The requirements laid down tor practices must be
applied to this exposure.

Finally, and after this brief overview of international recommendations on occupational
exposure to natural sources of radiation, specific mention must be made of the Draft ICRP



publication entitled "Protection against Radon-222 at home and work". The document
includes a chapter on the problems caused by radon at work. The recommendation is based,
first of all, on the need to identify and select the relevant workplaces and to consider that
exposure is the responsibility of the operating management, in keeping with ICRP-60.

The Commission recommends the same dose values for action levels as recommended for
dwellings (S mSv/year), although it would also be possible to use three tenths of the annual
limit for professionally exposed workers (6 mSv/year) as a reference level for applying
radiological protection controls.

Lastly, the publication outlines how these recommendations may be put into practice, both
for adopting remedial measures and for the radiological control of the personnel involved.

2. NATURAL SOURCES TO BE CONSIDERED

In its report in 1988. the UNSCEAR (United Nations Scientific Committee on the Effects of
Atomic Radiation) paid special attention to occupational exposure to natural radiation. The
report includes an assessment made with available data on exposure at work or in industries
in which high levels of natural exposure occur. The assessments include the doses received
by crews, by workers in coal-fired thermal power plants or in underground mines and in the
industrial and agricultural uses of phosphates.

Over the years, more and more work has been carried out to obtain the radiological data
necessary for dose estimation. Specifically, numerous papers and posters on the subject were
presented at the Fifth International Symposium on the Natural Radiation Environment, held
at Salzburg from 22nd-28th September. 1991, a specific session being given over to natural
radiation in non-domestic environments.

From these papers it may be deduced that the world annual collective dose caused by
occupational exposure to natural radiation is estimated at approximately 20.000 man.Sv. The
greatest contribution comes from work in underground mines (non-uranium), the percentage
corresponding to coal mining, at around 20%. Table 1 is an estimate of the collective
effective dose equivalent commitments per year of practice, taken from the 1988 UNSCEAR
report.



TABLE 1 COLLECTIVE EWECIlVE IX)SE EQUIVALENT COMMITMENT ( M M - S V )

NATURAL SOURCES

Coal combustion: power plants
domestic homes

Coal mining

Use of coal ash in building industry

Geothermal energy production

Oil combustion in power plants

Natural gas combustion in power plants
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Use of phosphogypsum in houses

Non-uranium mining
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The following is a brief analysis of the different activities that must be taken into account
when considering occupational exposure to natural radiation.

A) Extractive industries

The extraction and processing of ground materials increases exposure to natural
radiation especially when the work is performed underground, where radon levels may
be higher.

The risks of external and internal irradiation may appear at the same time in
underground mine work: the greatest contributor to internal exposure is the inhalation
of radon and thoron daughters, and the inhalation of dust containing long-lived alpha
emitter isotopes. Obviously, the contribution of each component and its importance
will depend on the type of mine, geology and working conditions, ventilation in
particular.

Criteria for monitoring purposes were developed to identify and classify mines based
on measurement of radon levels in the exhaust air (Be85). Mines likely to merit a
radiological investigation are those for which:

The radon concentration in exhaust air is grater than 2 10* atoms.m-3
(420 Bq. m}).
The radon emanation rate evaluated from the model is greater then
105 atoms.m:.s l.



Some non-European countries take into account workplaces in open-cast mines when
the mineral has high thorium and uranium contents, although few data are available.
Something similar occurs in the case of phosphate mining and processing, although
according to available estimates the doses in these cases are much smaller in
comparison to underground mining doses.

B) Work at underground sites

There are other underground work sites, apart from mines, where radon levels increase,
among them caves, underground transport and electricity-generating facilities. Perhaps
one of the most relevant places are spas, where radon is used to treat certain illnesses
and in which the workers also receive important doses.

Experimental data of the spas survey show that patient doses for each treatment are
generally comparable with those resulting from annual exposure to radiation
environment, concerning occupational exposure, radon and respectively radon daughter
exposure of persons occupationaiiy exposed in radon spas can occur at levels which are
worldwide subject to stringent radiation protection procedures, e. g. uranium miners.
The estimated annual occupational exposures of bath attendants in radon spas in Italy
and other countries are included in Table II. Data show that, in some cases, doses to
personnel could exceed the ICRP recommended limit of 50 mSv.yr ' and, under some
conditions, spa employers may be potentially exposed to elevated levels of radon, which
produced up to about 60 mSv.vr ' effective dose equivalent.

TABLE n - ESTIMATED ANNUAL OCCUPATIONAL EXPOSURES
OF BATH ATTENDANTS IN RADON SPAS

Location

ISCHIA (Italy)

MERANO (Italy)

BADGASTEIN (Austria)

MOMlN PROHOD (Bulgaria*

KAMENA VOURLA
IKARIA (Greecei

PAEC(UX)

0.003 - 2

0.45

0.5 - 0.9

0.4

-

Annual exposure
time (h)

900

1800

2000

400

-

Effective dose
equivalent ImSv)

0.01 - 60.5

26.2

33 - 60.5

5.2

5-50

Reference

Sciocchetti.
1988

Scioccheui.
1988

Steinhâusler.
1988

Uzunov et
al..1981

Kriticlis ei
al..l988

In the opinion ot" the experts panel held a Merano in 186 (Sc-86) it can be unacceptable
that radon spa workers should be excepted from the application or" relevant
recommendations ot ICRP. such as n" 24 and 32.

C) Exposure to radon in workplaces.



In addition to mines and caves, radon, exposure may occur in workplaces such as
offices, schools and public buildings, located in areas with high radon levels. In these
cases it is possible to apply the reference levels applied to homes and the same type of
remedial actions and protection measures, rather than specifically applying the
radiological control of the professionally exposed workers.

D) Air and space flight.

In this case it is cosmic radiation which contributes to the exposure, increasing with
altitude and reaching its maximum as from approximately 20,000 meters.

Taking into account that modem airplanes operate at high altitudes, the question has
been raised as to whether airplane crews should be considered professionally exposed
workers.

3 . THE SITUATION IN FRANCE, ITALY AND SPAIN

The situation in France

France has gained a long experience in the industry of uranium mine. Consequently, exposure
of the workers to naturally occurring radiations has been a matter of concern since many
years for the responsibles in radiation protection. In the early 80's, interest was also paid to
the assessment of the occupational exposure to radon and radon decay products in non-
uranium mines (Be84). In the same period, a national campaign of measurements has also
been carried out in France in order to evaluate the indoor exposure of the general public to
natural background radiations, i.e. radon and gamma rays from terrestrial and building
materials (Ra89). Meanwhile, extensive measurements of radon concentration have been
performed in various environments: in the soils, in outdoor air, in underground caves and
mines, in buildings. The data base obtained from all these investigations makes it possible to
assess the variation of the radon exposure levels with respect to the locations and the
circumstances (Ro92). More recently, attention has been focused on the problem related to
the individual exposure to cosmic radiations occurring aboard airplanes or during space
missions (Ng93).

As any other member state of the European Community, France will have to comply with the
Council Directive under revision laying down the basic safety standards for the protection of
the health of the workers and the general public against the dangers arising from ionizing
radiation. This perspective has raised up the new ICRP recommendations underlying the
Directive proposal. A Working Group has been created aimed at analyzing the orientations
which should be undertaken when the new Directive will be transposed in the national law.
As part or" this program, a Task-Group chaired by /PSN and composed of representatives
from the main French nuclear operators and experts of IPSN. was asked to deal with the
problem of occupational exposure to radon. The task was to identify the practices or
workplaces where attention has to be paid to radon and to define the practical requirements
IO meet this objective.



The goal is to bring together all the data already available and to promote further surveys
needed to help decision of the national authorities and operating managements. Up to now,
only a few measurement campaigns in workplaces have been initiated and data are still
limited, e.g. in nuclear research centers, in nuclear power plants or in thermal establishments.
In the latter case, relatively high radon concentrations in air have been observed. In the near
future, it is intended to extent investigations in various underground sites (Ro93).

The situation in Italy

The interest in radon exposure both in indoor air and in workplaces has increased rapidly
during the last 20 years. In the early 1970s survey programs on radon and its progeny
concentrations were carried out in many countries.

In Italy the responsibility regarding health risks from exposure to natural sources is shared
by different ministries and national, regional authorities. The present radiation law, which is
under revision, does not include exposure to natural sources. The art 7 of 1964 act (ionizing
radiations regulations 1964) states that the contribution of natural sources shall not be added
to the overall exposure dose.

The regulations 1978, made under the Act 1964, "safety and radioprotection of workers of
mining industry against ionizing radiations" stated procedures concerning the evaluation of
doses in the mining environment. The regulations are based on the following limits:

Uranium and/or thorium content in ore less 1%.
Average concentration of airborne radionuclides. at normal ventilation conditions, less
than or equal to 1/10 of the derived air concentration for occupational exposure:
Average gamma exposure rate equal or greater than 0,2 mr/h or 0,1 mr/h for beta
radiation.

This Italian regulations concerning occupational exposure seem to comply with practical
application of the general criteria established in ICRP-60 1990 recommendations about the
handling of materials containing traces of natural radionuciides.

Some regional authorities (Regione Lombardia (18 APR. 1991) have established special
procedures concerning radiological surveillance at underground non industrial workplaces.

The Italian agency ENEA lias performed the assessment of occupational exposure in
underground mines and radioactive spas at national levels. It was realized a map of radon
level in the most important underground mines to characterize the occupational hazards in
these confined environments. This advice was endorsed as a government policy: the Italian
Ministry of Industry issued appropriate regulations to implement remedial actions against
radiation exposure in underground non-uranium mines.

Also, in Italy was carried out a national survey of radon and radon daughters concentrations
for spas ii>c80. Sc83) on the isle of Ischia and in others areas of the country. At lschia there
are perhaps the most important thermal springs in Italy, with the highest radon levels. The



natural spring waters on the isle of Ischia are among the most radioactive in the world. In this
surveys it was inventoried hyper-radioactive springs on the island and in other thermal areas
countrywide and it was identified workers in radon spas who were exposed to increased
radiation from inhaled radon daughters and assessed their radon exposures. Measurements
were carried out during simulation of a typical procedure in bath. The very low equilibrium
degrees found at that spas are typical for treatments carried out during a short-duration
therapy. Under these conditions concentrations of radon daughters varied from 0.002 to 1.97
WL (0.007 to 7.29 kBq.nr3 EER).

In Italian non-uranium mines a national survey (Sc81, Sc85) of about 40 underground mines
was carried out by the ENEA agency with the cooperation of the Department of Industry
during 1970-1982. The radiological characteristics of each mine was outlined on the basis of
a control schema that included monitoring of the various working areas and radon levels in
the upcast air of the surveyed mines. Exposure levels of miners to radon daughters mainly
depends on the radon flow-rate and the efficiency of ventilation systems. The results
evidenced that in some non-uranium mines and in particular conditions (i.e. inefficient
ventilation) radon and radon progeny concentrations may grow up to significant levels.

Survey of representative samples of workplaces country wide up to now performed in Italy.
A survey of indoor radon levels has been carried out by the Istituto Superiore di Sanità and
ENEA-DISP aimed at implementing the national radon policy (Bo93). Up to now 4151
dwellings have been surveyed (80% of the planned representative sample). The arithmetic
mean resulted to be 81.5 Bq m*3 and the average district values ranged from 40 to 120
Bq.m3. Detailed surveys indicate that typical buildings with elevated radon levels can be
identified in particular areas (Sc92).

The situation in Spain

In Spain the Nuclear Safety Council (NSC), created by Law in 1980. is the Regulatory
Authority, is independent of Public Administration and is the only competent body in Nuclear
Safety and Radiation Protection. The duties of NSC include the proposal to the Government
regulations and reviews concerning Radiological Protection. At present the Radiation
Protection Regulations (Rd92) in Spain excludes the exposure to natural radiation, as CEC
Directive.

Exposure to natural sources, as a generic issue, is not yet receiving in Spain a great deal of
visible attention at the regulatory level, other that in special cases like uranium mining
activities, subject to the regulatory control. Nevertheless there have been various cases in
which special actions of different entity have been taken, like for radon in houses, phosphate
based fertilizer fabrication plants, etc. to analyze the existing situation and to assess whether
any protective action or intervention were required.

Furthermore, in accordance with the future revision of CEC Directive, there are in Spain
several studies and surveys on radiation exposures to natural sources. This has been supported
by the Nuclear Safety Council, the Department ot Health, the CIEMAT and the CSIC
(National Research Centers). ENUSA (public enterprise tor uranium mining), ENRESA



(public enterprise for waste management), local Authorities, etc. The relevant studies carried
out are the following:

A national survey on radiation exposure to indoor radon in Spain. In this survey
the radon concentration was measuring in 1555 randomly chosen houses. In about
4% of the houses the radon concentration was found to be in excess of the
recently recommended value of 400 Bq/m3, suggested by the CEC. This project
has been developed under contract with the RP program of the CEC (CEC 1993).
Indoor levels and gamma doses in two major Spanish cities (Gu92).
Spanish map of gamma-ray dose rates using the data of aerial and terrestrial
radiometric surveys of uranium exploration programs (Su93).

Other studies about the coal thermal power plants and their ashes, production of phosphate
fertilizers and building materials, has been carried out.

The studies carried out has been mainiy oriented to public exposures but the results can be
used to define the relevant geographical areas and workplaces.

4. ACTIONS FOR STANDARDIZATION

As in many other aspects, not only in Radiological Protection is it necessary to reach
international consensus to ensure that a logical and efficient approach is taken to the issue of
occupational exposure to natural radiation.

Obviously the first aspect of natural radiation tackled by the European Community has been
exposure to radon at home, due to the large number of individuals potentially affected. This
cooperation took the form of the issue of the recommendation of 21-2-1990 regarding
protection of the public against radon hazards inside buildings.

Along the same lines, the publication of the atlas of natural radiation in Europe may help to
identify the areas where it will be necessary to take occupation exposure into account.

Likewise, the organization of congresses and panels of experts on these issues are an
important forum for standardization. An example is the meeting held in Luxembourg on
25th-27th June. 1991 on radiation exposure of civil aviation crews. Also, subgroups have
been set up with the EURADOS group, their tasks being related to the hazards and protection
of civil aviation crews.

Nonetheless, less progress has btan made on the issue in hand than would be desirable, so
it is now. at the beginning, when action should be taken to standardize not only the
procedures for performing surveillance and defining the areas to be attended, but also the
controls established in jobs.

In this point is necessary to mention a research program carried out by the CEC on the
occupational exposure to radon in non uranium mines. An exploratory survey of 8 non
uranium underground mines was carried out bv CEA between 1980-1981. In some mines the



exposure level resulted significant in relation to the international regulation on radiological
protection of miners. As a consequence, the Commission decided to carry out a survey of a
more representative sample of mines under the contract. n° 1202/3-82 "concentrations of
radon and exposure for radon daughters in non uranium mines in the European community
and the factor affecting them". This study concerned approximately ten mines, in different
European countries and was developed with the cooperation of the following national
agencies: CEA, BGA, ENEA, NRPB, HSE and IHM. In some of surveyed mines the radon
levels were significant in relation to the international regulations on the radiological protection
of miners.

5. CONCLUSIONS

Occupational exposure to natural radiation is a fact and considerable individual and
collective doses may occur.
International Agencies have included or are going to include recommendations
applicable to the control of this occupational exposure.Generally speaking, the
recommendations are based first of ail on identifying the relevant areas and jobs in each
country.
In same workplaces, such as spas, the same radioprotection procedures as in other
radioactive working areas, should be followed.

Concerning the elevated radon levels at buildings the national policy should be directed
toward the objective of identifying high radon potential areas and type of building
which can result to be affected by anomalous radon levels. On this basis the application
of appropriate mitigation technologies seem to be the best solution to comply with
general requirement on indoor air quality standards.
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