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FOREWORD

Occupational exposure from natural radiation is, in the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) 2000 Report, estimated to
contribute to more than 80 percent of the world-wide annual collective dose from occupational
exposure, uranium mining excluded. The Agency's Radiation Safety Standards Series, the
Requirements, and the Safety Guides (jointly sponsored by the Agency and the International
Labour Office), address the control of occupational exposures from natural sources of radiation.
In addition, some Safety Reports on specific issues are in the process of being finalized.

Following upon recommendations to the Agency from its Member States to provide
further guidance on the control of occupational exposure to natural radiation, a Technical
Committee Meeting on Assessment of Occupational Radiation Protection Conditions in
Workplaces with High Levels of Exposure to Natural Radiation was held in Vienna from 7 to 1 1
May 2001. The objective of the meeting was to produce an inventory of problem areas, make an
assessment of the problem and propose a draft work plan for the Agency.

This JAEA Working Material includes the report from the meeting, including the
presentations made. Based on the recommendations made by the Technical Committee, a work
plan is being initiated, implying that more attention will be paid to occupational exposure from
natural radiation sources in the Occupational Radiation Protection programme.



1. INTRODUCTION

1.1. BACKGROUND

The Agency's Radiation Safety Standards Series address the control of occupational
exposures from natural sources of radiation. In addition to three Safety Guides on Occupational
Radiation Protection published in 1999 (Occupational Radiation Protection [; Assessment of
Occupational Exposure Due to Intakes of Radionuclides [2]; and Assessment of Occupational
Exposure Due to external Sources of Radiation [3]), a Safety Guide on Occupational Radiation
Protection in the Mining and Processing of Raw Materials [4] is in the process of being
finalized. All these publications are jointly sponsored by the Agency and the International Labour
Office. Specific guidance is given in Safety Reports and at present three Safety Reports related to
occupational exposure from natural sources of radiation are under development, namely:

- Radiation Protection against Radon in Workplaces other than Mines [5];
- Protection from Occupational Radiation Exposure due to Thorium. in Industrial

Operations [6]; and
- Radiation and Waste Safety in the Oil and Gas Industry [7].

It was concluded by the Agency's International Conference on Topical Issues in Nuclear,
Radiation and Radioactive Waste Safety [8] in 1998 that further practical guidance is needed on
the control of exposure to natural radiation, in particular, work with materials containing elevated
levels of natural radionuclides and exposure of air crews to cosmic rays. Also, a Programme
Performance Assessment, conducted in 1999 [9], recommended that a review be carried out in
Member States to provide the information needed to decide which industries are primarily
affected and which industrial processes and materials require control as a priority.

As a follow-up of these recommendations the Agency organized a Technical Committee
Meeting (TCM) on Assessment of Occupational Protection Conditions in Workplaces with High
Levels of Exposure to Natural Radiation at the Agency's Headquarters in Vienna from 7 to 1 1
May 2001. A list of participants is given in Appendix 1. The meeting resulted in the
identification of a number of issues where further guidance is needed. It strongly recommended
that the Agency should follow a sectoral approach for this guidance, where all relevant issues for
a certain industrial sector are covered in one comprehensive document.

An additional consultants meeting was held from 26 to 30 November 2001. The
participants of this meeting are also given in Appendix 1. At this meeting all the material that
was produced at the initial TCM was compiled and converted into this Working Material. The
consultants meeting also made use of information from other meetings, in particular the NORM
II1 symposium [10], held from 17 to 21 September 2001 in Brussels, Belgium, and the TCM to
prepare a report defining the scope of the regulatory control [ 1 1], held from 23 to 27 July 2001 at
the Agency's Headquarters.



1.2. OBJECTIVES OF THE TCM

In the context of the Agency's Safety Standards development programme, focus is
currently being placed on practical guidance on the control of exposure to natural radiation, in
particular, work with materials containing elevated levels of natural radionuclides and exposure
of air crews to cosmic rays. The objective of the technical committee meeting was:

- to produce a comprehensive inventory of problem areas,
- make an assessment of the magnitude of the problem, and
- propose a draft action plan for the Agency, taking into account the available Agency

publications on this issue as well as services provided to Member States.

1.3. SCOPE

The scope of the technical committee meeting was general, and participants were asked to
report on activities resulting in occupational exposure from natural radiation as well as remedial
actions taken in their countries.
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2. MEETING PROGRAMME

2. 1. OPENING REMARKS

The Director of the Division of Radiation and Waste Safety, Mr. Abel J. GonzAlez,
opened the meeting by welcoming the participants and staff members taking part. Mr. GonzAlez
mentioned that the issue of Naturally Occurring Radioactive Material (NORM) was becoming a
"hot" issue in the world and welcomed the support and advice that participants would provide
during discussions. He also informed the meeting about the International Radiation Protection
Association (RPA) meeting that he had recently attended in Brazil and of some of the issues that
came out of that meeting. He emphasized three issues:

(1) Responsibility for occupational protection - The International Basic Safety Standards
for Protection against Ionizing Radiation and for the Safety of Radiation Sources (BSS) [12]
places the responsibility for safety on the employer, whereas in some Member States the
responsibility lies with the licensee, who in some cases is not the employer. Mr. GonzAlez
stressed the importance of identifying responsibilities.

(2) Classification of workers - The International BSS classify areas and not workers.
However, some Member States still have the need for classification of workers. This has led to
problems in harmonizing requirements.

(3) Dose linlits - Some Member States opted to implement a single dose limit, whereas the
BSS provides flexibility in the way dose limits for occupationally exposed workers are applied.
This has caused some confusion and problems.

Mr. GonzAlez concluded by mentioning problems that were encountered in the mining
industry, in particular in South Africa. He also warned against the use of different standards for
artificial and natural sources of radiation, not only for scientific reasons but also because the
distinction between artificial and natural sources was not always clear. The concerted effort
between the LkEA and the LO to hold an International Conference in Geneva in 2002 on
Occupational Radiation Protection issues was also mentioned. This technical meeting should
contribute to these efforts.

2.2. STRUCTURE OF THE MEETING

The meeting used, as its basis, some presentations from the IAEFA followed by
presentations from participating countries. The agenda of the meeting is given in Appendix 2.

The participants were provided with copies of four draft IAEA Safety documents related
to occupational exposure from natural sources of radiation, namely:

- Safety Guide on Occupational Radiation Protection in the Mining and Processing of Raw
Materials [4];

- Safety Report on Radiation Protection against Radon in Workplaces other than Mines [5];
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Safety Report on Protection from Occupational Radiation Exposure due to Thorium in
Industrial Operations [6]; and
Safety Report on Radiation and Waste Safety in the Oil and Gas Industry [7].

They also received an extract from a Report on a meeting held at the AEA in March
2000 to Review the Existing LAEAIILO and Other Guidance on Occupational Radiation
Protection and to Plan for Future Activities [ 13 ].

The presentations and discussions covered the first two days of the meeting. At the end of
the second day, issues that had been raised, and which should be further discussed, were
identified as follows:

1. Workplaces with radon exposure and the use of action levels.
2. Non-radon exposures, efforts in European countries. Identification of industries and

sectors and how to institute control.
3. Occupational exposure in high background areas.
4. Exemption - decide on criteria for NORM.
5. Regulation of small mining facilities.
6. Guidance on controls for facilities handling NORM.
7. Application of control on existing facilities - issue of intervention or practice.
8. Lack of knowledge on NORM.
9. Lack of data.
10. Level of regulation.
11. Assessment methodologies.
12. Communication of radiation concepts to workplaces other than mines.
13. Recommendation of reference levels.
14. New ICRP discussion on philosophy of radiation protection.
15. Guideline on addressing the issue of instruments used for assessment of exposure to air

crews.

Following the identification of the above issues it was decided to divide the participants
into three Working Groups. These groups addressed these issues for the following sectors:

Group 1: NORM activities in the mining industry
Group 2: NORM activities in environents, other than mining, with a high radon

concentration
Group 3: NORM activities due to terrestrial sources.

In the discussion leading up to the formation of Working Groups, the meeting agreed that
the issue of exposure of air crews to cosmic radiation would not be further considered in the
meeting. This decision took into account the work that has been performed by the European
Commission on this issue and the area of competence for the majority of the meeting
participants. The meeting supported the proposal made by the previous meeting to Review
Existing IAEA/ILO and Other Guidance on Occupational Radiation Protection and to Plan for
Future Activities [13], that the Agency should provide guidance on exposures to air crews and

4



strongly recommended that this be done in co-operation with the European Commission.

Each group discussed the issues as described above, having in mind the objectives of the
meeting as described in section 1.2. The highlights of the group discussions were then presented
in a plenary meeting. This led to the formulation of recommendations to the Agency, as an input
to an action plan. The reports of the groups are presented in Appendix 3 to 5.

In section 3.1, an overview of the material presented in the papers is given. Printouts of
presentations and associated literature are given in Appendix 6. In section 3.2 the discussions
about the issues as identified above are presented. Finally, in section 4 the recommendations are
given.



3. OVERVIEW OF THE PRESENTATIONS

3.1. DESCRIPTION OF NORM ACTIVITIES IN VARIOUS COUNTRIES

Three major phosphate-processing industries have been investigated in Belgium In one
of them the activity concentration of 226 R in the ore was quite high, almost 1,100 Bq/kg, and the
concentration in the silt waste was exceeding 7,000 Bq/kg. The radon concentration at ground
level in the silt basin was more than 500 Bq /M3 and in some of the buildings radon levels of up to
800 Bq /m3 were measured. Gamma radiation levels from 0. 1 to 4.4 jiSv/h were found. The area
downstream from one of the plants is being investigated. The riverbanks have been found to be
highly contaminated up to 5 to 10 m from the river. The radium concentration at 30 cm depth
ranged between 400 to 4,000 Bq/kg and in river sediments between 400 to 2,000 Bq/kg. The
gamma radiation levels reached 2 gSv/h.

In Brazil, a preliminary survey has been performed of exposure of workers to natural
radiation in industries that mine, mill or process minerals rich in uranium and thorium. The
survey included six mines, two coal mines, one niobium mine, one nickel mine, one gold mine
and one phosphate mine. The study included collection and analysis of urine samples
complemented by faeces and air samples. The concentrations of uranium, thorium and polonium
were measured in the samples and compared to background data from the general population of
Rio de Janeiro and the workers' families. The results of the study showed that radon progeny
could be a problem in the coal mines and that in some areas of the niobium mine internal
contamination to uranium and thorium and their decay products could occur. For the nickel, gold
and phosphate mines the conclusion was that no programmes to control internal doses were
necessary.

Canada has experienced NORM problems in mineral extraction and processing
industries, oil and gas production, metal recycling, thermal-electric production, in water
treatment facilities and in underground workings etc. High concentrations of 226Ra are found in
scales and sludge from the oil industry. NORM issues fall under the jurisdiction of the provinces
and territories. Guidelines for the management of NORM have been issued, where a NORM
classification system has been established. If a workplace is suspected of giving rise to
incremental doses exceeding 0.3 mSv/y a dose assessment should be carried out. An incremental
dose of 0.3 mSv/y is adopted as the NORM Investigation Threshold. Where the estimated
incremental annual effective dose to the public or incidental workers is greater than 0.3 mSv/y
the classification is NORM Management which might mean that public access to the workplace
would need to be restricted. Where the estimated incremental dose to occupationally exposed
workers is greater than 1 mSv/y, the Dose Management Threshold, the classification will be Dose
Management. The programme under Dose Management should include dose estimation and
information and training of the workers to control and reduce doses. At an assessed or measured
incremental dose greater than 5 mSv/y Radiation Protection Management is required. Whenever
a NORM Management, Dose Management or Radiation Protection Management has been
implemented, a periodic review is needed. The frequency will depend on ability of conditions to
change and the NORM programme. Derived Working Limits (DWL) have been determined from
the annual radiation dose limits to assist in dose assessment. The DWLs provide an estimate of
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the dose from the quantities that are directly measured at the workplace.

A fourteen-year follow-up study of the thorium lung burden of workers has been carried
out at an iron and rare earth metals mine in China. The results showed that the highest thorium
lung burden of the more than 600 miners was about 1 1 Bq. The conclusion is that no adverse
health effects could be detected due to inhaled thorium and that the possible practical threshold
for thorium lung burden to induce lung cancer might be higher than 1 1 Bq.

Natural radiation in Finland is regulated in the Finnish Radiation Act from 1992.
Occupational exposure to natural radiation is regulated by an amendment of the Radiation Decree
in 1998. The most important issues in Finland are radon in workplaces, radioactivity in drinking
water and in building materials, and mining and industrial processes. Radon levels in mines have
been measured regularly since 1972. Finland has an action level for radon in workplaces of 400
Bq/M3. Radon prone areas have been identified primarily from measurements of radon in
dwellings. Radon measurements are compulsory in workplaces in radon prone areas unless it can
be shown by other means that radon levels are low. A programme focusing on radon in
workplaces was initiated in 1992. To date, radon measurements have been carried out in 10,000
workplaces and remedial actions have been taken in 200 of these. The average reduction in radon
concentration in remediated buildings is about 1,500 Bq/m . Identification of NORM industries
is based on the radionuclide content of the materials used (>1.4 Bq/g U and >0.4 Bq/g Th). The
occupational exposure should not exceed 1 mSv/y (excluding radon).

Germany has a reference level of 2 106 Bqh/M3 for radon in workplaces, corresponding to
an annual dose of 6 mSv and a limit of 6 106 Bqh/M3 , corresponding to 1 0 mSv/y. If the reference
level is exceeded remedial action has to be taken and a new radon measurement should be carried
out. If it is not possible to reduce the radon concentration below the reference level the competent
authority has to be notified and monitoring of the radon concentrations performed. Germany has
performed a study to investigate the exposure by natural radionuclides in workplaces in a large
number of industrial activities, with a dose assessment of the workers under normal
circumstances. They made a categoiization of NORM activities in dose ranges of <1, 1-6, 6-20
and >20 mSv/y. Most of the NORM activities fall in the category <1 mSv/y when normal
occupational hygiene measures are taken.

From India, a report on monitoring for occupational exposure to natural radiation was
provided. Three uranium mines are operational at present in India. For the protection of the
workers, ambient radon measurements, personal radon and gamma monitoring, and internal
contamination measurements are performed. Track etch films and ThD (thermoluminescence
dosimeters) are used for the personal monitoring. Assessments of radium body burdens are being
done by measurements of radon in exhaled breath using a low level radiation detection system
based on electrostatic collection of charged 2 18Po atoms. The technique, which has been
developed in India, is simple, fast and sensitive enough for routine measurements, the sampling
time being ten minutes. The equipment is designed for field use and can easily be transported
between different facilities.
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In Irlad extensive measurements of radon in show caves and recreational caves have
been carried out. In some show caves it will be necessary to either limit the number of working
hours underground and/or introduce a control/monitoring system. In 1998 a three-year
programme was launched to identify schools with radon levels exceeding the guidance level of
200 Bq/m`. Measurements and remnediation is funded by the government. 37,000 measurements
were carried out in 4,000 schools. 23 per cent of the schools had radon levels exceeding the
guidance level. The maximum radon concentration found was 3,000 Bq/m3. A pilot campaign for
measuring radon in aboveground workplaces will be launched during the summer of 2001.
Ireland has based the identification of NORM industries mainly on information from
international literature, and individual industries are identified on the basis of licences that have
already been issued. Codes of practice and guidance notes are the main instruments to comply
with the regulations.

in the Netherlands a first survey of NORM activities with regard to occupational
exposure was carried out in 1998/1999 and has been updated in 2001. The basic criteria for the
identification of a NORM activity being of concern is that the effective dose for normal working
conditions exceeds 0. 1 mSv/y or that 1 mSv/y could be exceeded during unlikely conditions.
Three categories of NORM activities are identified, A, B and C. For category A the likely
effective dose for normal working conditions does not exceed 0. 1 mSv/y or 1 mSv/y for unlikely
conditions. For category B the dose would be between 0. 1 and 1 mSv/y for likely conditions or 1
- 6 mSv/y for unlikely conditions, and for category C 1 - 6 mSv/y for likely conditions or 6 - 20
mSv/y for unlikely conditions. Work activities falling into category C are thermal phosphorus
production (decontamination), oil and gas production (overhauling components), TIG (Tungsten
Inert Gas) welding and aircraft operation (scheduled flight above 8 km altitude). Specific
attention was paid in the presentation to a special type of mineral slag wool containing elevated
concentrations of U and Th, in the order of 5 - 10 and 10 - 15 Bq/g respectively. This material
has been used in a large variety of installations as an insulating material. It was shown that it
potentially gives rise to enhanced exposures during decommissioning.

In Poland the miners are divided into class A workers, if the annual effective dose lies
between 5 and 20 mSv, and class B workers, if the dose exceeds 20 mSv in a single year. For
class A workers prevention measures must be applied such as improving the ventilation, filtration
of air, isolation of parts of the mine that are no longer used and removal of radium in waters in
non-active areas. For class B workers individual doses must be measured. For coal and copper
mines the najor exposures originate from inhalation of radon progeny and internal contamination
and external gamma radiation from radium-rich water and sediments. The concentration of 226Ra
can be very high in deposits in coal mines, up to 400 kBq/kg and the concentration in water can
reach 400 Bq/L The doses in the coal mines have decreased steadily between 1993 and 1999. A
Polish study of cancer risks for miners exposed to radon decay products was presented. A
computerized database covering the exposures to radon progeny for more than 9,000 workers has
been in use since 1977. The average annual dose to the Polish miners during the period 1972 to
1998 was about 2.7 mSv (0.54 WLM). The exposure-age duration model of the BEIR VI study
was used to evaluate the risk for lung cancer. The conclusion of the study was that the
occupational lifetime risk of lung cancer for the miners was 1.8 per cent assuming an average
lifetime of 75 years and an occupancy period from 20 to 55 years of age.
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South Africa has a very large mining and minerals processing industry exploiting a
variety of ores and minerals containing elevated levels of NORM. The industry employs more
than 300,000 persons. Doses have been assessed to workers in the mining industry in South
Africa. In the gold mining industry radon measurements have been performed since the early
1970s. Regulations have been in force since 1990. The mean annual dose to underground gold
mine workers, mostly from radon progeny, is about 5 mSv with maximum doses exceeding 20
mSv. The maximum annual dose to surface workers in gold mines is 5 mSv. In South African
coal mines the mean annual dose from inhalation of radon decay products has been estimated
from limited radon concentration measurements to be about 0.6 mSv. In the phosphoric acid and
fertilizer production industry the doses to the workers do not exceed 6 mSv/y. There are 3
mineral sands operations in South Africa, for which the maximum annual dose to workers is 3
mSv. One open pit copper mine contains elevated levels of U, which is extracted as a by-product.
The maximum annual doses to workers are 5 mSv for workers in the mine and 20 mSv for
workers in the metallurgical plant. Worker doses in the metallurgical plant have since been
reduced with the introduction of radiation protection measures.

Fifty four health spas have been investigated in Spain. The most exposed people were the
bath attendants. Doses of up to 44 mSv/y were registered. Radon levels have been measured in a
number of show caves. The Altarnira cave had maximum radon levels of about 5,000 Bq/M3 . In
Spain, the phosphate and fertilizer industry have been identified as NORM activities of concern,
as well as the building materials industry. A study for a more comprehensive identification has
been launched in 2001.

In Sweden regular monitoring of radon in mines has been performed since 1972. Today
the radon situation in Swedish mines is satisfactory. The radon levels are normally well below
the action level which corresponds to 1,500 Bq/m 3 . Radon in workplaces has been regulated in
Sweden since 1990. Although no representative survey of radon at regular workplaces has been
carried out in Sweden, smaller surveys and the high radon concentrations in dwellings indicate
that workplaces with elevated radon levels are common in Sweden. The situation in schools and
day-care centres was thoroughly investigated in 2000. The estimated number of school and child-
care buildings with radon concentrations exceeding the action level, 400 Bq /M3, is 800; about
200 of these have been identified and in about 100 buildings remedial measures have been taken.
Very high levels of indoor radon have been found in waterworks in Sweden. Groundwater from
aquifers in bedrock and soil and surface water that has been infiltrated through deposits of sand
or gravel have the potential to cause high radon levels in indoor air. Three waterworks in central
Sweden have been studied. The radon concentrations in the raw water of these waterworks
ranged from 85 Bq/L to 300 Bq/L. In one waterworks average indoor radon concentrations
exceeding 17,000 Bq /M3 have been measured. Peaks exceeding 56,000 Bq /M3 have been
measured in another. It is quite possible that employees of waterworks can receive doses
exceeding 20 mSv/y. New knowledge, at least for Sweden, is that radon can be forced into the
premises by changes in the water level in a reservoir. This can also give rise to substantial diumnal
variations in the indoor radon concentration. Normally, applying a ventilation system with
suction points above the open water surfaces can successfully reduce the high indoor radon
levels. In Sweden, because of the geological conditions, with an abundance of granites and
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pegmatites rich in uranium and thorium together with large areas of uranium-rich alum shale,
exposure to natural radiation is not unusual in certain types of industries and other work
activities. Regulations on natural radioactivity in building materials (for new buildings) have
been in force since 1980. Lightweight concrete produced from uranium-rich alum shale was in
use between 1929 and 1975. Almost 400,000 dwellings, 10 per cent of the Swedish building
stock, contain this material. The situation at NORM industries is currently being investigated.
Since the beginning of the 1950s, it has been known that residues from several industrial
activities contain enhanced levels of natural radioactivity. Some examples are bumnt alum shale
from lime burning, radium-rich slag from metal production and waste gypsum from phosphoric
acid production. The impact of the exposure from these residues is now being reinvestigated.

In a presentation from the Zircon Induistr, it was shown that zircon sand contains
significant concentrations of uranium, 3,500 to 4,500 Bq/kg, and thorium, 400 to 600 Bq/kg.
Deposits mainly occur in South Africa, Australia, India and the USA. The mining is done by
dredging or by just shoveling the sand onto trucks. The separation could be done by dry or wet
concentration. Also the milling could be by dry or wet processes. The dry process has the highest
risk of dust generation. The maximum potential annual dose for the milling process has been
assessed to be about 5mSv. Measurements from South Africa and Australia indicate lower doses,
0.2 to 1 mSv/y.

The Natural Materials Radiation Control Initiative (MCl), a forum of regulators,
advisory bodies and operators in NORM industries from Australia, Brazil, Malaysia,
Netherlands, Poland, South Africa and USA, reported on its activities that were aimed at
addressing NORM regulatory issues through industry/regulatory co-operation. The objective was
to generate comprehensive information on quantifying exposures to both workers and the general
public, through the consolidation of existing data and the collection of data from new studies. In
its interactions with the IAEA to date, the NM~CI had proposed that it assist in drafting a Safety
Report identifying exposure sources and providing information on suggested methods for
national regulatory bodies, advisory bodies and NORM industries to make quantitative
assessments and to identify how best to meet the requirements of the BSS. It was envisaged that
the Safety Report should reflect the principles contained in ICRP recommendations and IAEA
Safety Standards, should make maximum use of measured data, and should deal separately with
different industries such as phosphates, coal and niobium, taking account of the differences in
chemical, physical and radiological properties of the materials as well as differences in work
practices. It had been decided that occupational exposure issues should be addressed as a first
priority, before moving on to the public exposure arena where waste management issues such as
waste disposal and remnediation of contaminated sites would be addressed. The NMRCI also
aimed to promote co-operation between NORM industries and regulatory authorities on the
matter of regulations and their impact on international trade in commodities containing NORM.

In 1991 ICRP first included exposure of aircraft crew to cosmic radiation as occupational
exposure. The European Dosimetry Group (EURADOS) established a working group in 1992 to
address this issue. The report "Exposure of Air Crew to Cosmic Radiation" was published in the
European Commission's Radiation Protection series as report 85. The first section of the report
assesses the existing data on radiation exposure, describes the radiation environent at civil
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aviation altitudes and sumnmarizes the computational models that have been developed to
describe the cosmnic ray radiation field in the atmosphere. The second section describes the
quantities used to assess the radiation doses. It is clear that conventional radiation protection
dosimetry as applied on the ground is not quite applicable to the situation for air crews. A
multinational European research project was launched to investigate the problem of cosmic rays
and dosimetry at aviation altitudes. The major objective was to measure the flux and energy
spectra of neutrons and charged particles over a wide energy interval at aviation altitudes and
compare the results with those calculated with various computer codes. Within the project much
progress was made in different areas, for instance the determination of the fundamental physical
characteristics of the cosmic radiation field at aircraft altitudes, development of instrumentation,
measurements of dose rates and route doses and application of routine radiation protection.
Surveys of air crew exposure have been carried out with different advanced dosimetric systems
and comparisons were made between passive and real-time detector systems.

3.2. ISSUES RAISED

As far as regulation of natural radioactive sources is concerned, the presentations showed
that there has been quite a different view on what should be regulated and by whom. In some
countries, natural radioactive sources have already been fully regulated. In others, it has not been
regulated at all, or only partially. Whereas artificial sources are regulated in almost every country
by the central, or federal, governmnent, natural sources are regulated in some countries only at a
lower authority level.

In the Member States of the.European Union, the identification is part of the obligations
to implement the Euratom BS 5 [14] in the national legislation. But also in countries outside the
European Union the issue has received much more attention during the last years. The
identification of NORM activities is not restricted to occupational exposure, but also includes
public exposure. This is specifically relevant for the discussion about the scope of regulatory
control.

3.2.1. Scope of regulatory control

Doses associated with exposure to NORM arise mainly from two pathways: external
exposure, and internal exposure by inhalation of radon progeny and dust. This holds both for
public and occupational exposure. The dose criteria for identifying NORM activities of
regulatory concern are different for the public and for workers. In the discussions following the
presentations, it was concluded that countries are using various strategies for the identification
and subsequent regulation of NORM activities.

The selection of appropriate criteria for defining the scope of regulatory control is a
critical issue for NORM. The number of industries potentially subject to regulatory control is
very large and, although the radiological hazards can in some cases be very significant, there is
concern that inappropriate selection of criteria could result in many industries being regulated
without any net benefit in terms of risk reduction. Even where a net benefit might seem to be
achievable on the basis of radiological protection optimization principles, a decision on whether
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to regulate might, for social and economic reasons, be different in less-developed countries from
a decision in highly developed countries. The selection of "scope defining" criteria should take
into account the practicability and feasibility of regulating certain NORM activities - over-
stringent criteria could in some instances cause social hardship. Examples of such instances
include:

- burning of coal in domestic households and informal businesses, and disposal of the
resulting coal ash - for many informal communities, coal is the only affordable and
available source of energy;

- use of coal ash for the manufacture of building materials in informal, low-income
communities - this may represent the only affordable opportunity for acquisition of
building materials; and

- small informal mining operations - for many low-income communities, this may be the
only means of earning any significant income.

Current international guidance on scope-defining criteria for NORM regulation is
inconsistent and incomplete. Even in the European Union, where national regulations are based
on the EU Basic Safety Standards [14], it was concluded that in practice there is so far little
harmonization, specifically on the establishment of exemption and clearance levels for NORM.
In the presentations, the following specific problems were highlighted:

- Criteria for exclusion are not sufficiently well defined. For instance, the BSS refers to
excluded exposures as "-Any exposure whose magnitude or likelihood is essentially
unamenable to control" and gives as an example "exposure from ... unmodified
concentrations of radionuclides in most raw materials ", both of which are open to
differing interpretations. The EU Basic Safety Standards deals with the matter in a
different way, in that it excludes above-ground exposures from radionuclides in the
undisturbed earth's crust, and recommends that ploughing, excavation or refill as part of
farm or construction work should not be considered to "disturb" the earth's crust.

- The application of the radon action level to underground mines is not clear. The BSS
states that the radon action level does not apply where the exposure to radon is "required
by or directly related to" the work, but does apply where the exposure to radon is
"incidental to" the work. It is unclear as to which of these criteria is applicable to a non-
uranium/non-thorium mine with elevated (but not necessarily exploitable) levels of
uranium or thorium. Furthermore, if it were to be decided that in such a mine the
exposure to radon is "incidental to the work" (i.e. the radon action level does apply), what
happens if the price of uranium increases and the mine decides to process its milled
product to extract uranium? Without any change in the underground radon exposure
situation, does the action level suddenly no longer apply? The Agency's Safety Guide on
Occupational Radiation Protection [1] interprets the BSS by stating that the action level
does not apply to the mining of "radioactive ores". Since the definition of "radioactive"
does not involve any lower bound of activity concentration, this essentially means that all
ores are radioactive, and the radon action level therefore never applies to a mine. This is
clearly not the intention of the Safety Guide, however, since it refers also to m-ines to
which the radon action level does apply.
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There is a lack of consistency in NORM exemption criteria:

(a) Exemption criteria may be specified in terms of a variety of activity concentrations
of natural radionuclides (e.g. 0.2 Bq/g, 0.5 Bq/g or 1 Bq/g), or in terms of a variety
of doses (e.g. 10 g±Sv/y, a few tens of gSv/y, 300 gSv/y, or 1 mSv/y).

(b) The exemption levels specified in terms of activity concentration and total activity
in Schedule of the BSS (and in Annex of Ref. [14]) are based on an individual
dose criterion of the order of 10 jiSv/y and a collective dose criterion of about 1
manSv/y. Doses below these criteria are considered internationally as being of no
regulatory concern. However, these BSS exemption criteria are applicable only to
moderate amounts of material and not to bulk quantities, and are not applicable to
natural radionuclides other than those incorporated into consumer products or
used as radioactive sources or for their elemental properties.

(c) Although one can argue that persons exposed to NORM should be subject to the
same radiological protection standards that apply to persons exposed to artificial
radionuclides, the dose criteria of 10 pSv/y and 1 manSv/y are widely regarded as
being impractical for NORM industries. The range of doses resulting from
terrestrial radiation (excluding radon) lies between a few hundred jiSv/y to a few
mSv/y. The corresponding variation in activity concentration is from a few
hundredths of a Bq/g to a few Bq/g. Applying dose criteria of 10 pv/y and 1
manSv/y to NORM activities would bring large areas of the world under
regulatory control [12]. A dose of the order of 10 gSv/y is indistinguishable from
normal variations in dose from natural radionuclides in the environment while, for
example, the collective dose from the world-wide use of phosphate fertilizers
(generally accepted as exempted from regulation) is some 1 0 000 manSv/y.

(d) The EU is about to publish guidance on the issue of exemption (and clearance) of
natural radioactive sources, based on an individual dose criterion of 300 jiSv/y
[15].

(e) For transport of NORM, the Agency's most recent Regulations for the Safe
Transport of Radioactive Material (ST-i) [16] refer to exemption levels of 10
times the exemption levels in Schedule I of the BSS, but this is already being
questioned.

(f) ICRP Publication 60 [17], paragraph 287, refers to a second basis for exemption,
other than exemption on the basis of trivial dose, namely that " no reasonable
control procedures can achieve significant reduction in individual and collective
doses ". This basis for exemption is more appropriate for NORM activities than
the "trivial dose" basis, but is not reflected explicitly in the BSS.
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There is as yet little clear guidance from the AEA on NORM clearance criteria. Various
values have been suggested, including values as low as typically 10% of the exemption
level. In guidance to be published by the EU [15], it is recommended that, for NORM,
clearance levels should be identical to exemption levels (300 RiSv/y).

It was concluded that the AEA should encourage harmonisation of exemption and
clearance levels based on pragmatic dose criteria for NORM.

3.2.2. Regulatory requirements

The "grey area" between practice and intervention is a particular problem for NORM
activities, because many NORM industries - including their bulk wastes that are exposed to the
environment - existed already long before (radiological) regulatory control was established.
Regulatory control of these industries therefore has to be applied retrospectively. If they are
treated as pure "practices", this may impose impractical requirements on many industries where
radiological protection was not taken into account in the design of facilities. Although this
problem relates more commonly to public exposure scenarios (see section 3.2.7), some examples
of problems associated with occupational exposure have been reported:

- The gold mining industry in South Africa is more than a hundred years old, with
regulatory control having been implemented only in the last ten years. Most of the deep
underground mines have managed to accommodate the retrospective introduction of
radiological protection requirements. However, isolated instances have occurred where,
due to the physical difficulty and high capital cost of making major changes to the
ventilation system, achievable reductions in radon concentrations have not been sufficient
to ensure compliance with dose limits. Although affecting less than 2% of the
underground workforce, the number of workers affected is significant - about 5 000.
Rigid enforcement of dose limitation requirements would most likely result in the
affected shafts having to close prematurely, with potentially severe implications for the
workforce given the high unemployment situation throughout the region.

- In underground phosphate mines in Egypt, it has been reported [1 8] that, due to the
reliance on natural ventilation, the radon concentrations are high and the doses received
by workers exceed the dose limit by as much as 5 times. Although the problem could be
addressed by installing efficient mechanical ventilation, it is understood that the
economics of the mining operation may make this unaffordable.

The EU Basic Safety Standards does not include NORM activities within the definition of
a practice, and it is left to the national authority to implement a control scheme that incorporates
some of the procedures for practices or intervention, as appropriate. However, without further
guidance (that would necessarily be sector-specific), this could lead to inconsistencies between
countries.

For many NORM industries, the radiological hazards involve a very limited range of
exposure pathways and the potential for over-exposures is inherently very limited. ICRP
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Publication 75 [19] notes that simple control measures, similar to those already in place for
normal occupational hygiene reasons, may often provide sufficient radiological protection. An
example of such measures would be those to control the inhalation of dust. For many industries,
occupational hygiene requirements are imposed as a matter of course by a regulatory authority
that may not have particular knowledge of radiation hazards. Guidance is needed for both the
operator and the regulator on appropriate control measures, and the extent to which these can be
achieved by normal occupational hygiene requirements. Such guidance should also provide an
appreciation of the need to avoid overlapping and unnecessary regulatory requirements.

3.2.3. Knowledge and awareness of hazards and exposures

Because NORM industries traditionally have not been subject to radiological protection
measures, there is a general lack of awareness and knowledge of radiological hazards and
exposure levels by legislators, regulators and operators (particularly operators of small
businesses). Legislators and regulators lack knowledge of the various merals, and of their
management, processing and use. Operators, but also downstream users of the materials, lack
knowledge of radiological protection and are often fearful of the implications of regulation.

The level of co-operation between regulators and operators was not regarded as adequate
in all countries, and it was suggested that some regulators might feel uncomfortable about
providing advice to operators, as they did not feel that this should be part of their regulatory
function.

Many countries do not have national radiological protection advisory bodies to assist
legislators, regulators and operators.

3.2.4. Radiological data applicable to NORM industries

The identification of NORM activities requiring regulation is based in many cases on

generic data from literature.

There is a general lack of reliable sector-specific technical data for assessing occupational
exposures associated with NORM activities, examples of which could include data on solubility
of natural radionuclides in the body, radon emanation fractions for specific minerals, equilibrium
status of radionuclides in specific materials, and dose conversion factors for dust with AMAs
other than default values.

Data that could be valuable for promoting effective radiological protection in NORM
industries is often not shared between companies and/or users because of fear of the
consequences of releasing such information and because of competition between industries.

Some of the data published in documents such as European Commission RP95 [20] is
regarded as inaccurate, in that it is not representative of many NORM operations.
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Available data tends to be fragmented among different bodies, and there is a need for
sector-specific data to be centrally compiled by the LEA using inputs from regulatory
authorities, NORM industries and advisory bodies.

3.2.5. Risk assessment issues

In many NORM operations where the radiological risk is small, and where the scope for
achieving significant reductions in doses may be limited, the cost of conducting a detailed,
comprehensive radiological risk assessment may not be worthwhile in terms of net benefit.

Because of the lack of reliable data, there is a tendency to use over-conservative
assumptions in modelling exercises, with the potential for large errors due to multiple use of
conservative values. The scenarios used to calculate the doses should be based on realistic job
information.

There is a need for greater co-operation between national authorities and NORM
industries in establishing the true radiological risks associated with NORM operations.

3.2.6. Radiological protection

There is a need for sector-specific guidance on appropriate radiological protection
measures for NORM industries to be centrally compiled by the LAEA using inputs from
regulatory authorities, NORM industries and advisory bodies. This guidance needs to be directed
at assisting regulatory bodies and operators in identifying effective ways of meeting the
requirements of the BSS in specific industries.

Specific guidance is needed on effective means for reducing radon concentrations in air
and water, given that, without appropriate controls, radon concentrations can reach very high
levels even where uranium and radium concentrations in the raw material may be very low.

3.2.7. ine waste management issues

Some mine waste management issues raised in the presentations are outside of the realm
of occupational exposure but are nevertheless considered to be important.

Non-uranium/non-thorium mines have in many cases been operating for several decades
and are only now being brought under regulatory control. These mines generally have old mine
residue deposits that were constructed in the past without consideration of the radiological
impacts on the public and the environent. Although the ongoing mining operations can be
treated as practices, it is often impractical to apply the principles for practices to pre-existing
residue deposits. In particular, it is not always feasible to comply with the 300 RtSvy dose
constraint recommended by the ICRP [21]. There are in any case some concerns about the
appropriateness of applying the 300 jiSv/y dose constraint to mine residue deposits:
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Due to the nature and configuration of some mnining facilities, a case can be made for the
adoption, on a site-specific basis, of a more flexible constraint without compromising
compliance with the 1 mSv/y dose limit taking other sources into consideration. Average
and normal range of natural radiation exposure can be applied as a yardstick for
reasonable reference levels. In specifying these levels not only the geological situation,
the content of radionuclides in soils and rocks or the variation of the background radiation
exposure should be taken into account. Other relevant issues, e.g., habits, social and
economic conditions and, not least, the acceptance by the public can be of significance
[22].

The choice of a 300 Sv/y dlose constraint can be questioned on the basis that the EU
proposes this same value as an exemption level for NORM activities [ 15]. Clearly, there
would be problems in adopting the same dose value as an exemption level and as a dose
constraint.

In terms of the recommendations of ICRP Publication 82 [23], pre-existing residue
deposits such as those mentioned above should in any case rather be treated according to the
principles of intervention. This would imply that doses should still be kept as low as reasonably
achievable, economic and social factors being taken into account (ALARA), but dose limits
would not apply. Guidance on such situations, in line with these recent ICRP recommendations,
needs to be provided by the IAEA.

Another issue related to mine waste management concerns the disposal of small
quantities of radioactive residues from minerals processing operations in which the activity levels
have become significantly enhanced. For instance, the manufacture of sulphuric acid from pyrite
in South Africa has been found to produce radium-rich scales with activity concentrations of up
to 10 000 Bq/g. Dilution of this material by dispersion into an existing tailings dam has been
suggested as the most appropriate disposal option. This would not be regarded as acceptable for
wastes containing artificial radionuclides but, for NORM waste, it could be seen as simply re-
establishing the original concentration in the ore - such an approach is highlighted in the EU
document on exemption and clearance of NORM [1 5]. Again, guidance from the IAEA is needed
in this regard.
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4. RECOMMENDATIONS OF THE MEETING

The final recommendations of the meeting are summarized as follows:

Recommendation 1: Sector-specific safety reports

The AEA, in broad consultation with NORM industries, regulators and advisory bodies,
should create individual sector Safety Reports for the following NORM activities:

[i] Phosphates - this includes the mining and milling of phosphate rock, and the processing
of the milled product into phosphoric acid, phosphorus and phosphate fertilizers.

[ii] Zircon - this includes the mining of zircon sands, the separation of zircon from other
minerals, milling, and downstream uses.

[iii] Monazite. rare earths and thorium - this includes the mining and processing of monazite
and rare earth ores, and the extraction and industrial uses of rare earths and thorium.
Because of its inherent radioactive nature and associated radiological aspects,
consideration should be given to creating a separate report on the industrial use of
thorium. In either event, the material contained in the existing draft Safety Report on
Protection from Occupational Radiation Exposure due to Thorium in Industrial
Operations [6] should be incorporated.

[iv] Metals - this includes the mining, milling, extraction, smelting, alloying and recycling of
metals such as copper, zinc, lead, tin, iron, ferroniobium, aluminium, titanium and gold,
where NORM is associated with the production processes.

[v] Titanium dioxide - this includes the mining, separation and processing of titanium
dioxide for use in the manufacture of pigments.

[vi] Coal and coal ash - this includes the mining and processing of coal, its use in the power
generation and chemical industries, the handling and disposal of coal ash, and the use of
coal ash in building materials.

Each of the above Safety Reports should be targeted primarily at the operator/user. It
should also be targeted at the appropriate regulatory authority, bearing in mind that in many
instances the relevant regulatory authority may have limited knowledge of the industrial
processes or of the radiological hazards involved. As well as dealing with occupational exposure,
each report should cover public/environmental aspects, transport of products and wastes, and
waste management and waste recycling. All stages of the industrial process should be included,
from mining of the raw material to the downstream uses of the product. Maintenance and
decommissioning of plant and equipment, including decontamination work, should be explicitly
covered, as such activities may give rise to exposures greater than those arising during normal
operations. Each report should include, as appropriate, the following information:

- a description of all the operations, equipment and processes, including the basic
technology, terminology and methods involved;

- a description of the NORM sources, as well as any other sources of radiation (sealed or
unsealed) that may be involved;
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detailed, comprehensive and reliable data on typical radionuclide-specific activity
concentrations in the raw materials, processed materials and wastes;
screening levels and reference levels of activity concentrations in materials for use as
guidance in determining what should fall within the scope of regulatory control, similar to
the levels published already by the EU in RP95 [20], but based on more complete and
representative data for the industrial process concerned (these data will, to a large extent,
still need to be gathered from industry and regulatory bodies and from Co-ordinated
Research Programmes or other data-gathering exercises - where data are not obtainable,
realistic assumptions should be used in deriving reference levels to avoid over-
conservative results);
a description of the exposure pathways associated with the various processes, and the
typical doses and dose rates that may be received by workers;
practical guidance on dose assessment methodologies, including numerical values of
relevant dust particle sizes (AMADs) and dose conversion factors, as well as quality
control aspects - especially where doses have to be assessed in difficult environmental
conditions such as mining;
practical guidance on appropriate radiological protection measures and mitigation
strategies, including organizational responsibilities and the competencies required; and
practical guidance on radiation monitoring, including measurement principles,
instrumentation and monitoring strategies.

The draft Safety Report on the Oil and Gas Industry [7] should be used as a model for the
preparation of the Safety Reports mentioned above.

Recommendation 2: Scope of Regulatory Control with respect to NORM

The AEA should encourage harmonization of exemption and clearance levels based on
pragmatic dose criteria for NORM. In this regard, the following recommendations made at the
Technical Committee Meeting from 22 to 26 July 2001 at the Agency's Headquarters [ 1 1], are
fully supported:

"The objective should be to establish a coherent system of radionuclide-specific levels
(expressed in terms of total activity and of activity concentration) for defining the scope
of regulatory standards. Schedule I of the BSS would then be superseded.

Natural radionuclides should be included; a basis for exemption and clearance has been
suggested by the Technical Committee."

The issues highlighted under sections 3.2.2 and 3.2.7 above, relating to the "grey area"
between practice and intervention when considering the regulation of NORM industries, should
also be addressed by the Agency in its deliberations on the scope of regulation. In order to avoid
problems that can sometimes arise when applying regulation retrospectively to existing NORM
activities - both with regard to occupational exposure and waste management (public exposure)
issues - it is recommended that the Agency consider the approach taken by the European
Commission with respect to NORM activities [14], in terms of which there is provision for the
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implementation, as necessary, of corrective measures and radiation protection measures in
accordance with the principles of intervention and practices respectively. For the specific case of
pre-existing mine residue deposits, the recommendations contained in paragraph 39 of ICRP
Publication 82 [23], regarding the application of the principles of intervention, should be
considered.

The Agency should develop further guidance on the applicability of the radon action level
to mines. In terms of existing AEA guidance on occupational radiation protection (paragraph
2.19 of [1]), examiples of workplaces where exposure to radon is considered to be adventitious -

and accordingly the radon action level is applicable - include "mines (other than those intended
to produce radioactive ores)". However, it is not clear what criterion should be used to define a
radioactive ore. One approach, similar to that adopted by the European Commission [14, 24]
could be to base the criterion on whether or not the ore is exploited for its radioactive properties,
noting that this is not restricted to uranium/thorium mines but could include the extraction of low
grade uranium as a by-product of other minerals such as copper or gold. The disadvantage of
such an approach is that the criterion would be related more to market-related factors than to
radiological factors. A better approach might be to base the criterion on the activity
concentrations of radionuclides contained in the ore, regardless of whether or not they are
exploited for their radioactive properties. It is recommended that this latter approach be explored
further by the Agency.

The Agency should also give consideration to the establishment of a thoron action level,
although - because of the short half life of thoron - it would probably have to be expressed in
terms of thoron progeny concentration. Such an action level could be important in monazite
mines and possibly in other underground mines where the ore contains elevated concentrations of
thoriumi.

Any further guidance on radon and thoron action levels, as proposed above, should be
incorporated into the appropriate sector-specific Safety Reports proposed under
Recommendation 1.

Recommendation 3: Detailed guidance on exposure to radon and gammna radiation in
workplaces other than mines

Specific and detailed guidance should be issued on how member states can identify
workplaces with potentially high radon levels. This guidance should be developed taking into
account that:

- knowledge of the geological conditions will usually be a good guide to identifying
potential areas where high radon concentrations can be found, both in underground and
aboveground workplaces;

- surveys of radon in dwellings used to identify radon prone areas can be very useful; and
- underground workplaces are always at risk for high radon levels, as are workplaces using

large volumes of groundwater indoors.
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Guidance, for instance in the form of IAEA Practical Radiation Technical Manuals,
should be issued on measurement techniques for radon, on measurement protocols for radon in
workplaces (including assessment of occupational exposure), and on different measures for
remedial and preventive actions (including optimization of actions). In this context it is important
to remember differences in climate and building practices in different parts of the world, i.e. the
recommendations should be very general in nature.

Much of the needed information is already at hand in, for instance, European Community
and US Environmental Protection Agency documents or in reports from member states. The
IAEA should draw from these documents. The Agency should be able to back up the
implementation of the guidance with. training programmes, advice etc (see also Recommendation
4).

Guidance should also be given on the safe use of building materials with elevated levels
of natural radionuclides, to avoid unacceptably high levels of indoor radon and gamma radiation.
IAEA should take notice of the report "Radiological protection concerning the natural
radioactivity of building materials" from the European Commission (RP 1 12) [25].

Recommendation 4: Training

The AEA should develop training programmes for the different sectors of NORM
activities. The basis for these training programmes should be the Safety Reports proposed in
Recommendation 1.

In addition, the IAEA should develop a training programme on radon in workplaces. The
training programme should include training courses on different levels, covering different aspects
of the radon problem and aimed at different target groups. The audience should include
regulatory authorities and experts of different kinds in Member States that have not yet taken
action on radon (222Rn and 22Opm) control in workplaces. Such a training programme should
cover:

* background information on radon;
* radiation protection related to radon;
* identification of potential problem areas;
* measurements and assessments;
* establishment of a regulatory framework for the control of radon in workplaces;
* remedial and preventive actions.

The European Commission organized an international training course "Radon indoor risk
and remedial actions" in Stockholm in 1995 in co-operation with the Swedish Radiation
Protection Authority [26]. The outlines of that course could be used, should the LAEA choose to
organize a similar course. Training courses on different aspects of the radon problem have been
arranged for several years in the United States and Sweden and probably also in other countries.
In Switzerland a series of training courses aimed at different target groups, held in German,
French and Italian, was started in 2001 [27]. It is recommended that the IAEA draw from the
experiences from these and other countries.
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Recommendation 5: Support actions

The AEA should develop a programme of support actions in relation to the identification
of NORM activities, the control of radon in workplaces and the establishment of the necessary
regulatory framework, as indicated in section 3.2.3.

For the identification of NORM activities it is recommended that experience gained
already in various countries should be used by the Agency as input to this support action.

For radon control, support actions could take the form of the co-ordination of
international radon intercomparison exercises, provision of regionally based calibration support
services and provision of technical assistance in relation to the development of a regulatory
framework and to the identification of potential problem areas. Technical assistance given to
developing countries for the development of radon measurement techniques and the necessary
facilities should be provided in a sustainable form. The support given should take into account
the technology base of the recipient country and should make use of local expertise. It is noted
that track etch detectors are widely used throughout the world and involve relatively simple
technology. Technical assistance could be organized through national or regional laboratories.

Some Member States could also need help in establishing a regulatory framework for the
control of radon in workplaces and of other NORM activities, including allocation of
responsibilities of the employer and the national authority. When providing assistance in
establishing regulatory frameworks for NORM activities that do not involve exposure to radon, it
should be borne in mind that existing occupational health and safety regulations in the Member
State concerned - such as regulations for dust control - may be adequate as they stand, or with
some revision, to deal with the radiological hazards.

Recommendation 6: Information exchange

The Agency should co-ordinate international and regional initiatives for the exchange of
information and experience with regard to NORM. This should on the one hand enhance the
awareness and knowledge of the users of the information, i.e. legislators, operators and
downstream users of NORM, and on the other hand provide for a means to the Agency to
evaluate the effectiveness of its guidance. Information should be exchanged within a sector,
where it could address specific problems that are relevant for that sector, but should also be
exchanged between sectors for general information.

There are many means for the dissemination and exchange of information. Several of
them are already used by the Agency, and mentioned in the AEA Occupational Radiation
Protection Programme. An important medium is the use of the Internet. In addition, meetings,
seminars and workshops dedicated to certain problem areas should be organized. It is
recommended that the Agency should pursue its recently initiated project to establish
international and/or regional networks that could be used as platforms for information exchange
and the organization of workshops. This project is based on the example of the highly effective
European ALARA Network. This network publishes newsletters, organizes yearly workshops on
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specific subjects, gives recommendations to the European Commission and stimulates research

projects on occupational exposure.

Recommendation 7: Exposure to cosmic radiation

A report "Exposure of Air Crew to Cosmic Radiation" was published in the European
Commission's Radiation Protection series as RP 85 [28]. It is noticed that a previous meeting to
Review Existing IAEAIILO and Other Guidance on Occupational Radiation Protection and to
Plan for Future Activities [13], proposed that the Agency should provide guidance on exposures
to air crews. It is recommended that this be done in co-operation with the European Commission.

Priorities

It is recommended that the sector-specific safety reports (recommendation 1) should be
started as soon as possible with consideration given, to developing some of the reports
simultaneously. The highest priority reports are considered to be those of phosphate; zircon;
monazite, rare earths and thorium; and titanium dioxide.

The development of detailed guidance on exposure to radon and gamma radiation in work
places other than mines (recommendation 3) should be pursued with equally high priority as that
of recommendation 1.

Training, support actions and. information exchange (recommendations 4, 5 and 6) should
be pursued as a follow-on to the safety reports.

The scope of regulatory control with respect to NORM and exposure to cosmic radiation
(recommendations 2 and 7) are already part of the Agency's programme.
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APPENDIX 2
AGENDA OF THE MEETING

Monday 7 May

9.30 Opening by Mr. Abel J. Gonzalez, Director, Division of Radiation and Waste Safety
- Welcome and administrative remarks. Mrs. M. Gustafsson
- Introduction of participants
- Approval of the Agenda
- Presentations by IAEA:

The IAEA Occupational Radiation Protection Programme: K. Mrabit
IAEA Expert group on simplified approaches to defining the scope of regulations:
A. Bilbao

- Presentations by participants (continued also on Tuesday 8 May and listed below
according to the alphabetical order of countries):

1. Systematic Study of the phosphate Industry in Belgium, A. Poffijn, Belgium.
2. Occupational Exposure to Natural Radiation in Brazil, D.R. Melo, Brazil.
3. Canadian National Calibration Reference Centre for Bioassay and In Vivo Monitoring,

G.H. Kramer, Canada.
4. Health Effects Following Long-term Exposure to Thorium Dusts. A Fourteen-year

Follow-up study in China, Chen Xing--An, China.
5. Control of radon in Finnish workplaces, M. Markkanen, Finland.
6. Monitoring of the Radon Exposure in Workplaces: Regulatory Approaches, E.

Ettenhuber, Germany.
7. Monitoring for occupational exposure to natural radiation in India, G.K. Srivastava, India.
8. Work Activities Involving Significant Exposure to Natural Radiation Sources:

Development of a Regulatory Framework in Ireland, D. Pollard, Ireland.
9. The assessment of the Aircrew exposure, L. Tommasino, Italy.
10. Identification of work activities in the Netherlands, J. van der Steen, Netherlands.
11. Technologically Enhanced Natural Radiation in Mines, J. Skowronek, Poland.
12. NORM in Polish metal-ore mines (radon exposure), D. Kluszczynski, Poland.
13. Radioactivity in the Zircon Industry, J. Selby, South Africa.
14. Occupational exposure to NORM in South Africa, D.G. Wymier, South Africa.
15. Occupational Exposures in Underground Gold Mines in South Africa: An Overview, M.

Khoathane, South Afica.
16. Co-operation - the Way Out (introducing the Natural Materials Radiation Control

Initiative), I.D. Kruger, South. Africa.
17. Occupational Exposure in South African Metallurgical Plants and Industries Involving

Naturally Occurring Radionuelides, I.D. Kruger, South Africa.
18. Assessment of Occupational Protection Conditions in Workplaces with High Levels of

Exposure to Natural Radiation: The Spanish Situation, J.L. Martin Matarrarnz, Spain.
19. Workplaces with elevated levels of exposure to natural radiation: The situation in

Sweden, L. Mjt~nes, Sweden.
20. High indoor radon concentrations in some Swedish waterworks, L. Mj~nes, Sweden.
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General discussion

Wednesday 9 May

Forming of Working Groups and distribution of work
Working Group discussions

Thursday 10 May

Working Group discussions (continued)
Reports of the Working Groups
Preparation of the Meeting Report

Friday 11 May

Discussion of the Meeting Report
- Conclusions and recommendations

12.30 Adjourn
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APPENDIX 3
REPORT BY GROUP I: Mining

Ms. D. Rabelo de Melo, Brazil
Mr. Chen Xingan, China
Mr. M. Khoathane, South Africa
Mr. D.G. Wymer, South Afica
Mr. G.K. Srivastava, India
Mr. D. Kluszczyniski, Poland

DISCUSSION FRAMEWORK

(A) IDENTIFY ISSUES
(B) DETERMINE MAGNITUDE OF THE PROBLEM
(C) PROPOSE ACTION PLAN

(A) IDENTIFIED ISSUES

1. Need for regulation
2. Guidance on controls
3. General issues

1. NEED FOR REGULATION

1. 1. CRITERIA

The IAEA needs to provide reference levels similar to those provided in the publication
on Reference levels for workplaces processing materials with enhanced levels of naturally
occurring radionuclides, European Commission, Radiation Protection 95, 1999. Numbers must
be reliable and take cognizance of public exposures.

1.2. GUIDE TO REFORM REGULATORY SYSTEMS

Regulatory systems should recognize radiation hazards that could occur at mines other
than uranium mines. There should be more than one way of accommodating this in a regulatory
system and guidance is needed in doing this.

1.3. RADON ACTION LEVEL

The BSS is not entirely clear as to the applicability of a radon action level. The IAEA
Safety Guide on Occupational Radiation Protection (RS-G-1 .1) provides further guidance which
is, however, still ambiguous since it depends on the definition of radioactive ore.
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1.4. THORON ACTION LEVEL

The BSS provides an action level for radon, but there is also a need for an action level for
Thoron.

1.5. NATIONAL PROCESSES

There is a need for guidance on how Member States will identify, by means of surveys or
by other appropriate means, work activities which may be of concern, and on who should be
responsible for carrying out such surveys and assessments. This in turn implies a need for data on
exposure levels in mining worldwide.

1.6. DEFINITION OF "UNAMENABLE TO CONTROL" AS IT APPLIES TO
DISTURBING THE EARTHS CRUST

It is recommended that the Agency take cognizance of paragraph 3 on page 8 of the
Recommendations for the implementation of Title VII of the European BSS concerning
significant increase in exposure due to natural radiation sources (European Commission,
Radiation Protection 88, 1997), with respect to the definition of "unamnenable to control" as it
applies to disturbing the earth's crust.

There is a need to consider alternative criterion for exemption that is not based on trivial
dose (see for example ICRP Publication 60, 1991, para. 287; para. 19, page 8 of Reference levels
for workplaces processing materials with enhanced levels of naturally occurring radionuclides,
European Commission, Radiation Protection 95, 1999; and EU draft guide on Concepts of
Exemption and Clearance part (ii)).

Investigate the applicability of the BSS Schedule 1 to Naturally Occurring Radioactive
Material (NORM).

2. GUIDANCE ON CONTROLS

2.1. The Agency should consider the progress the EU has made in intervention / practice as
applicable to NORM (para. 7, page 9 of the Recommendations for the implementation of Title
VII of the European BSS concerning significant increase in exposure due to natural radiation
sources, European Commission, Radiation Protection 88, 1997).

2.2. Review documents such as Safety Series 95 (Radiation Monitoring in the Mining and
Milling of Radioactive Ores, 1989), to investigate as to whether dose assessment techniques and
strategies are adequate to cover all mining situations, and if not to provide further guidance.
Provide guidance on how quality control for ensuring reliability of doses should be carried out in
real mine environments.

2.3. For non-radon NORM exposures it may be that normal health and safety standards will be
in place and will be sufficient to address radiological hazards, subject to periodic review.
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3. GENERAL ISSUES

3.1. Lack of shared knowledge of NORM in mining.
3.2. Lack of shared data / information with respect to:

- Activity concentrations
- Exposure levels
- Mitigation strategies

3.3. Lack of education, training and awareness of radiation protection principles.

(B) MAGNITUDE OF THE PROBLEM

Since the magnitude of the problem depends on the availability of data, the group decided
to rank the identified issues so as to indicate the magnitude of the problem.

ISSUE RANK (HI, M,

1. NEED FOR REGULATION
Criteria H

The IAEA needs to provide reference levels similar to those provided in the EU
Guide RP-95. Numbers must be reliable and take cognizance of public exposures.

Guide to reform regulatory systems M

Regulatory systems should recognize radiation hazards that could occur at mines
other than uranium mines. There should be more than one way of accommodating
this into a regulatory system and guidance is needed in doing this.

Radon action level M

The BSS is not entirely clear as to the applicability of a radon action level. The
LAEA Guide on Occupational Radiation Protection provides further guidance which
is, however, still ambiguous since it depends on the definition of radioactive ore.

Thoron action level L

The BSS provides an action level for radon, but there is also a need for an action
level for Thoron.

National process H

Need for guidance on how Member States will identify, by means of surveys or by
other appropriate means, work activities which may be of concern, and who should
be responsible for carrying out such surveys and assessments. This in turn implies a
need for data on exposure levels in mining worldwide.
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Definition of 'unamnenable to control' as it applies to disturbing the H
earth's crust

It is recommended that the IAEA take cognisance of paragraph 3 (page 8 EU-Guide
88) with respect to the definition of 'unamenable to control' as it applies to
disturbing the earth's crust.

Need to consider alternative criterion for exemption that is not based on H
trivial dose

Investigate the applicability of the BSS schedule 1 to NORM H
2. GUIDANCE ON CONTROLS _____

The IAEA should consider the progress the EU made in intervention /H
practice as applicable to NORM

Review documnents such as Safety Series 95 to investigate as to whether H
dose assessment techniques and strategies are adequate to cover all mining
situations, and if not to provide further guidance. Provide guidance on how
quality control for ensuring reliability of doses should be carried out in a real
mnine environment

For non-radon NORM exposures it may be that normal health and safety m
standards will be in place and will be sufficient to address radiological
hazards, subject to periodic review

13. GENERAL
Lack of shared knowledge of NORM in mining H

Lack of shared data information with respect to: H

Activity concentrations
Exposure levels
Mitigation strategies

Lack of education, training and awareness of radiation protection principles H

(C) PROPOSED ACTION PLAN
1. PROPOSED SAFETY REPORTS

a) Sector specific safety reports on:
- PHOSPHATES
- ZIRCON
- COAL / (FLY ASH - consider use as building material)
- METAL

- PIGMENT
- FLUOROSPAR (is it big enough to warrant a separate report?)
- BUILDING MATERIAL (should it include fly ash?)
- CATALYSTS?
- SCRAP INDUSTRIES (should current guidance be expanded to include NORM

rat her than a separate NORM report?)
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RARE EARTHS?

b) General comment on sector specific safety reports:
Each of the above safety reports must include all activity and exposure data in that
particular sector.
The current guide on mining and processing of raw materials is of little
applicability outside of the uranium industry - should be restricted to uranium.
Sectors to be considered first:

1 . METAL
2. ZIRCON
3. PHOSPHATES
4. COAL/ASH

Each sector report must contain its own reference levels.
Each report must cover the whole mining, processing and waste management
cycle.

2. ADDRESS COMMON ISSUES
a) Technical issues

- Need to define radioactive ore for the purpose of determining the applicability of
radon action level in mines

- Provide an action level for Thoron
- It is recommended that the Agency take cognizance of paragraph 3 (page 8

EU Guide RP-88) with respect to the definition of "unamenable to control" as it
applies to disturbing the earth's crust.

- Need to consider alternative criterion for exemption that is not based on trivial
dose [ICRP - 60, para: 287], [EU Guide RP-95, para 19], [EU draft guide on
Concepts of Exemption and Clearance, part (ii)]

- The Agency should consider the progress the EU has made in intervention/
practice as applicable to norm (par 7 EU Guide RP-88).

- Review documents such as Safety Series 95 to investigate as to whether dose
assessment techniques and strategies are adequate to cover all mining situations,
and if not to provide further guidance. Provide guidance on how quality control
for ensuring reliability of doses should be carried out in real mine environments.

- For non-radon NORM exposures it may be that normal health and safety standards
will be in place and will be sufficient to address radiological hazards, subject to
periodic review.

The Regulatory Infrastructure Working Group should address the first four of the above
issues.

b) Awareness issues and implementation of guidance and assistance
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Develop a single IAEA/TL guidance document to address the following:

- Regulatory system should recognize radiation hazards that could occur at mines
other than uranium mines. There should be more than one way of accommodating
this into a regulatory system and guidance is needed in doing this.

- Need for guidance on how Member States will identify, by means of surveys or by
other appropriate means, work activities which may be of concern, and on who
should be responsible for carrying out such surveys and assessments. This in turn
implies a need for data on exposure levels in mining worldwide.

- Lack of education, training and awareness of radiation protection principles.
- Examine appropriate methods of implementing guidance, taking account of the

Extract from the Consultants meeting to review the existing IAEA/1L and other
guidance on occupational radiation protection and plan for future activities.
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APPENDIX 4
REPORT BY GROUP II: Radon in workplaces other than mines

Mr. E. Ettenhuber, Germany
Mr. J. Jankowski, Poland
Mr. M. Markkanen, Finland
Mr. J.L. Martin Matarranz, Spain
Mr. J. McLaughlin, Ireland
Mr. L. Mj~nes, Sweden
Mr. D. Pollard, Ireland
Mr. T. Strand, Norway
Mr. L. Tomnmasino, Italy

I. Comprehensive inventory of the problem

A. Industry-related workplaces with potentially high radon levels

Waterworks using groundwater
Industries using large volumes of groundwater (food industries, breweries, laundries etc.).
Recreational facilities using large volumes of groundwater (spas, swimming baths etc.).
Bulk processing and storage of radium-containing material, such as in the phosphate.
Industry.
Spas.

B. Incidental workplaces with potentially high radon levels

1. Underground workplaces

Tourist caves, visitor mines.
Tunnels (construction and maintenance).
Service tunnels for electricity, telecommunications, sewage facilities etc.
Power stations (for instance hydropower stations).
Metro lines.
Governmental underground facilities (defense installations, archives etc.).
Commercial underground facilities (bank vaults, storage facilities etc.).

2. Aboveground workplaces

Workplaces in identified high radon areas.
Workplaces constructed of high radon emanating materials.
Workplaces constructed on landfill sites.
Workplaces constructed on very permeable ground.
Workplaces in buildings with soil floor.
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H. How to assess the magnitude of the problem

The magnitude of the radon problem is highly affected by the climate, the way of
construction and geological factors and it is therefore difficult to assess, on a general level, the
relative importance e.g. between aboveground and underground workplaces as a source of
occupational exposure in the Member States.

Measurements: Radon gas should be measured. The measurements should be performed
by an approved laboratory, at least an independent one. The Agency should give guidance on
suitable measurement methods and needed quality assurance (QA). f the workers are stationary,
area monitoring is suitable. f the workers move around a lot, personnel monitoring is probably
better (waterworks, service tunnels, show caves etc.).

Risk assessments: Should be made by the employer and approved ?? by the regulatory

authority. (It is fairly easy to manipulate radon measurements).

A. Industry-related workplaces with potentially high radon levels

Waterworks

In planning the monitoring of exposure to radon in workplaces other than mines the
following issues should be taken into account: In workplaces, e.g. waterworks, the employees
move around different rooms, workshops etc. The radon concentrations can be extremely
different and the working times can be very different, sometimes very short.

Works, e.g. repairs and maintenance will be made not only by the employees, but also by
outside workers of service companies specialized in that kind of work. These companies can
operate in many different waterworks. Therefore the use of generally accepted methods for
monitoring the occupational exposure to radon is necessary. Generally, personnel monitoring is
often suitable in this situation. The employer has the responsibility that measurements are
performed, but the waterworks officials have the responsibility to make sure that measurements
are made.

Recreational facilities using large volumes of groundwater (spas, swimming baths etc)

Bulk processing and storage of radium-containing material

Industries using large volumes of groundwater (food industries, breweries, washeries etc.)

Area monitoring will usually be sufficient.

Underground spas

For underground spas area monitoring is usually sufficient. For the risk assessment,
working hours and work patterns are needed.
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B. Incidental workplaces with potentially high radon levels

1. Underground workplaces

Usually the number of workers (guides) is small. High radon levels are common. The
guides bring the tourists around the mine or the cave. This is very often a part time job (during
the summer season). The seasonal variations of the radon concentration are limited. The radon
concentrations can vary considerably between different parts of the cave or the mine. The
assessment of the exposure could start with performing area monitoring of the radon
concentration at a number of places where the tourist groups usually stop. However, the geometry
of the caves or the mines is often very complicated so it might be better in some cases to use
personnel monitoring directly. If area monitoring and risk assessment shows that the exposure
could exceed a reference level for exposure, established by the competent authority, some action
should be taken. The next step could then be personnel monitoring of the guides. There are few
options for remedial measures, especially for the show caves, where the ventilation must not be
changed. For visitor mines increased ventilation might be a possibility, but it is probably too
expensive. Another possibility to reduce the exposure is to reduce the number of working hours.

2. Aboveground workplaces

Surveys

It is recommended that the Member States start with a, preferably representative, survey
of radon in dwellings to identify radon-affected areas. The survey is then used as a predictive tool
for identifying workplaces with high radon levels.

Identification of aboveground workplaces

- National survey.
- Known risk areas like eskers, landfill areas (uranium-rich material).

In the absence of surveys, other geological information might be used, for instance
uranium surveys, geological maps etc.

Measurements

Radon measurements should be performed first in premises that have contact with the
ground. However, radon can be present at higher levels in a building due to building materials or
to radon being transported from the basement by the ventilation system.

Gamma radiation measurements may indicate a potential for significant release of radon
from building materials.

Aboveground workplaces can almost always be remedied to moderate costs. It is hardly
necessary to introduce a system of protection of workers. Perhaps registration of the workplaces
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having a problem might be required (page 27 of the draft Safety Report on Radiation Protection

against Radon in Workplaces other than Mines).

New workplaces

The cheapest means to avoid future workplaces with high radon levels is to assure that
new workplaces in radon affected areas are built radon safe. The construction of the building is
equally important.

1Hl. Proposed Action plan for the IAEA

The Agency should provide guidance, training and technical assistance and also support
information exchange in the following areas:

Guidance provided by the IAEA_.

- Identification of potential problem workplaces, including the conduct of surveys to
identify radon prone areas.

- Measurement techniques, protocols, occupational exposure assessment and assessment of
the need for remedial measures (including optimization of actions).

- Remedial and preventive actions (remembering differences in building practices in the
Member States > recommendations should be very general in nature).

- Establishment of a regulatory framework for the control of radon in workplaces, including
allocation of responsibilities of the employer and the national authority.

Much of the needed information is already at hand in, for instance, EC and US EPA
documents. The Agency could draw from these documents. The Agency must be able to back up
implementation of the guidance with training programmes, advice etc.

Training (audience: regulatory authorities and experts in the Member States)

The Agency could develop a training programme targeted at Member States that have not
yet taken action on radon control. Such a training programme would cover:

- Background information on radon.
- Radiation protection related to radon.
- Identification of potential problem areas.
- Measurements and assessments.
- Establishment of a regulatory framework for the control of radon in workplaces.
- Remedial and preventive actions.

Support actions

The Agency could develop a programme of support actions in relation to radon control as

follows:
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Co-ordination of international radon intercomparison exercises.
Provision of a regionally based calibration support service.
Provision of technical assistance in relation to:
- Development of a regulatory framework.
- Identification of potential problem areas / surveys /interpretation of existing data.

Technical assistance given to developing countries for the development of radon
measurement techniques and needed facilities should be based on the principles of sustainable
development. Support given should take into account the technology basis of the recipient
country and should make use of local expertise. It is noted that track etch detectors are widely
used throughout the world and involve relatively little technology. Technical assistance could be
organized through the Agency's regional laboratories.

Information exchange

The Agency should co-ordinate international and regional initiatives for the exchange of
information and experience. Such initiatives might include:

- meetings on occupational radon control (combined with NORM issues). This would
allow the Agency to evaluate the effectiveness of its guidance.

- the use of the Internet for the dissemination and exchange of information and training.
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APPENDIX 5
REPORT BY GROUP M: Deliberations of the processing, handling, decommnissioning,

and any other self-identified issues sub group.

Mr. J.H1. Selby, South Africa
Mr. I.D. Kruger, South Africa
Mr. J. Skowronek, Poland
Mr. G.H. Kramer, Canada
Mr. L. Bologna, Italy
Mr. J. van der Steen, Netherlands
Mr. A. Poffljn, Belgium

Concentrations of radionuclides in minerals used in the phosphate industry are fairly well
known and industries that use this material should have access to this information. Information
for other source material can be found; however, some industries may not know there is
radioactivity present so they won't even measure it. How accurate is this data when it is based on
sampling of a large quantity? Mr. Selby commented that samnpling was good in his industry
although there will be differences on a micro-scale.

Lack of information

Transport of radium contaminated waste water from mine sites (Poland).
Lack of awareness in some country's Phosphorous, Phosphate and Fertiliser industries of
how to deal with the natural radioactivity.
Ore grades (radionuclide content).
Radiation protection aspects of processing and maintenance.
Waste products and recycling/handling.
Decommissioning.
Public/environental aspects of processing.
Transport of waste/products.
Downstream uses

The Safety Report on Thorium should be edited and re-named to specifically deal with

Monazite. One other document describing Thorium uses needs to be written.

Problem areas

The definitions of Exemption and Exclusion were identified as a problem and have been
misinterpreted. They need to be clarified.

Lack of information on the following which need Safety Reports:

phosphates.
zircon industry.
coal and fly ash in the power industry.
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metal (Cu, Pb, Au, Fe, Zn, Sn, Al, Ti, FeNb alloy) production sector.
pigment industry (TiO2).
fluorospar.
building materials industries (natural stone).
catalysts?
scrap industry.

It should be noted that two areas are finished, or partially finished: Oil and Gas, Thorium
(although this needs more work)
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Knowledge Matrix based on group member's opinion and available information.
phospb zircon coal pigmnt Fluo build Au & Cu & Zn Pb Sn Steel & FeNb Total

r scrap' Ti Al
ore grade 5 4 5 5 2 4 4 4 4 4 1 4 2 48
RP process 3 3 3 4 1 3 4 3 2 2 1 4 2 35
waste/recycle 3 3 3 3 2 3 3 3 2 2 2 4 2 35
decommiss. 3 3 3 4 1 3 3 3 2 2 1 3 2 33
public/environ 3 3 2 4 I 3 3 3 2 2 1 4 2 33
transportation 5 5 5 5 3 5 4 5 5 5 1 5 2 55
downstream uses 3 2 4 5 2 3 4 5 5 5 1 5 2 46
TOTAL 25 23 25 30 1 2 24 25 26 22 22 8 29 14
*excluding orphan sources

Activity Matrix (B gig) for feedstuff.
phosphate zircon coal Pigment fluor build Au Al

feedstock
U-238 0.05 -5 3.5 -4.5 0.02 -0.2 0.07 -9 0.3 0.01 -5 0.1 -2 <1
Th-232 0.01 - 0.5 0.3 -1 0.0 -0.1 0.07 -9 0.3 0.01 -1 0.1 -1 <1

Scrap Cu Zn Pb Sn Steel FeNb Ti
U-238 0.03 -0.5 <0.05 <0.0 1 < 1 <0.05 1 7 < 1
Th-232 0.1 - 0.3 0.01-0.3 <0.05 5 0 < 1

Scale

Group has no knowledge 1
Minimal knowledge is some countries 2
Partial knowledge or knowledge in some countries 3
Good knowledge in some countries 4
Sure of knowledge in all countries 5
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Discussion issues:

Radon exposure workplaces and use of action levels. This topic was beyond the scope of
our working group.
Non-radon exposures, efforts in European countries. Identify industries and sectors and
how to institute control. Partially complete by discussion.
Natural background. It was felt that this topic was beyond the scope of our working
group.
Exemption - decide on criteria for NORM. It was felt that the 1 0 gSv/y was unworkable
and that the level should be higher. A reasonable level was felt to be 0.3 - 1 mSv/y.
Intervention needs to be evaluated on a case by case basis. Clearance levels should also be
equal to exemption levels.
Regulation of small mining facilities. This topic was beyond the scope of our working
group.
Guidance on controls for NORM facilities. This will come from the Safety Reports.

* Application of control on existing facilities - issue of intervention or practice. This is a
difficult issue and the working group cannot give a clear answer at this time.

* Lack of knowledge in NORM. This topic was dealt with by the working group.
a Lack of data. This topic was dealt with by the working group.
* Level of regulation. Inconsistent levels can cause problems and the LAEA could work at

trying to harmonise them amongst Member States.
* Assessment methodologies. Avoid the use of models and default data wherever possible.

Use real data collected or measured at the work-site.
* Definition of controllable dose. This topic was beyond the scope of our working group.
* Communication of radiation concepts to workplaces other than mines. It is expected that

the new Safety Reports will achieve this goal provided that the audience is correctly
chosen. These reports should involve the appropriate industries and regulators in the
document's creation.
Recommendation of reference levels. This has been addressed in the above topics.
New ICRP discussion on philosophy of radiation protection needs to be taken into
account. This topic was beyond the scope of our working group.
Guideline on addressing the issue of instruments used for assessment of exposure to air
crews. This topic was beyond the scope of our working group.

Action plan

1. Create Safety Reports

The LAEA should develop Safety Reports dealing with the identified problem areas.

In no particular order, the following should be done:

purpose of the report should be clearly defined.
target the audience primarily to the user, but also the regulator.
include collated data fr-om the appropriate industry/regulator.
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co-operative venture between the regulator, industry, consultants, industry
associations and the IAEA.
collect data in situations where none is available by research programmes (expert
groups).
define the data needed for the occupational radiation protection programme
(expert groups).
the LABA should create a document preparation profile for Safety Report creation.
include control matrix based on feed grade and process.

Document preparation profile

Each Safety Report should have a similar format and deal with the following issues:

Ore/feedstuff grades (radionuclide content).
- define radiation protection properties of the feed

Radiation Protection aspects of processing and maintenance.
- assessment and control methodology
- define radiation protection properties of the process
- identification of high risk conditions within or as a result of processes

Waste management and waste recycling.
Deconiissioning.

- assessment and control methodology
- reconsider all other points

Public/environmental aspects of processing.
Transport of waste/products.
Downstream uses.

- for each use reconsider the above topics

2. The LAEA should facilitate exchange of information

Information needs to be exchanged between sectors and within sectors.

3. The LAEA should facilitate education and training

Training and Education of users of Safety Reports.

4. The IAEA should encourage harmonization of exemption and clearance levels

Use practical/pragmatic dose criteria for NORM to accomplish this task.

5. The LAEA should provide guidance on the application of intervention criteria to

pre-existing "NORM" industries
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6. Where data cannot be obtained, or model parameters are used, realistic assumptions
should be used to avoid over-conservatism.

7. The IAEA should set up a working group to address the issue of aircrew exposure.

8. The Safety Report "Protection for Occupational Radiation Exposure Due to
Thorium in Industrial Operations" should be revised to focus on the Monazite
sector and extra guidance is needed on downstream thorium.

9. The Safety Guide DS-17 "Occupational Radiation Protection in the Mining and
Processing of Raw Materials" should be expanded with sector specific Safety
Reports.

10. The IAEA should review their approach for dealing with the NORM issue. The
working group suggests the development of a sector based comprehensive approach
including occupational, environmental, waste, transport, and downstream uses.

Ranking of Action Plan

- The AEA should review their approach for dealing with the NORM issue.

2 - Write Safety Reports (see priority ranking below).

3 - The Safety Guide DS-17 "Occupational Radiation Protection in the Mining and
Processing of Raw Materials" should be expanded with sector specific Safety Reports.

4 - The Safety Report "Protection for Occupational Radiation Exposure Due to Thorium in
Industrial Operations" should be revised to focus on the Monazite sector and extra
guidance is needed on downstream thorium.

5 - The AEA should provide guidance on the application of intervention criteria to pre-

existing "NORM" industries.

6 - The AEA should encourage harmonization of exemption and clearance levels.

7 - The LAEA should facilitate exchange of information.

8 - 'Where data cannot be obtained, or model parameters are used, realistic assumptions
should be used to avoid over-conservatism.

9 - The IAEA should facilitate education and training.

10 - The LAEA should set up a working group to address the issue of aircrew exposure.

Based on the guidance matrix below, the priority ranking for Safety Reports is:
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Monazite
Copper/Phosphates
Fluorospar
Zircon/Pigments
Coal/Scrap
Zinc/Gold
Steel
Building materials

More Data is required on:

Tin
Leadlferroniobium
Aluminium
Titanium
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Need for guidance matrix.
phosph zircon coal pignmt fluor Build Scrap Cu Zn Pb Sn Steel FeNb Al Ti Au monzt

ore grade 4 4 4 4 4 4 2 3 4 4 1 4 2 4 4 4 4
RP process 3 3 3 3 2 4 2 2 3 1 1 3 2 1 2 3 4
waste/recycle 2 2 3 2 2 4 3 2 2 1 2 3 2 2 2 3 2
decommiss. 2 3 3 2 2 4 4 2 3 1 2 3 1 1 2 3 2
publc/envrn 2 3 3 2 4 3 4 2 4 1 1 4 1 1 1 3 2
Transportatn 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 2
dwnstrm uses 2 2 2 4 2 3 3 4 4 4 4 4 4 4 4 4 2
TOTAL 19 21 22 21 20 26 22 1 9 24 16 1 5 25 1 6 1 7 19 24 1 8
Rank 2 5 7 5 4 12 7 2 9 - - 1 1 - - - 9 1

Scale

2 - Known High need for guidance.
3 - Known Medium need for guidance.
4 - Known Low need for guidance.
1 - Unknown need for guidance.

5 1



APPENDIX 6
Presentations

52



XA0300666

IAEA, May 7-11, 2001

SYSTEMATIC STUDY OF THE PHOSPHATE INDUSTRY
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Systematic study of the phosphate industry in Belgium

3 major firms

FIM1: (currently) magmatic ore + acidulation with sulphuric acid

Table 1: Activity (Bq/kg) of raw material and residus

Activity (Bq/kg)

Isotope Ore Phosphogypsum residu

Zone Zone 3 Zone 5
4uK < 50 66 ±7 58 ±6 55± 6

226Ra 32 ±3 282 ±39 223 ±43 53± 8
23 T 78 ±7 38 ±10 53 ±8 183 ±38

Table 2: Radon (Bq/m3) at the different working sites

Working sites Rn (Bq/M3)

Storage room of raw material 14 ± 5
Filter room 17± 6
Control room 15± 5
Phosphoric acid vats 10 ±4
Phosphogypsum dump
zone 1 33± 6
zone 3 14± 5
zone 5 12± 4
Reference outdoor value 7 ± 4

Gamma dose-rate at different working sites

Range 0.09 en 0.45 piSv/h
Reference value 0.07 ,uSv/h

h+



FIRM 3: sedimentary ore and acidulation with hydrochloric acid

Table 3: Activity (Bq/kg) of raw material and silt

Activity(IBq/kg)

Isotope Ore Silt waste

4UK < 50 < 50

__________ 1095 ±81 7320 ±570
1z31Th 9±1 51 ±13

Table 4: Radon (Bq/M 3) at the different working sites

Rn (Bq/m3)

Working site Spring Fall Winter

Storage raw material
downstairs 74 ± 8 222 ± 28 227 ± 14
upstairs 253 ±40 160 ±22 145+ 14

Old silt basin 50±5
at ground level 50±5
m above ground 160±+22 71 ±25

l.5 mabove ground _ ___ 98+±15 58 ±11

Compression building 269 ±44 535 ± 100 805 ± 280
Control room 482 ±45 689±62

Silt basin S 3:14±12 18±4 69 0
m above ground14±2 184 69 0

1.5 mabove ground 105 ±16 60 +20
area of new silt _ ___ 84 ± 13 77 ±20

Production process 53 ± 20

Storage endproduct 34 ±19

Reference indoor value 19 ± 7



Particle size distribution measurements in storage and filter room

Storage room raw material
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Table 5: Gamma-dose-rate in and around the compression

building and silt basin S3

Location Gamma (sv/h)

Compression building 1s` floor 0.09 ± 0,01

Supply pipe filled with silt 0.18 -0.26
Supply pipe without silt 0.09 ± 0,01
Water discharge tube 0.09 ± 0,01

Compression building ground level 0.18 0.53
Silt discharge tube 1.8 ± 0,1
Discharge water 0.18 - 0.22
Water + silt 0.35 - 0.44

On silt tank close to compression building 0.88 ±0,10

On road to silt basin S3 0.18-0.35

On the area of S3 with compacted silt 2.6 - 4.4

Reference value outdoors 0.07

Particle size distribution measurements in compressing building
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FIRM 3: Environmental impact studies

Large quantities of salty water, charged with radium and heavy
metals released for many years in the nearby rivers system of the
Nete (Laak) and the Demer (Winterbeek)

The study of the Laak: completed (SCK.CEN)

The Winterbeek project:

Ongoing detailed study on radioactive and chemical contamination.

Collaborative action of the federal (FANC) and the Flemish (AMINAL)
government.

Pilot study: River banks highly contaminated (up to 5-1 0 m)

Gamma levels up to 2 jiSv/h

Radium concentration at 30 cm depth: 400-4000 Bq/kg

Radium contamination up to m depth

Radium in river sediments: 400-2000 Bq/kg

Large areas slightly contaminated (gamma levels > 0.2 jiSv/h)



Gamma dose rate measurements in the vicinity of the Winterbeek
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OCCUPATIONAL EXPOSURE TO

NATURAL RADIATION IN BRAZIL

Dr. Dunstana R. Melo

Institute for Radiation Protection and Dosimetry
National Commission on Nuclear Energy

Rio de Janeiro - Brazil



Occupational Radiation Exposures
UNSCEAR 2000

AVERAGE DOSES TO WORKERS
Radiation source Number of monitored Effective dose

workers (mSv per year)

Man-made sources
a Nuclear fuel cycle 900,000 2.9
* Other industry 600,000 0.9
* Defence activities 400,000 0.7
* Medicine 2,200,000 0.5

Total 4,100,000 1.1

Enhanced natural sources
* Mining (excluding coal) 700,000 6
* Coal mining 3,900,000 0.9
* Aircrew 250,000 3
• Other -- 300,000 <1

Total 5,200,000 1.7



Occupational Exposure to Natural
Radiation

* Extracting and Processing Industries:

> Uranium mining and milling
> Coal mines
> Metal milling and smelting
> Phosphate industry
> Fertiliser industry
> Rare earth and ceramic industries
> Pigment industries
> Oil and gas exploration and production operating companies



Occupational Exposure to Natural
Radiation

* Power production using coal

4-l

* Drinking water supply facilities

* Aircraft operation



SURVEY PILOT PROGRAM IN
CONVENTIONAL MINING INDUSTRIES IN

BRAZIL
3I

* Monazite sand extraction
* Coal mines

~ro * Gold mine
* Nickel mine
* Niobium mine
* Phosphate mine



APPLIED METHODOLOGY FOR
OCCUPATIONAL DOSE ASSESSMENT

p erational Process

__ __ ~~Analysis I_ I _
Assessment of Assessment of
External Dose Internal Dose

In vitro Aerosol Rdon
Bioassay ConcentratioI ~Veasurementf

Remedial Actions
Yes o Not9



INTERNAL DOSE ASSESSMENT

Mine Average committed effective
1 dose (mSv)

-~ ~~~ 

Coal > 1
2_1 Phosphate < 1

Nickel < 1

Gold < 1
Niobium > 1

Monazite sand > 1 
- I I - 1



PRELIMINARY CONCLUSIONS

* Coal Mines - Rn control program
* Niobium Mines - Internal monitoring program

for Th, U and their decays products
* Monazite Sands - Internal monitoring program

for Th, U and their decays products
*Nickel and Gold Mines - No enhanced internal
contamination

*Phosphate Mines - No need of internal
monitoring program.



SURVEY PROGRAMMES BEING
CARRIED OUT IN BRAZIL

* Oil and gas exploration and production operating
acornpan ies

24 * Drinking water supply facilities

* Aircraft operation
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Abstract

The mining, milling and processing of uranium and thorium bearing minerals may result in
radiation doses to workers. A preliminary survey pilot program, that included six mines in
Brazil (two coal mines, one niobium mine, one nickel mine, one gold mine and one phosphate
mine), was launched in order to determine the need to control the radioactive exposure of the
mine-workers. Our survey consisted of the collection and analysis of urine samples,
complemented by feces and air samples. The concentrations of uranium, thorium and
polonium were measured in these samples and compared to background data from family
members of the workers living in the same dwelling and from residents from the general
population of Rio de Janeiro. The results from the coal mines indicated that the inhalation of
radon progeny may be a source of occupational exposure. The workers from the nickel, gold
and phosphate mines that were visited do not require a program to control internal
radiological doses. The niobium mine results showed that in some areas of the industry
exposure to thorium and uranium might occur. ©0 2001 Elsevier Science Ltd. All rights
reserved.

Keywords. Enhanced natural radiation exposure; Mining workers internal exposure, Uranium; Thorium;
Polonium

I. Introduction

In the mining industry, workers may be exposed to enhanced natural radiation. In
some mines, thorium and uranium are the principal nuclides of concern in

*Corresponding author. Tel.: + 55-21-442-9623; fax; 55-21-442-1950.
E-miail address: joyce((-ird.gov.br (J .L. Lipsztein).

0265-931X/01/ - see front matter () 2001 Elsevier Science Ltd. All rights rserved.
P11: S026 5-93 1 X(00)00 74.0
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occupational radioprotection programs. In others the main problem is radon
exposure. A preliminary survey pilot program, that included six mines in Brazil, was
established in order to determine the need to control the radioactive exposure of the
mine-workers. The mines were chosen based on the association of thorium. and
uranium with the main mineral. They were part of a list selected by the department
of prime materials, responsible for control of minerals and prime material. The
industries that were chosen comprised a niobium mine, two coal mines, one gold
mine, a nickel mine and one phosphate mine. Brazil is responsible for 80% of the
world production of niobium and the mine that was visited is one of the three main
installations in Brazil for niobiurm production. The coal mines are known for their
radiological impact and one of the mines that was chosen is located near a
discontinued uranium mine. Gold production is substantial in Brazil and has been
increasing in the last decade. The levels of uranium and thorium in the gold mine
that was chosen are 9 and 12 ppm, respectively. The nickel mines, located in a town
economically dependent on the mine and named Niquelfindia, were selected due to
the toxicity of the element. The phosphate mineral from the mine that was chosen
occurs associated with titanium, niobium and rare earths and the thorium and
uranium levels are 55 and 27 ppm, respectively.

2. Materials and methods

The internal contamination of the professionals working in the mines was
evaluated through indirect monitoring methods, consisting of the analysis of the
concentrations of uranium, thorium and polonium in excreta samples and of
thorium. and uranium in air samples.

For the analysis of the concentration of uranium and thorium in excreta samples,
different analytical and detection methods were used, depending on the mine. When
the survey program started only alpha-spectrometry methods and fluorimetry were
available at our laboratory. The methods used for analysis of samples are described
in the literature (Azeredo, Melo, Dantas & Oliveira, 1991). The nickel mine was
visited after the acquisition of inductively coupled plasma-mass spectrometry (ICP-
MS) equipment and thus, samples from this mine as well as samples from one of the
coal mines and from the last visit to the niobium mine. were analyzed by this
technique. The lower limits of detection (Altshuler & Pasternack, 1963) for thorium
and uranium were around mBq per liter of urine and mBq per gram of fecal ash,
using our analytical separation technique followed by alpha-spectrometry, 5 itg per
liter of urine for uranium fluorimetry and 7.4 x 0 ppmn for thorium and
1.95 X 1lO1 ppm for uranium using the CP-MS technique.

The CP-MS technique for the analysis of urine samples only requires dilution. An
aliquot of ml of the 24 h urine sample is diluted 1 :20 by the addition of 19mn1 of
I N HNO 3, prepared using hyper-pure HNO 3 and deionized, doubly distilled water.
The feces samples required 24h calcinations, with temperatures that were slowly
raised to 400'C and further calcinations for 12 h at 600'C, before the dissolution of
0.01 g with 2mI of HNO3 on a hot plate.
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Polonium was measured in urine samples only for screening, as an indication of a
possible radon progeny exposure. The measuring method is described elsewhere
(Azeredo & Lipsztein, 1991).

Some workers used personal air samplers with cyclones, with cut-off diameter of
2.5 pm, during an 8 h working period. In some installations, a stacked filter unit, with
a flow rate of 17 mI/min and a six-stage cascade impactor with an operational flow
rate of 12 1/min were placed near the workers at the point of highest total dust
concentration and at 1.5 m from the ground and were used to identify the main
elements present in the dust, their concentrations and particle size distributions mass
medium aerodynamic diameter (MMAD). Nuclepore filters, 47 mm diameter, and
0.4 and 8.0 gm porosity were used in the stacked filter. The impacting surfaces
of the cascade impactor consisted of Mylar films. The particles collected through
the personal air samplers and through the stacked filter unit were analyzed
for uranium and thorium using alpha-spectrometry techniques. The elemental
composition of the mass impacted at each stage of the cascade impactor was
measured by particle induced X-ray emission (PIXE), using a 4.0 MV van de Graff
accelerator. The concentrations of thorium and uranium measured through the
cascade impactor were derived assuming that the thorium and uranium masses were
due to 212Th and 218U. The lower limits of detection (Altshuler & Pasternack, 1963)
in activity concentrations for 232Th,' 228Th,' 238U and 234U in samples collected using
personal air samplers were 0.9, 1.1, 0.8 and .9 mBq/m respectively; and for
samples collected by the stack filter unit were 0.7, 0.8, 0.6 and 0.7 mBq/m,
respectively. The minimum mass concentrations for thorium and uranium in samples
collected using the cascade impactor were 3.1 and 3.9 ng/m respectively. The
methodologies used in the analysis of all samples are described elsewhere (Dias da
Cunha, Lipsztein & Barros Leite, 1994; Dias da Cunha, Lipsztein, Fang & Barros
Leite, 1998).

Each mine was treated differently, with respect to the experimental design for
sample collection and comparison with background. As these mines are exempted
from radiological protection control, samples were collected on a voluntary basis,
following agreements with the managers of the mines. All collaboration was welcome
but the degree of collaboration varied from mine to mine. A sample comprising 68
people from Rio de Janeiro was used as a control for the uranium and thorium
excretion data. The average excretions of uranium and thorium in urine were
0.068 ± 0.028 and 0. 159 ± 0.051 pg /1, respectively. The average excretion rates of
212Th and 22 8Th in feces were 2.3± -1.5 and 14.3 ±6.8mBq/gash. The average
excretion rate of uranium was 0.25 ±0.2 pg/g ash. For the polonium excretion the
control group from Rio de Janeiro comprised 28 male individuals of the same age as
the mine-workers, 15 of them non-smokers. Average 210Po excretions of 9.9 ± 4.1
and 5.2 ± 2.2 mBq/d were found for smokers and non-smokers. respectively. In the
statistical treatment of data, analysis of variance and the Student's-t tests were used
for comparing the nickel and niobium mine data with the control, using a = 0.05
(Rosner, 1990). The non-parametric Kruskal-Wallis and Dunns' multiple conmpar-
ison statistical tests were applied (Hollander & Wolfe, 1973) to the coal mine data in
comparison with the control ( = 0.05).
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The evaluation of the risks from the contamination is accomplished through the
interpretation of the measurements in terms of intake and the assessment of dose
from the intake. The biokinetic models for thorium and uranium recommended in
publication 69 of the ICRP (1995) were used to calculate the daily urinary or fecal
excretion as a fraction of the intake and at specific times after intake. When
calculating the intakes incurred at work, a chronic 5 days-a-week inhalation
exposure, was assumed. When calculating the public exposure, a chronic constant
exposure through inhalation or ingestion was assumed. The air measurements were
used either to calculate standard man intakes or the MMAD, which were assumed to
be equal to the AMAD. The assessments of the effective doses from the intakes were
accomplished using the dose coefficients from the ICRP database of dose coefficients
for workers and members of the public (ICRP, 1999).

The polonium bioassay data were used with the sole purpose of indicating possible
radon or progeny exposure and the need for further investigations.

3. Results and discussion

3.1I. Coal inines

Two coal mines were visited. Coal mine is situated in the north of the state of
ParanA., located in the proximity of an old discontinued uranium mine. There are
three excavation sites. The first one, with an average depth of 138 m, has a vertical
access by elevator. The second one is reached by foot, through a slanted ramp, and
has an average depth of 41 m and will be referred in the text as site I. The last one
has a vertical access, 128 m average depth, and at the time of the visit was being
prepared to begin operation. Another vertical well is used to ventilate the other
mining areas. Fifteen people were working in the first excavation site, 80 people in
the second one and 250 preparing the third cave, when the visitation took place. The
workers take approximately h to reach the place of coal excavation, where they
work for 6 h. The temperature inside the mine is about 230 C. During the working
period there is a 1 5-mmn snack time, at the work-place. The workers were observed
smoking while working. They do not use respiratory protective masks.

The mineral ores are loaded into cable cars. At the vertical well they are manually
emptied into boxes, which are then taken to the surface by the elevator and
mechanically thrown into the silos. At the inclined ramp the cars are taken to the
surface and mechanically brought to the silos. Coal is transported to the processing
area in open trucks. At the processing area (open area) coal is crushed, washed and
classified by granulometry for sale.

Urine samples from 14 workers in the excavation and coal-processing jobs and two
from administrative personnel were collected. These samples were analyzed for
uranium and polonium concentrations. Feces samples from six workers in the
excavating job were analyzed for thorium and uranium contents. Thorium, and
polonium were analyzed by alpha-spectrometry and uranium by fluorimetry. All
employees had measurable polonium concentrations in urine but only one worker,
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from site 11, had uranium concentrations, in urine, above the detection limit. From the
feces results, only two results were significant, both for uranium and from two workers
from site HI. The worker that presented uranium in urine did not show concentrations
above detection limits in the feces, which is an unexpected result. The committed
effective doses associated with the hypothesis of chronic 5 days-a-week inhalation
exposure for the positive uranium bioassay results are of the order of 1lO3 SV.

The amounts of polonium excreted by personnel working at site 11 were
significantly higher than the quantity excreted by other employees, indicating a
possible radon exposure problem at this location, although it may most probably be
indicative of inhalable 2 10Pb rather than of radon itself or the shorter-lived progeny.
In Fig. 1 the concentrations of polonium in urine from workers of this coal mine are
compared to the background concentrations from smokers and non-smokers from
Rio de Janeiro. The amounts of polonium excreted at site HI were much higher than
the amounts excreted by all other groups, dispensing all considerations for
statistically confounding factors.

Four workers and four of our staff used personal air samplers. All thorium and
uranium results were below detection limits.

Coal Mine 11 is located in the state of Santa Catarina, also in the south of Brazil.
The mine is 150 m deep. Only the main excavation site was visited. The ores are
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collected and transported in bobcats with pneumatic propulsion. Ten excreta
samples, urine and feces, from employees were collected. Seven were from workers
doing tasks inside the main cave of the mine (two in the ore excavation, four in the
maintenance and preparation of the exploration sites and one in the transportation),
one from a worker at the crushing site and two from administrative personnel.
Samples from the wives of three workers were also collected. These samples were
analyzed for thorium and uranium contents, using the CP-MS technique. For
thorium, there were no significant differences amongst the different jobs or between
workers, their wives and the background samples taken in Rio de Janeiro. For
uranium, the concentrations excreted in the feces of the workers were similar to those
excreted by their wives and by the people living in Rio de Janeiro. The
concentrations of uranium in urine samples obtained in Rio de Janeiro were lower
than those in the workers, although there were no significant differences amongst the
different jobs or between workers and their wives, as presented in Fig. 2.

A cascade impactor was used to characterize the MMAD from the thorium and
uranium aerosols. Samples were analyzed using PIXE. Inside the mine and at the
crushing site the MMADs varied between 1.0 and 1.7 pm and the thorium and
uranium concentrations were about 0.05 and 0.22 ~.g/m respectively. Eight of the
workers from whom excreta samples were collected used personal air samplers, as
also the two other workers from the crushing jobs. Samples were analyzed for
thorium and uranium contents. Results were below detection limits for thorium.
Positive results for uranium were found. in ranges of 2.2-5.9 mBq/m' for 238U and
2.5-5.9 mBq/m3 for 2 3 4u.
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Fig. 2. Concentrations of uranium in urine samples from coal miners and their wives.
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The hypothesis of chronic continuous inhalation exposure was used in the
interpretation of the excreta results. A daily intake of uranium that varied from 0.20
to 0.58 Bq was calculated, for the workers and their wives. The committed effective
doses and the annual effective doses for uranium for coal mine workers and their
wives are of the order of p~Sv.

Urine samples from the workers were also analyzed for polonium concentrations.
These results are shown in Fig. , in comparison with coal mine I workers and Rio de
Janeiro background. The amounts excreted by the workers were in the same range as
those excreted by mine workers, with the exception of site HI.

3.2. Phosphate mine

The phosphate mine is located in the state of Goi~s, in the central part of Brazil, in
an area known for its elevated natural uranium and thorium occurence in the soil.
The ore is extracted in an open-pit mine and transported by trucks to the crushing
area. The ore is homogenized, crushed again and sent for separation, conditioning,
flotation, filtration and final drying processes. Waste is produced in the conditioning
and filtration steps. Four workers performing tasks in the extraction of the ore,
crushing, flotation and loading of the transportation train were asked to wear
personal air samplers. The same four workers, plus two administrative staff, were
asked to collect 24h feces and urine samples. The uranium concentrations were
measured using fluorimetry and results were below detection limits for all samples.
All workers, including the administrative staff, presented positive results for 228Th, in
the range of 33-175 mBq/g of ash, probably originating from food consumption.
Three workers from the crushing, flotation and final dispatch sections presented
measurable quantities of 232Th in their feces, in the range of 15-23 mBq/g of ash. The
associated effective doses are of the order of jiSv. The personal air sampler used by
one worker from the final dispatch process (loading of the transportation train) was
the only one to present measurable activities of thorium, but the committed effective
dose associated with this result is again of the order of pSy. In the thorium dose
calculations a chronic intake by inhalation, five days per week was assumed.

3.3. Nickel mine

The nickel mine is located in the north of the state of Goi~s, central-west region of
Brazil. A cascade impactor was used to characterize the air particles in the mine.
Aerosols containing thorium and uranium were not detected. The aerosol samples
were measured by PIXE, and uranium and thorium masses were below detection
limits (about 12 and l5 ng for thorium and uranium, respectively). Bioassay samples
from workers, as expected, did not show significant concentrations of the nuclides.
Urine and feces samples were analyzed by ICP-MS. The average uranium excretion
for 24 mining workers was O. 1O+±O.02 ig/1, and this result was shown to be not
significantly different from the background excretion rate for the nuclide in Rio de
Janeiro (p > 0.05). The average thorium excretions for the same workers,
0. 18 ± 0.04 pg/I, were also not significantly different from the background in Rio
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de Janeiro (p > 0.05). The average concentrations of thorium and uranium in the
feces of the workers were respectively 0.36 ± 0.23 and 0.33 ± 0.19 jig/g of ash, not
significantly different from the control group and from the values excreted by the 26
workers' wives (p > 0.05). Nickel was detected in significant amounts in air samples,
urine, feces and hair from the workers and their wives. The potential risks for the
workers were evaluated by Azeredo (1998). There are no additional risks from
radioactive exposure to uranium and thorium in this mine.

3.4. Gold mine

The gold mine that was visited by our staff is located in the northeastern region of
Brazil, in the state of Bahia. There are two extraction sites. The deepest part of the
first is situated at 655 m from the surface and is accessed by ramp. The deepest part
of the second one is located at 360 m from the surface. Air monitoring was
conducted using a cascade impactor and static air samplers, at 18 different places,
including the extraction sites and the crushing and milling locations. Workers from
these sites and from the waste barrage wore personal air samplers. All air monitoring
results for thorium and uranium were below detection limits. Seventeen urine
samples were collected over from workers spread in all sites of the mine, including
two samples from administrative personnel. The concentrations of thorium, uranium
and 210po were all below detection limits.

3.5. Niobium mine

The niobium mine, located in the south of the state of Goiis, is a major producer
of ferro-niobium alloy. The installation comprises an open-pit mine and a
metallurgical plant. The production process onsists of the mineral extraction,
crushing, leaching and concentration of niobium, followed by the aluminothermic
production of the Fe-Nb alloy, its further crushing, screening, packing and dispatch.
Our staff visited this mine several times (Dias da Cunha, Lipsztein & Barros Leite,
1998). The results reported in this work refer to the last visit, which took place in
1998.

A six-stage cascade impactor, placed near the workers at the point of highest total
dust concentration and at 1.5 m from the ground, was used to identify the main
elements present in the dust, their concentrations and particle size distributions
(MMAD). The main elements identified were Nb, Th, U, Pb and Zr. During the
aluminothermic process and Fe-Nb crushing, the Nb concentrations were the
highest and the MMAD was about 1.0 lim in both locations. Detectable amounts of
uranium were generated during the crushing of the mineral and in the
aluminothermic process. The MMAD varied from 1.1 to 2.2 gm. Thorium was
present at all stages of the process, with average concentrations less than 0.5 pig/in 3

and MMAD from 0.8 to 1.4 im.
A group of nine workers used personal air samplers with a cyclone, and collected

feces and urine samples. The wives of the workers were asked to collect feces and
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urine samples. The 2
3

2 Th and 22"Th activities in these samples were determined, as
well as the niobium and uranium concentrations.

Three workers had measurable thorium activities in the air filters. They were
involved in different mining activities, open-pit mine, mineral crushing and Fe-Nb
crushing. Their peers, engaged in the same jobs, did not show activities higher than
the detection limits. All workers presented measurable thorium concentrations in
feces. The results did not correlate with the personal air sample data. The 2 2 8 Th

activities in feces were much higher than the 2 3 2Th activities, in contrast with the air
samples, in which the two nuclides are in equilibrium. The 2 3 2 Th concentrations in
feces varied from 2.4 to 60 mBq/g ash and the 228Th varied from 10.3 to 131 mBq/
gash. The amounts of thorium present in the feces of the wives were lower than their
husbands, but again there was a lack of equilibrium between 2

1
2 Th and 2 2 8 Th. The

2
1

2 Th and 228Th concentrations in feces of these workers were measured in samples
collected before and after 30 days vacation, prior to their return to work. The
thorium content of feces samples after a prolonged absence period from work reflects
the occupational exposure from inhalation, since all ingested thorium at work would
have been excreted after 30 days. The samples taken at all other periods of the
working year characterize both the inhalation and the ingestion pathways of intake
during work (Azeredo, Juli~o, Santos, Melo, & Lipsztein. 1994; Julido, Azeredo.
Santos, Melo, Dantas, & Lipsztein, 1994; Dias da Cunha et al., 1998). After
vacation, the 2 3 2 Th concentrations in the feces of the workers varied from the
detection limit up to 11.7 mBq d- land the 228Th concentrations were in the range of
1.8-63.4mBqd-1. The 2 3 2 Th concentrations in feces samples from wives are in the
same range as the 2 3 2 Th concentrations in feces from the workers in samples
collected after their vacations. These results indicate that the thorium excreted in
feces is not a consequence of inhalation exposures during work. The amount of
thorium present in 21 urine samples from workers performing different jobs did not
differ from the amount present in the urine samples of a control group in Rio de
Janeiro. These results indicate that ingestion is the most important pathway of
thorium intake. For the workers, contaminated hands and mouth are important
vehicles for ingestion as well as inhalation of coarse particles. Since the lack of
radiological equilibrium was also observed in food consumed in the region, locally
produced foodstuffs are a substantial source of thorium intake. The workers'
committed effective doses for thorium, considering the ingestion pathway of intake,
are of the order of piSv.

The uranium concentrations in personal air samplers were only significant in the
aluminothermic process and in the crushing of the Fe-Nb alloy. The uranium
concentrations in urine samples from 19 workers engaged in different jobs were not
different from the control group in Rio dc Janeiro. The amounts of uranium excreted
in the feces of six workers were significantly higher than the average concentrations
excreted by the control group and by the group of wives, as visualized in Fig. 3.
Using the hypothesis of chronic continuous exposure through inhalation, the
workers committed effective doses for uranium are of the order of mSv. If the
exposures to uranium were from ingestion the committed effective doses would have
been much lower.
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Fig. 3. Concentrations of uranium in feces samples from niobium miners and their wives.

The average niobium concentrations in feces and urine samples from workers were
42.4+±39.6 and .34 ±0.45 g d-, respectively. The average niobium concentrations
in feces and urine samples from the control group were 3.4 ± 3.2 and
0.60±+0.45 gd-1, respectively. The amounts of Nb excreted by the workers are
significantly different from the control group (p > 0.05). The niobium concentration
in feces samples from workers suggests that the workers inhale coarse particles and
ingest mineral dust particles probably as they touch their mouths with dirty hands.
The niobium concentrations in urine samples indicate that there are systemic
incorporations of the element.

Although the committed effective doses for both uranium and thorium are low, an
annual monitoring program for evaluating workers' exposures is recommended.

4. Conclusions

The results of this preliminary survey program indicate that there might be a need
for a program to control radon (short- and long-lived progeny) exposure in the coal
mines and for a minimum internal monitoring program for uranium and thorium in
the niobium mine. In the nickel facility and in the gold mine that were visited, there
are no enhanced internal contaminations due to radioactive elements. In the
phosphate facility, the level of internal contamination does not ustify the
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implementation of radioprotection programs. Future studies should be carried out
to further evaluate the need to control in these industries.
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*Mineral Extraction & Processing.Phosphate fertiliser (U/Ra), abrasives, and refracto ndustries

*Ol& Gas Production.
B ~Ra & 210Pb.

*Metal Recycling.
b~ 26Ra in drill pipes.

*Thermal-Electric Production. . ....
'U, Ra &Th in coal fly ash.

*Water and Water Treatment Facilities.
o' Up to -800 ligIL uranium in well water.
> Rn in fish hatcheries.

*Tunnelling and Underground Workings.

* Air Crew subject to Canada Labour Code and
Aviation Occupational Safety Regulations.

* None of these regulations specifically deal with
radiation exposure.

* Dept of Human Resources Development
Canada (HRDC) administers Labour Code.

* HRDC has delegated enforcement (wr.t. air crew)
to Transport Canada.
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JIEGILLAIIDN
* NORM is not part of the nuclear fuel cycle.

NFC regulated by Canadian Nuclear Safety Commission.
Medical X-rays regulated by Provincial Governments.
Other X-rays regulated by Federal Government (Health Canada).

* NORM is a Provincial - Territorial issue.
For example, transporting NORM involves:.. ......
- Provincial - Territorial Health, Labour, and Radiation

Regulatory Agencies for worker and public exposureb 
- Provincial - Territorial Environment Regulatory

Agencies for disposal.
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* Persons exposed to NORM should be subject
to the same radiation exposure standards that
apply to persons exposed to NSC-re lat d
radioactive materials.

* Ensure adequate control
of NORM encountered by
affected industries.

* Harmonize standards.
* Reduce jurisdictional gaps or overlap.

8



* WORKER: 100 m- eriod with yearly
max of 50 mS avgana e20mSv)

(average ann
0, These limits are exclus entral backgro n nd medcal exposur
0, For the balanceoa n pregnancy, the eaci s to an occupa on Ily exposed worker must

be limited to 4 mSv as pated in the'Rd it eton Regulatlo a . anadian Nuclear Safety
Act. This liitmydfr frc m correspondi specified in c r vincial legislation
applicable fer exposure surces of ra

01 For occupationally expos wokra50 mSv in on ar is allowed, provided that
the total effective dose of 0= ,,a is maintains Tis translates into an
average limit of 20 MSv.
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*Scale
b. Radium (226/228). Median: 17.8 kBq/kg, 75th percentile: 99.9 kBq/kg
•Pb-210. Median: 13.3 kBq.kg, 75th percentile: 74.9 k~lk

*Sludge ....
•Radium (2261228). Median: 2.8 kBqlkg
Pb-210. Median: 2.1 kBq.kg

* External fields (on contact) .....
> Oil production equipment: 20 to 2,450 nGy/h

- 1250 to 409 days to reach 1 mSv
Gas processing equipment: 20 to 760 nGy/h....
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LOR~asifa~nibWE a

* Investigation Threshold
> incremental dose of 0.3 mSvla

* Dose Management
Threshold
assessed incremental dose greater ~~ 
than mSv/a

* Radiation Protection
Management Threshold
assessed or measured incremental -*~...*-. '

dose of 5 mSv/a or greater -'%k-

INITIAL DVIIlA

* If a workplace:
P. falls in one of the NORM-prone industries
>stores, handles or disposes of materials containing amounts of natural
radioactive substances in excess of amounts for diffuse or discrete
NORM
has suspected incremental effective dose rates in excess of 0.3 mSvla

* Then, a dose assessment should be carried
out.
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CLASSI~~~~~~~~~~~~~~~~~~~lGAT±QN~~~~~~~~~~~~.........
*Unrestricted:

public < 0.3 mSvla
worker < 1.0 mSva..

~.No further action is needed to control doses or materials.

*NORM Management:
public > 0.3 mSv/a; worker < 1.0 mSva
Introduction of incidentally exposed worker access restrictions.
Introduction of shipping and/or material management.
Changes in work practices.

1 3

*Dose Management
Worker > 1.0 mSvla
Worker notification of radiation sources.
Consideration of work procedures and protective clothing to limit
worker dose from NORM.
Application of engineering controls where appropriate.
Training to control and reduce worker dose.
Introduction of a worker radiation dose estimate program. Doses may
be estimated from the dose rate in each working area and the time
spent in each area or by personal monitoring.
Reporting of worker doses to the National Dose Registry (NDR)

14



SRadiation Protection Management - 1
Worker > 5.0 mSv/a
Estimated annual effective dose to an occupationally exposed worker is
greater than 5 mSv/a
- Introduce a formal radiation protection program. This program is similar to the formal

program required by the CNSC for nuclear energy workers exceeding 5 mSv/a.
- Place those workers estimated to exceed 5 mSvla in a personal radiation dosimetry

program meeting the requirements of S-i 06, Technical and Quality Assurance
Standards for Dosimetry Services in Canada.

- Provide protective equipment, clothing and work procedures to reduce worker dose
and the spread of contamination.

15

*Radiation Protection Management - 2
Worker > 5.0 mSvla
Measured annual effective dose reported by personal radiation
dosimetry program is greater than 5 mSv/a
- Use engineering controls and provide protective equipment designed to reduce worker

dose as required.
- Ensure that workers do not exceed the five-year average occupational dose limit of 20

rnSva.

16
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background

* Gamma Radiation Dose IA

Rate
Investigation Threshold -0. 15 ptSvlh 
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Dose Management Threshold - M~
0.5 pSv~h ( 1.0 mSvla) -4. ...,
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*Occupationally Exposed Workers
employees who are exposed to NORM sources of radiation through
their regular duties. They are classified as NORM Workers working in
an occupational exposure environment, and their average annual
effective dose must not exceed 20 mSv.

*Incidentally Exposed Workers
employees whose regular duties do not include
exposure to NORM sources of radiation. They
are considered as members of the public who
work in an occupational exposure environment 4~.. 
and, as such, the annual effective dose limit
for these workers is mSv. -

19

*Inhalation can deliver most of the dose n some NORM work
environments. Where annual intakes exceed 1120 of the AU,
engineering control of the source of airborne radioactive material
is the preferred management method.

*If intakes exceed 25% of the ALl . ....
(equivalent to 5 mSvla) after YR..
engineering controls are applied,
a respiratory protection program
and/or limiting worker access should
be considered as part of the radiation
protection program.

20



* Unrestricted Classification
e.The Guidelines recommend that NORM may be released with no
radiological restrictions when the associated dose is no more than 0.3
mSv in a year.

* Diffuse NORM .

olarge in volume
m. low radioactive concentration

uniformly dispersed throughout the material
*Discrete NORM .....

small in size .....
exceed the concentration criteria for a diffuse source

* Surface Cotmination.

2]

NORM E~~~~de wed ReleaseL 
RADIONUCLIDE AUEOU SOLID AIR

(BgIL) (Bqi kg) (BIf?)
1Uranium- 28 Series 1 300 0.003

* Thonum.232 Series1 10 00 0.002

Thoriurm-230 1 10.000 0.006

Thoaiu-20 1 300 0.003

Potsonium-10 na 

Radium 2285 300 0.22



• Assumptions
>All radionuclides and compartments in equilibrium
Typical values for uptake and transfer factors
No allowance for hold-up time

> 25% t occupancy" factor for solid source (groundshine, soil ingestion,
resuspension), 25% 'occupancy' factor for air, and 50% of vegetable
intake grown on soil
No correction for shielding, surface roughness

* Aqueous Release limits.
D. ~lOx Guidelines for Canadian Drinking Water Quality.
Subsequent dilution of the release is assumed. Refer to the
Provincial Drinking Water Standard where planned diffuse .....
NORM releases must meet provincial drinking
water standards.

23

NORM RADIONUICLIDE Unconditional Derived Release Lirmltte)
(Ba)

Uranium Ore 1,000
(in equilibrium with all progeny)
Uranium-238 (partitioned) 10,000
(in equilibrium with thorium-234 and protactinium-
234)
Thorium-230 10,000
(no progeny)
Radium-226 10,000
(in equilibrium with its progeny)
Lead-215 10,000
(in equilbnium with bismuth-210 and polonium-210)
Thornum-232 1,000
(in equilibrium with all progeny)
Radlumf-225 100,000--
(in euilibrium with actinium-228)
Thorium-228 10,000
(in equilibrium with its short-lived progeny) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Potassiurn-45 1,000,000
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*NORM Shipments Subjett heCnda

Guidelines 
_urn
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Radioactive Material -NORM.- pcae naMne htefdvl

-Ensure 
that the CO sMcnt akatiendin a manr thath efetively

prevents release of any NORMs coflabels on durhn transport.hc

-Do not afi radioactive, PlacarsolaesOltetnpftvhceronhexeir
surfaces of the packagin
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*Guidelines are purely
voluntary.

*Industry is paying some
S ~attention to the problem as

/ / ,. some workers are concerned.
~~ 7:w. ~ Alberta is the only Province

~~ .,, ~planning to legislate.

27



XA0300669

Health Effects Following Long-term Exposure to Thorium Dusts. A

Fourteen-year Follow-up study, in China

Chen Xing an, Cheng Young e, Zhen Rong

Laboratory of Industrial Hygiene, Ministry of Public Health.
P.O.Box 8018, Beijing, 100088, China

INTRODUCTION
A fourteen-year follow-up study was carried out at Baiyan Obo Rare-earth

Iron Mine in China. It has been operating for forty one years. Its ore contains not only
iron, rare-earth elements and silica dioxide but also thorium. Thorium is present at
0.04%. Since 1982, we have been investigating the relationship between thorium lung
burden and health effects on miners of this mine. The purpose of our investigation is
to answer the following questions. How much inhaled thorium is deposited in the
lungs of miners after long-term exposure? Does it exceed the maximum permissible
lung burden of thorium? What are the health effects? Does it cause excess lung cancer?
Does it affect lung function? Is improvement of working conditions necessary?

The total number of miners and staff members at this mine is 755 8 (in the year
of 1994). Among them, 2903 were dust-inhaled miners, 4655 were dust-free miners
and staffs. In order to get more information on the carcinogenic effects of inhaled
thorium and the difference between SiO, and ThO2 in inducing fibrosis of lung tissue.
A two-year-experiment on 680 Wister rats were carried out in parallel during the
period of 1989-1991.

Therefore in this paper two parts of information are included. One is
epidemiological study and medical examinations, another one is in vivo study.

METHODS
The method used to measure exhaled thoron activity was developed in 1982

from that used at he Argonne National Laboratory in the USA(1,2). It is based on
electrostatic collection on to a negatively charged Mylar disc of the daughter 212Pb,
85-88% of which is positively charged. The exhaled thoron activity is expressed as
the activity of freely emanating ... Ra (the parent of 2 R1n) that would support the 2'Rn
concentration measured at the subject's mouth. A conversion factor of 3.7 Bq
emanating ... Ra equivalent activity at the mouth to 37 Bq of 232Th was used to
estimate the thorium lung burden (3). The true amount of thorium will tend to be
higher because there may not have been time for equilibrium-befvw7een thorium and
'1 Bi to be established, because intermediate members of the decay chain, particularly
228Ra and ... Ra, may have left thorium in the lungs, and because of exhalation of '~Rn.
In our situation, an underestimate by a factor of 2 was suggested. Due to the different
conditions between Bayan Obo Mine and that of ANL, the total counting time was
shortened from 30 h to 200 min, while the negative voltage on the electrode was
raised from 5.8 kV to 9.0 kV This resulted in an increase in the total efficiency from
50% to 70%. The counter background is extremely low (6 counts.d-'). The overall
uncertainty is strongly dependent on the value of the emanating ... Ra and ranges fom



± 0.013 to ±0.07 Bq as the emanating `Ra and ranges from 0.037 Bq to 3.70 Bq
(Tabl1e 1)

Item Value
Counter background (counts.min-') 0.003
Minimum detection limit of thoron outside the body (BaJ 0.007
(zero activity ±3 a )
Lower limit for the detection of thorium contamination in 0.068
the miners' ungs (Bq) (Ra at the mouth)
Overall uncertainty depends on the value of the emanating 0.037-3.7
`Ra at the mouth (Bq) (±0.013-0.070)

Median variance coefficient ()± 17

Table 1. The basic performance of the electrostatic system.

In order to evaluate the general distribution of exposure to natural thorium, a
total of 130 exposed miners of the Bayan Obo mine were chosen from six dust-
generating workshops by stratified random sampling. Their individual exhaled thoron
activity and thorium lung burden estimate was determined using our electrostatic
system in 1983.

A total of 1301 measurements of exhaled thoron activity were carried out on
781 individuals during the period 1983-1994. Of these, 1158 measurements were
carried out on 638 thonium miners, 143 measurements were carried out on 143
unexposed workers (controls).

In the period 1984-94,1158 medical examinations were carried out on 638
dust-inhaling miners. A register of questionnaires on respiratory symptoms, a
complete physical examination, lung function tests, x-ray radiography, were included
in each medical examination. Ceruloplasmin tests were carried out in some of the
examinees. An epidemiological study on the mortality rates of lung cancers of the
dust inhaling miners and internal controls was also carried out during this period.

In vivo, cumulative dose in inducing lung cancer by thorium dioxide and the
determination of concentration of ceruloplasmin in rat serum were carried out on 680
Wister male rats in a two-year-study.

RESULTS
Thorium lung burden estimates of the exposed miners and of the controls

The 130 exposed miners in 1983 were classified into eight g-roups according to
the emanating 2̀ Ra equivalent activity at the mouth, 122 (93.8%)of them were less
than 0. 11 Bq (Table 2).

The average value of thorium lung burden estimates for 11 58 measurements of
638 exposed miners was 1.60 Bq, while the average value of thorium lung burden
estimates of 143 controls was 0.30 Bq. Of the 638 exposed miners in 1983-1994,585
(91.7%) of them had a thorium lung burden less than 2.22 Eq (1 investigation level,
see CRP Publication 10(4)). The highest value was a thorium lung burden of 11.-1 1
Bq, which is one tenth of the permissible thorium lung recommended by CRP
Publication iQOA (5) (Table 3).
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Emanating `4Ra at mouth (Bg) No of subjects
0.52-0.55 
0.22-0.26 I
0.19-0.22 1
0.15-0.18 I
0.11-0.14 4

-- ~~~~0.074-0.11 16

0.037-0.074 49
<0.037 57

Table 2. Results of measurements of exhaled thoron daughters (130 subjects)
expressed as the equivalent amount of freely emanating 2̀ Ra at the mouth.

Thorium lung burden estimates (Bg) No of subjects
11.11 1
8.89-11.07 5
6.67-8.85 2
4.44-6.63 2
2.22*-4.41 4 3
<2.19 585
*1 investigation level=2.22, Bq

Table 3.Summary of thoriurn lung burden estimates on miners (638 subjects).

Initial estimation of excess lung cancer incidence among miners exposed to
thorium dusts and thoron daughters.

To simplify calculation, it was assumed that the natural thorium lung burden
estimated from the exhaled thoron activity was present from the beginning of each
miner's service. Thus the estimated number of excess lung cancers is probably an
overestimate. As the risk of lung cancer in man due to inhalation of thorium dust and
thoron daughters has not hitherto been reported, a risk range of lung cancer due to
inhalation of radon and its short-lived daughters was taken from BEIR IV (6). It is
interesting to note that the excess of lung cancers due to the inhaled thoron daughters
is higher than that from the inhaled thorium (Table 4).

Period Thorium Inhalationof - Total increase
Inhalation thoron daughters* (number of

(number of cases) (number of cases) cases)
1958-9.1983 0.02-0.12 0.10-0.54 0.12-0.66
1983-9.1993 0.01-0.08 0.06-0.35 0.07-0.43
1958-9.1993 0.047-0.20 0.16-0.89 0.20-1.09
1968-1988 0.03-0.11 0.09-0.50 0.11-0.61

*The air concentrations of thoron short-lived daughters in the crushing division are in
the range 4.2 X 10-6.77 X I 4MeV/L, the average is 1.08 X 104Mev/L, higher than that
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of radon short lived daughters by a factor of about 1 0.
Table 4. Estimated excess lung cancers due to inhaled thorium dusts and thoron
daughters in 2072 miners.

Estimated thorium lung burdens and relationship to radiography
It is interesting to note that there seems to be a probable threshold of inhaled

thorium and dusts for inducing stage 0' pneumloconiosis (only fibrosis but no nodules
apparent on the X ray film, a stage between stage 0, normal, and stage 1,
pneumoconiosis).

The so-called probable threshold is the lowest value of thorium and dust lung
burden of the miners suffering from pneumoconiosis stage 04 (Table 5).

Workshop Miners Cases Thorium Probable Threshold
(Bq) Dust(mg) Year

Crushing 31 8 1.52 940* 1984
Crushing 94 26 1.30 803 1987
Mining 86 4 1.26 780 1988
Crushing 64 12 1.22 756 1994

*This number comies from: mg natural thorium=4.037 Bq; 1.52 Bq thorium=0.377mg.

Thorium, 0.377mgX2500(the percentage of thorium in the dusts is 0.04%)=94 129
mg of dusts (-94 mg).
Table 5. Probable threshold of thorium-containing dusts lung burden inducing
pneumoconiosis stage O'

Comparison of lung function disorders between dust-inhaled miners and controls
Lung fnction tests using a Discom-21 spirometer (Chest Corporation, Japan).

were carried out on 67 dust-inhaled miners and 69. controls from the same mine in
1990. The backgrounds for the two groups were comparable. A comparison of the
miners with the controls was as follows: average age (47.15:47.42 years), average
working history (25.34:26.01 years), average smoking history (25.15:25.53 years),
average cigarettes per day (16.80:19.07). While the differences in lung function
disorders between them were very significant (Table6), it shows that lung fnction
disorders were due to long-term inhalation of thorium-containing dusts.

Group Number of Cases T1
persons Obstructive Restrictive Mixed

Dust-inhaled
miners ~ 7 18 8 7 3

Controls 69 0 0 0 0

Table6. Incidence of lung function disorders.

Relationship betwveen thorium lng burden and sertum certiloplasmin of mining
workers
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Serum ceruloplasmin is a biochemical index reflecting the fibrogenic process
in human lung tissue. Our results showed that ceruloplasmin is one of the most
sensitive indices for reflecting the fibrogenic process due to inhaled thorium-
containing rare-earth dusts and short-lived thoron daughters (Tables 7 and 8).

Job Thorium lung Number of Ceruloplasmin ( p P
burden (Bg) cases mlE') (X±SE)

Mining <0.74 72 11.74±0.39 <0.001
Workers 0.78-1.11 11 1144±0. 74 <0.001

1.15-1.67 8 10.58±1. 21 <0.001
Controls 0.10-0.66 8 5.53 ±0. 34

*Compared with controls
Table 7 Relationship between thorium lung burden and serum ceruloplasmin.

Job Number of cases Ceruloplasmin( P, mlE') p
(X±+ SE)

Mining 6 5 11.10± 0.38
Workers <0.0 1

Controls 8 5.38 ±0. 32

Table 8 Comparison of' serum ceruloplasmin in mining workers and controls
both having, normal lung function.

Smoking habits
Information on smoking habits is essential in the analysis and interpretation of

studies dealing with cancer mortality, lung function, as well as respiratory symptoms.
In order to compare smoking habits, 79 demolition miners and 79 dust-free miners
with a similar age and working history were randomly selected. It can be seen from

table 9 that the percentage of current smokers is similar between two groups, all being
quite high.

Smoking habits Dust-inhaled group Dust-free group
Cases Percentage Cases Percentage

Non-smoking 16 20.25 18 22.78
Smoking
Slight' . 12 15.19 9 - 11.39
Medi Umb 24 30.38 6 7.60
Serious' 27 34.18 46 58.23
Total 79 100.00 79 100.00

1 10 cigarettes/day. b10 -2 0 cigarettes/day. C~,20 cigarettes/day.
Table9 Comparison of smoking habits in dust-inhaled miners and dust-free
miners.



Lung cancer mortality among dust-inhaled miners and dust-free miners
An epidemiology study on lung cancer mortality of both the dust-inhaled

miners and dust-free miners and staffs was carried out in 1994.The main results were
listed in Table 10.

Group Expected Observed SMR 95% Limits
Miners 3.301 17 5.15 3.36-7.89
Controls 3.480 8 2.30 1.17-4.51

Table 10 Standard mortality ratios (SMR) of lung cancers (1977-1993)

Table 10 showed that both the SMRs of the dust-inhaled miners and the dust-
free miners were all greater than 1. The SMIR of the miners was much higher than that
of the controls. Even there was no statistic significant difference between these two
SMRs (X~-3.75 P>0.05).

The total parson-years of the dust-inhaled miners and the controls was at a
value of 42090 and 26953 respectively.

Comparison between the SMfiR of lung cancers of dust-inhaled miners during
the period of 1977-1990 (Table 10)(7) to the SMIR of lung cancers of dust-inhaled
miners during the period of 1977-1993 showed us that the mortality of lung cancer
increased much more faster in these three years 1991-1993 (8 cases in 3 years) than
that of the thirteen years before 1990. (9 cases in 13 years).

Group Expected Observed SMIR 95% Limits
Observed 2.15 9 4.18 1.92-7.93
Controls 2.12 4 1.89 0.51-4.83

Table 11 Standard mortality rate (SMR) of lung cancers (1977-1990)

Owing to the thorium lung burden estimates of the dust-inhaled miners were
not so high (the highest one only 1 1. 11 Bq), it was difficult to draw a conclusion that
the high SIRs of the lung cancer mortalities of the dust-inhaled miners was solely
due t the long-term inhaled thorium. Authors believed that the possible
epidemiological practical threshold for inhaled thorium to induce the occupational
lung cancer must be much higher than 11.11 Bq. Because the maximum permissible
thorium lung burden recommended by ICR.P Publication 10 A was at a value of
1 11.ll Bq. It might be the result of the combined effects of inhalecd thorium, inhaled
short-lived thoron and radon daughters and the inhaled fumes from tobacco smoking.

Health protection measures and results
The authors advised this mine to apply the following protection measures. ()

Devices for ventilation and prevention of dust should be improved. (2) Instructions
for use of individual protection appliances should be promoted. (3) Participation in
popular sports should be encouraged. It was observed that in this mine the amount of
thorium, deposited in the lungs of workers who habitually run was generally low. (4)
Job rotation is suggested for those having an estimated thorium lung burden higher
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than 4.44Bq.
These measures achieved positive results. The average air concentrations of

thorium dust in the main workshops and the average thorium lung burden estimates of
the thorium dust-inhaling miners decreased by a factor of 20 and 3 respectively
between 1983 and 1991.

Owing to the probable underestimation of thorium lung burden, all the values
of thorium lung burden estimates in this paper could be doubled.
Cumulative radiation dose in inducing lung cancer by intratracheally
administration thorium dioxide and its histopathological characteristics (8).

680 Wister male rats (weight 200-250 grams) were involved in this two-year-
study. Th-dusts of different specific radioactivity (different amounts of thorium
dioxide were added to the dust.) were adminstered into 480 rats intratracheally. The
amount of Th-dust once administered was 50mg in I m] saline (table 12).

Group Type of Containent Cumulative dose (Gy) Number of Rats
0 Controls(blank) 200
1 Saline 80
2 Th-dust 3.74 X 1' 80
3 Th-dust+1%ThO 2 1. 01 X 10.2 80
4 Th-dust+6%ThO 2 8. 05 X 10-2 80
5 Th-dust+ 18%ThO 2 1. 49 X 10` 80
6 18 mng ThO, 3. 50 X 1' 80

Table 12 Cumulative absorbed dose (in 24 months) to the rat lung of different groups

20% of the rats of each of the seven groups were killed at of 6 months, 12
months, 18 months and 24 months after administration. All the lungs and pulmonary
lymph nodes were weighted and observed macroscopically and microscopically
(using binocular microscope and electron microscope). The results are shown in Table
13.

12 months 18 months 24 months
Group rats Gases % rats cases % rats cases 

0 (blank) 9 1 11.1 9 1 11.1 12 2 16.7
I (saline) 10 1 10.0 9 .3 33.3 13 2 15.4
2 (Th-dust) II1 0 0.0 9 1 11.1 12 3 25.0
3(.+%TO) 9 0 0.0 8 1 12.5 *6 0 0
4(.-%TO) 9 0 0.0 10 2 20.0 1 8 4 22.2
5 (--18%ThOD 10 1 10.0 1 1 1 9.1 9 5 55.6
6 (8mg, ThQ, 1 0 3 30.0 1 0 2 20.0 1 4 9 64.4**
Total 88 6 8.8 66 1 1 16.8 84 25 29.8

** Compared with group 0, P<O.05; Compared with group 1, P<0.01.
Table 13. Lung tumnor prevalence % at different durations after administration

Table 13 shows that the lung cancer prevalence increased with the duration of
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experiment. The highest rat lung tumnor prevalence appeared in group 6 at the duration
of 24 months and only this lung tumor prevalence (64.4%) was significantly different
from the one of group 0 (1 6.7%), and group 1 (1 5.4%) at the same duration. The total
number of lung tumors was 2, among them 39 were cancers. 7 types of rat lung
tumors were observed in this study. They were adenocarcinoma (9), squamous cell
carcinoma (2), lymphomna (22), squamous adenocarcinoma (2), undifferential lung
cancer (4), fibroma (2) and adenoma (1).
Effects of thorium dioxide and thorium containing rare-earth iron dusts on
ceruloplasmin concentration in rat serum.

Ceruloplasmin is a sensitive biochemical index that reflects the fibrogenic
process of lung tissue. At 6 months, 12 months, 18 months and 24 months after
intratracheal administration with Th-dusts of different specific activity. 10 rats from
each group were randomly selected and killed. Venous blood of each rat was collected
and srum ceruloplasmin concentration was measured.. Results are shown in Table 14.

Table 14, indicates the interesting fact, that the fibrogenie ability of 18mg
ThO2 (group 6) is almost equivalent to that of 50mg thorium containing rare-earth
iron dusts (group 2).

Group - 6 months 12 months 18 months 24 months
Group n Meani±SD n mnean ±SD n mean ±SD n mean ±SD

O (blank 10 '7.1±0. 9 10 13.9±3. 6 10 17.0±4. 9 17 19.3 ±5. 4
1 (saline) 10 7.0± 1. 5 10 14.4±2. 3 11 19.7+ 5. 6 18 18.5 ±3. 5
2 (Th-dust) 1 0 10.2 ±1. 5* 10 20.8 ±7. 9* 9 18.1+5. 1 13 19.1±3. 6
3 ..+10%ThQ~) 1 0 10.8±3. 2* 10 19.0±5. 0* 8 17.0± 2. 9 6 18.3± 4.5-
4 (..+8%ThOiC 10 10.6±1. &" 10 15.8±2. 3 10 16.1±3. 6 1 7 22.0±2. 0
5 (..+180/oTIO) 1 0 9.7±3. 6* 1 0 16.3±2. 6 10 15.8±4. 1 9 18.1±4. 7
6 (18rg ThW 1 0 10.6±2. &1* 1 0 18.2 ±3. 6* 1 0 22.4±7. 9 1 4 18.8±3. 8

*P<0.05 **P<0.01 (compared with group 0)

Table 14. Ceruloplasmin concentration in rat srum of different groups with
different durations after administration ( g/ml)

CONCLUSION
The results of a fourteen-year follow-up study in Baiyan Obo Rare-earth Iron

Mine showed that the highest thorium lung burden for 1158 measurements of 638
miners was at a value of 1 1. 11Bq, one tenth of the maximum thorium lung burden. In
a ten-year investigation on the four haematological parameters and four hepatic
parameters of 638 exposed miners, no adverse effects were observed. The incidence
of severe breathlessness, lung function tests, pneumnoconiosis of stage 0' and the
concentration of ceruloplasmin in the srum of high thorium lung burden group are
much higher than that of low thorium lung burden group. However, owing to the
concentration of SiO,(10%) are much higher than that of the ThO2 (0.04%) in the dust,
the disorders of respiratory tract are mainly due to the fibrogenic effects of SO,.
Epidemiology study showed that both the SIRs of the dust-inhaled miners and the
dust-free miners are all greater than one (5. 15 vs. 2.30). The SNIvR of the dust miners
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was much higher than that of the controls. However, there was no statistic significant
difference between these two SMRs (X 2=3.75 P>0.05). This means that the high SMR
of the dust-inhaled miners was not solely due to the long-term inhaled thoriumn and
short-lived thoron daughters. Because of very high percentage of smokers (-80%)
among both the dust-inhaled miners and dust-free miners, cigarette smoking might be
one of the important factors in inducing the high SMRs of lung cencers.

As a conclusion, whenever the individual thorium lung burden of the miners
not higher than 11.11lBq. no adverse health effects could be detected due to the
inhaled thorium. Based on the results from animal experiment, authors suggested that
the possible practical threshold for thorium lung burden to induce the lung cancer
might be higher than 1 1.1 1Bq.
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LONG-TEM ONITORING OF TIIORIUN1 INHALED
BY WORKERS AND) ASSESSMENT OF THORIUM
LUNG BURDEN IN CHINA
Chen Xingan and Chengi Yoit!g-e
Laboiatorv olt Industrial Hlygienc. Ministry of Hlealth
l'O Box 8(118. Beijing. 1000'88. Chinia

Albstract --The loti-terni iiontiorin. of thorium inhaled by workers and assessment of their thorium lun blen a n
car-ied out in Chinai since 196(1. Varilyti~ monitorin. methods have becn adopted, such as chemical analysis of thorium concen-
tration in uine'snps assessing thorium lung hurden by measurement of 2`~Ph etc. using a whole-body counter: measuremnent
nt eslhcled thorccn usin a LnS detector: or exhaled thoron decay products using an electrostatic collection ystem. Our experience
aver mocre Ihait 20 yeats has shown lliat the last named nteasurement system is the best methed for monitoring and assessing
,he lunig burden or thorium (hO.) inhaled by mliners and workers.

!NTPOD)UCTION librium between thorium and I2 Bi to be stablished,
because intermediate members of the decay chain, parti-

The ong-teitn nbonitoring of thorium inhaled by cularly "8 Ra and 224Ra. may have left toumin the
workrs mainy mners an ascssmnt f thir ho- lungs. and because of exhalation of 2 "Rn. In our situ-

riumn lung. butrden has been carried out in China since ation, an underestimate by a factor of 2 was suggested.
1960. Various monitoring methods have been adopted, Du otedfeetcniitsbten L-9nO

suc ascheica anlyss o thriu Cocenraton ll Mine and that of ANIL. the total counting time was
urine samples: assessment of torium lung burden using sotndfo 0ht 0 m hl h eaievh
a whlole-body3 counter (1974), measurement of exhaled
thoron attvity using a ZnS (Jetector (1979): or exhaled age on the electrode was raised from 5.8kV to 9.0 kV.

thorn dcay rodcts isig a eletrotati sytem This resulted in an increase in the otal efficiency from
thorn dcay rodcts tsig a eletrotati sytem 50% to 70%. The counter background is extremely low.

1983). TFite best method is the electrostatic ystem. Its (6cut~'.Teoealucetiyistrnl
detection sn..itivity is higher than that of the ZnS detec- dependent on) heva ofal thermaintying strondl
tor by a factor of 20`'. raepne t onO) t va .07 of the emnating Ran

The results are reportcd of asscssiog the thorium lung cotn ranges from 0.0 3 Bq to 3.700 Bq (T e abein I).R

budi fmtesi aa b rnadRr-at In order to evaluate the general distribution of
Coexistancc Mine in 1983-199A. This inine has been tn exposure to natural thorium, a total of 130 exposed
operation for 39 ears%. Its rc contains not only iron, miners of the Bayan Obo mine were chosen from six
rar? earth elements and silica dioxide but also thorium, dust-generating workshops by stratified ranrdom

ilie percenagc of thorum is 0.04.sampling. Thleir individual exhaled thoron activity and
In i994. the total number of miners and staff nein- thorium lung burden estimate was determined using, our

hers of this mne was 7558 (5476 males and 2082 electrostatic system 93 
femnalesj, of themn 2903 2390 males.. 513 fetrales) were A total 13 19aurmns83.xae too
potentially exposed to thorium, activity were carried out on 781 individuals during the

period 1983-1994. Of these, 1158 measurements were

METHODSTal1.Tebscproaneoteelcrtaisye.

The mnehod used to measure exhaled thoroin activity Tbe1 h ai efrac fteeetottcssen
was developed in 1982 from that ud it the Argonne ltenm Value
National Laboratory i the U SK ". It is based on elee- _______________________________ -

trostatic collection on to a niegatively charged Mlylar
drisc of the datiglter ?`Pb. 85-88% of which is s-Counter background (ounts.min -') 0 00

tivly hamed fie xhledthoonactviy i epeste Minimum detection limit of horon outside 0.07
tisel chared. he exaledthoro actiit i exprssed the ody (Bq) (zero activity ± 3tr)

as the activity of freely ealnating 22 a (teprn oe ii o hedictno hru .6
of -2Rni that would support thie "0Rn concentration cntmniination i the miiners' lungs Bq)
meastired at the subject's mouth. A conversion factor of (1'R at te mouth)
3.? Bcl emianating ""R-, equivalent activity at the mouth Overall uncertainty dependr o the alue 0.037-3.7
to 37 Bq oft 2 '2tTh wxas usedt to esximate the toriuni lung, of te earating `.Ra at the ocouth (q.t ((t.9lS3-0.070)
burden'. Thie true amnount f thioriumri will tend t e Median varianre coetficieni ()±17
imitier heciate thiere ny not liave b-cen time for cui---____
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carried out on 638 thiorium miners. 143 nseasurements ronl activity was present from the bcgilning o Ceh
were carried out on 143 unexposcd wkorkers (controls). niiner's serxice. Thus te estimated number of, xcess

Jung cancers is probably an overestimaic. As thce risk of'
RES ULTS ~~~~~~~~~~~lung cancer i man duc to inhalation of' thorium dustRESULTS ~~~~~~~~~~and thoron daughters has not hitherto been reported. a

Thorium lung burden estimates of the exposed risk range of lung cancer due to inhalation of radon and
miners and of' the eontrol~~~~~~~~~ its short-lived daughtcrs was tkcn from WiIR IV"7X htminers and or the controls ~is interesting to note that the excess of lung cancers due

The 130 exposed miners in 983 were classified into to the inhlaled thoron daughters is higher than that from
eight groups according to the emanating 22"Ra equival- the inhaled thorium (Table 4).
ent activity at the mouth. 12 (93.8'k) of them were less
than 0. 11 Bq (Table 2 . Estimated thorium lung burdens and relationship

The average value of thorium lung burden estimates t aigah
for 1158 measurements of 638 exposed miners was t aigah
1.60 Bq, while the average value of thorium lung burden It is interesting to note that there seems, to be a prob-

estimates of 143 controls was 0.30 Bq. Of the 638 able threshold of inhaled thorium and dusts for inducing
exposed miners in 1983-1994. 585 (91.7%) of them had stage O' pneumoconiosis (only fibrosis but no nodules
a thorium lung burden less than 2.22 Bq ( investigation apparent on the X ray film, a stage between stage 0.
level, see ICRP Publication 0'"). The highest value normal, and stage I. pneumoikConiosis).
was a thorium lung burden of 1 1. 11 Bq. which is one The. so-called probable threshold is the owiest Xvalue
tenth of the permissible thorium lung recommended by of thorium and dust lunig htrden of the miners suffering
ICRP Publication IO0A` (Table 3). from pneumnoconiosis stage 0' (Table 51.

Initial estimation of excess lung cancer incidence Tal4.EtmedxcsRuganrsueoihld
among mnrexoetotoimdssadthorium dusts and toron daughters in 2072 miners.
tlioron daughters

To simplify calculation, it was assumed that the natu- perio)d Thorium Inhalation o Total increase
rat thorium una. burden estimated from the exhaled tho- inhatation thoron dauIier.,:: (number of

Table 2. Results of measurements of exhaled thoron tncrfneers)a~s Css
daughters (130 subjects) expressed as the equivalent

amount of freely emanating 224Ra at the mouth. 198993 00202 01005 0.206

1983-9.1993 0.01-0.08 0.06-0.35 0.07-0.43
Emanating 224Ra at miouth Bq.) No of subjects 1958-9.1993 0.047-0.20 0.16-0.89 0.20-1.09

1968-1988 0.03-0.11 0.09-0.50 0.11-0.61
0.52 - 0.55 
(3.22 - 0.26 I *Tb air concentrations f thoron short-lived dughters in he
0.19 -0.22 crushing division are in the range 4.2 x 02 -6.77 x
0.15 -0.18 I l(Y Mc.r'. the average is 1.08 X 0' McV.1`. higher than
0.11 - 0.14 4 that of radon sbont ived daughters h a factor of a o.
0.074 -0.11 16
0.037 - 0.074 .49
<0________037_________57____ Table . Probable threshold of thorium-containing dusts

lung burden inducing pneumoconiosis stage 0'.

Table 3. Summary of thorium lung burden estimates on
miners (638 subjects). MWork.liop Mliners Cases, Thoriumi Probable thireshlold

(Bq)
Thiorium lung burden No of subjects D~us tg Year
es.tinmatcs (Bqt

CrushIinbg 3 1 8 1.52 940k 198-4
11.11 1 (rsig 94 20 1.30 8(03 1987
8.89 - 11.07 5 Minling 86 .1 1.26 780 t988
6.67 - 885 2 Crijshing 64 12. 1.22 756, 1994i
4.44 - 6.63 
2.22 - 4.41 43 ~ Tliis utmbei ol's fom: I ng nitural li,,9itiii 4.0)37 Bq1:

<2. 19 I ~~~~~~~~~~9 .52 Bq( thor inn 0.377 tog,-. Thorium. (3377 i.- 25(4the

IRkrtcitilgc 1 tOw]ilil ill tile d i.t 0,0t4,- I I .29( iug of
I iosestigako cl~ 2.22 11q dusts 94(3Mg



,¶1(,.IJOAI\(; AND SSL.SSAIENT of oRIVAI lVUNG BURPIEN

Estimated thorium lung burdens and relationship of the 638 exposed iiners had a thorium IJung urden
to haematologic and hepatic parameters e~,timate higher than 1 1. 11 Bq'.

In a ten-xyeai inves-tigaiitin on the four lhaeuiatolog-ical
parameter, healbn whit, blood cells. neulrophils Follo'i-up study (1983-19901 of the clearance of
and Iv.mplioc\vtes and four hepatic parameters (thymol thorium dioxide from the lung of a miner having a
turbidity est. lutamic pruvic trawsaminase. hmol high thorium lung burden
flocculation test and alkalinc phosphatase) of 638 Sne18.aflo-psuyhsbe are u

exp,;e mier. n aders-efecs wrc bsrve. Nne using the exhaled thoron product measurement system
T~l 6.Clerane o Th, fomthelun ora mnerbefre to observe the clearance of thoriumn dioxide from the
Tabe . Ceaanc o Th 2 romth lug f amier efre lungs of a miner before and after leaving work

and fter leaving m4ork. (Table 6). The results showed there were two phases of
clearance for thorium dioxide from the luing. Of the

Dare Toriumtun~ brden srima~ (Bq) initial lung burden 44%7 cleared with a half-time of
1 12 d and 56% with a half-time of 6995.5 y (STD error:

19/9/I 983 . 5072349.0 Y 9'. The longer half-time as attributed to the
13/511984 4.78 dusts in this miner's lung being surrounded by fibrotic
15(7/1984 4.4t3 tissueS. Only thoron a., but not dusts, could move
150101984 L~ea\ ing. work --ith dust
271I 0/1984 3.13 away from the sites of deposition. In 1985, this subject
31110/i984 3.56 suffered from pneumoconiosis, stage . (From his X ray
31110119841 3.99 film, an increase of vein, and grains, on the pulmonary
23/611985 2.88 area was found. Scattered mall nodules appeared on
t0/1(l/t985 2.11 the middle and lower lobes of the luing.)
15/10/I 985 1.78
25110/i985 1.55
23/411986 2.41 CONCLUSION

28/4/1986 2.34 Experience over 20 years has shown that measure-
9/8/1987 1.98 mero of exhaled thoron products is the best method for
141811987 1.75 monitoring and assessing the lung burden of thorium
211811988 1.85 (ThO,) inhaled hby miners and w,,orkers.This, is parti-
13/811990 2.31 cularl useful for those workers having thoriumn lung
30/811990 2.16 burden, lower than the detection limit for thorium. using

a whole-bodly cotnter.
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Identification of
workplaces

Control of radon UNDERGROUND MINES
Regular monitoring since 1972

in Specific regulations and

Finnish workplaces action levels since 1975

Today..

Mika Markkanen .10 operating mines
STUK - Radiation and Nuclear Safety Authority *About 250 underground workers ~sMean concentration 260 Bq/M3

FINLAND (weighted by number of workers)
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STUK OSTUK

Provisions on natural radiation in Finland Provisions on natural radiation in Finland

Radiation Act RADIATION ACT, Section 45
(in force since 1992): Teepoe

-is required to investigate the radiation exposure

Radiation Dractices comprise: ~~~~~~~~~~if it is found, or
Radiation practices comprise: -~~~~ if there is reason to suspect
• use of radiation ~~~~~~~~~~~that the work involve radiation to such an extent that it

• operations and circumstances in which might cause a health hazard.
a person's exposure to natural radiation
causes or may cause a health hazard. 

A TV K. 5A lI ELYTUV N KE 5 . TA S5A NE NN ESC.E NI LE MRAD A T ND N.C L EA . N h Y AU TA0R ITY SU N SATIE I U R V. NE SKUS. TR A 5A K E R H C EN RUL. IAt f , .N . H N UCLEA R AF ETY . vUTRRITY



fO'STUK 51T U K

Action levels for occupational exposures to Poiin nntrlrdaini iln

natural radiation Radiation Act. Section 70
STUK shall isep general instru ctions on how to attain the

Radiation Decree (amendment 1143/98): level of safety defined in the Act.

* Radon in workplaces 400 B~q/m 3 ST-Guide 12. 1: Radiation Safety in Practices Involving

authorisation for STUK to issue action levels for Exposures to Natural Radiation

workplaces with lower occupancy ST-Guide 12.2: Radioactivity of Construction Materials,

• Occupational exposure to other sources of Fuel Peat and Peat Ash

natural radiation (excuding radon): 1 m~vlaST-Guide 12.3: Radioactivity of Drinking Waterj

STA.SAE.LTURAKEKUSSTRLSAEAHTSCNTRLESA*OA O NUCLEAR S.fETI AUTHONITY STKSTIVUVXS...RALSA.ERHETSCENTR.LENRADIATIOM AND NUCLEAR SAFETY AUTHOR.TV



fO.STUK f"STUK

Guide ST-12.1 issued by STUK Identification of workplaces

Above ground workplaces in radon prone areas
PROVINCEOF UM AA

Action levels for Radon n dwellings

radon in workplaces: Bxi m15k

Annual workin-g hours 2io-oo

Regular (1600 hours) 400 Bq/mn403 5

< 600 hours 1000 Bq/m 3

< 300 hours 2000 Bq/m 3

< 100 hours 6000 Bq/m3 I1 v

.T.R.SATELYTUARVA. RS KUS. S TRA L.A.E..UET IGE TRA LE NRAC'A TO AND NUC LEA R S.FE T A U TH RTY RTUM.SATE ILYTU RV. EKR A. ITNA LAUK ERHE T C EN RALES. R AIA TION ANnD NU CLEAR RAFETYV AUTHO RITV



EISTUK O~STUK

Regulatory control of radon in workplaces Guide ST 12.1 ff~ t~ T-O ie 1

ST Guide 12.1: ~~~~~~~~~~~~Municipalities in
ST Guide 12.11: ~~~~~~~~~~which the radon

concentration in
At identified radon prone areas there is reason to workplaces shall
suspect that radon in workplaces might cause a be measured
health hazard".

=> Radon measurements in workplaces compulsory
(unless it is evident that high radon concentrations can not
occur, e.g. In an office on higher floors of a building)

ETU ..SATEItyTURV..ES.U$.STRALA K E HErTS.ETRLEN.tAoI.TIO. AND N-CEAR &.F E TAOT.OITV STUX..SATIE L'VTU V. K ES KV.5TR ALEA ER ET S.E HTA.I N..A I.T1ONANO N UCLEA R 3 F TV*UT..NI



C~STUK CSTUK

Regulatory control of radon in workplaces Regulatory control of radon in workplaces

Radon campaign started in 1992: Starting from municipalities where highest concentrations
expected:

Information on the employers obligation to
measure radon: A letter is sent to employers
*Articles In newspapers and journals *Information leaflet on radon in workplaces
*a TV campaign *Fill-in reply form to be returned to STUK indicating:

* radon measurement results, or
=> Did not work out:, very few radon * justification for not measuring radon
measurements were done

Up to now about 1 0000 employers contacted,
=> A more direct approach had to be adopted about 1000 is contacted annually

STU. 5AT aLIVTRAXEs USSTAL A .R M CE.TR.LEN..ADATIO NAND NU.LEAR A EV AUTHORITY I UR.ATII LIT U IV1aXRSO05S.ITOA L AXKSM1111DOENTRA LN.RAIATIO AN O NICL A SAPSETV A gTRORITYV
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MONITORING OIFRADON rVariationofindoorradonconcentration IMonitoring of radon in workplaces

Continuous monitoring -9R 22 Finnish trategy for above ground workplaces:

Integrating measurement
m ~~~~~~~~~~~~~~~~2 month integrating measurement during winter

< 400 Bq/m3 No need for further action
400 - 500 Bq/m3 Complementary measurement In summer, or

an assessment of diurnal variations
>500 Bq1m3 An assessment of diurnal variations, or

remedial actions
>2000 Bq~m Remedial actions

Remedial action is required where measurements show that the
Action Level (400 BqIrn3) is exceeded

STUASATILVURVXESUSSRALAXEHETCENRALH.ROIAIONAND NUCLEAD SAFETY AUT.U.OAITY ST...SATEILVTUSV..ESK.S.STRALSAKERHETSCENTNALEN.RAI.TION AND NUCLEAR SAFETY AUTHORIT1



f'STUK CTUK
Subfloor depressurisation Applying the System of Protection of Workers

Only if remedial action is technically or
economically unfeasiblel
* Monitoring and recording of exposures
.Classification of areas

* *~~~~~~~~~~~~~~ Special instructions for work
poistokamawa ~~~~~~~~~~(e.g. Use of respiratory protective equipment)

* Dose limits (in regular work 20 mSv =3000 Bq. M-3)

AT .TE1TR__BU.IRIAM 
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Regulatory control of radon in workplaces ]Regulatory control of radon in workplaces

Results of the radon programme IRadon remedies:

*About 10000 radon measurements in workplaces * Radon remedies in 200 workplaces
*Injunctions issued to about 900 workplaces to
make further assessments on the workers * Average reduction in radon concentration: 1500 Bqlm3

exposure or to take remedial action
*In about 600 workplaces further assessment has * Average averted dose of a worker: 10 mSv per year
shown that the action level is not exceeded

*Remedial action taken in about 200 workplaces Suofaeedcuptnlds:5Sveryr
I~ ~~.Smo vre cuptoa oe vprya
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Lessons learned (112) Lessons learned (212)

Remedial action and further investigations require
•Only about 70% of enterprises reply to written sometimes surprisingly long time:

requests to investigate exposures to radon (35% to 1 - Small delay In remedial action: the whole process might be
request + another 35% to 2. request) delayed with one year (verifying measurements only during

• Registers of enterprises (addresses) are not always winter)
complete and up to date: coverage about 70480% ()* On-site visits might eliminate unnecessary delays

=> "Distance monitoring" covers only 50 - 70 % of => Co-operation with occupational safety and heath
enterprises authorities established in 2000

* occupational safety inspectors are being trained to identify
workplaces where radon measurements might be needed

.radon is included in inspectors' "checklist" as a matter to beJ
considered in all inspections at different workplaces

AT.UK. AIt I L VTV RV. K ESK...SIRA A.ER.ET S C E. IR. H P A N 0C S SAEVU ORIT V SU.TILT V*E U.TAL KRITCOT*9.AAONANDIIUCLE A 1E SAUYACTUIH TY
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Provisions on natural radiation in Finland Provisions on natural radiation in Finland
ST-Guide 12.3: Radioactivity of Drinking Water

ST-Guide 2.2: Radioactivity of Construction Materials. investigation level based on the annual dose of 0.5 m&v for water intended for
Fuel Peat and Peat Ash human consumption (applied to water works, not to private wells):

Investigation level for building materials (based on the annual dose of 1 mSv): c. + + c .

c20 C,+ _ C__. Bq 1 Bq II1 300 Bq II1
30 I~ kg 30BIkgwhere CD, C, and CF, are the total alpha, total beta and radon concentrations,

20 q 1 k 30q k 00q~k expressed in Bq/l

G,, Cp. and CK are activity concentrations in the material, expressed in Bqlkg If 1, the waler can be used for human consumption without restrictions.
If > 1, the responsible party is required to show (nuclide specific analysis) that the

If 11 1 the material can be used without restrictions. annual dose caused by the use of the water is less than 0.5 mSv/a.
If l > 1, the responsible party is required to show specifically that the annual dose 
caused by the use of the material is less than 1 mSvla. A binding order to take remedial action is issued when measurements show that the

A annual dose caused by the use of the water is likely to exceed 0.5 mSv/a.I
STUK. GATE LYIU.f-KES..S. STRA IS AKER.ET S CENT R LR..AI~O AD N MC LE.R SAFE TV A THO RTV S TVK.SATE IL YTURV.AE S KUS. STR A LAKER ET S CENT RA LEMR.0OATI C AND MUACL E.RSAIE TV AUTHO RI TV
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M. Markkanen, M. Annanmdki and E. Oksanen

Radon in workplaces

OPM.M...~ Regular monitoring of occupational exposures to natural
The EU Member States have to implement the new Basic radiation started in Finland in the early 1970's with radon
Safety Standards Directive (BSS) by May 2000 The Tale VII measurements in underground mines and excavations. First
of the Directive applies in particular to radon in workplaces. regulations for controlling radon in underground mines were
The Member States are required to identify workplaces which issued in 1975. The monitoring of aboveground workplaces
may be of concern, to set up appropriate means for monitor- commenced in a larger scale in 1992 when the new Finnish
ing radon exposures in the identified workplaces an£4 as Radiation Act 31 ook effect. The Radiation Act covers all
necessary, to apply all or part of the system of radiological work activities involving significant occupational and public
protection for practices or interventions. The BSS provisions exposures to natural radiation in accordance with the princi-
on natural radiation are based on the CRP 1990 recommen- ples set in the 1990 ICRP Recommendations 41. The Act
dations. These recommendations were considered in the Finn- and other provisions issued by the virtue of it cover the activ-
ishi radiation legislation already in 1992, which resulted in ities falling under the scope of Title VII of the new BSS
establishing controls on radon in all types of workplaces. In Directive.
this paper issues are discussed on the practical implementation The purpose of this paper is to discuss some practical
of the BSS concerning occupational exposures to radon issues on the implementation of the BSS Directive concern-
basing on the Finnish experiences in monitoring radon in ing occupational exposures to radon based on the Finnish
workplaces during the past seven years. experience in monitoring radon in workplaces.

Radon an Arbeitsplatzen. Die EU Mitgliedsstaaten musen 2 The BSS Directive and radon
die neue Grundnorm im Strahlenschutz bis Mai 2000 iple-
mentieren. Kapitel VII dieser Direktive ist der Radonproble- The provisions on work activities involving exposures to nat-
matik an Arbeitsplatzen gewidmet. Die Mitgliedslainder sind ural radiation sources are given in Title V1I of the Directive
aufgerufen betroffiene Arbeitsplatze zu identifizieren und, comprising Articles 40-42. The Articles 40 and 41 establish a
soweit nig, Strahlenschutzmaj6nahmen fr Anwendungen stepwise system in which the Member States are required
oder Interventionen zu ergreifen. Die Vorschriften der Grund- * to identify, by means of surveys or by any other appropri-
norm im Bereich der natuirlichen Radioaktivitiit basieren auf ate means, work activities which may be of concern,
den Empfehlungen der Internationalen Strahlenschutzkoni- * to set up appropriate means for monitoring exposure in
mission (CRP) von 1990. Diese Empfehlungen wurden in the identified work activities and, as necessary.
der finnischen Strahlenschutzgesetzgebung bereits 1992 be- * to apply all or part of the system of radiological protec-
ruicksichtigt und eine entsprechende Oberwachung der Radon- tion for practices or interventions, as prescribed elsewhere
exposition an Arbeitsplatzen eingefoihrt. In der vorlegenden in the Directive.
Arbeit werden Probleme der praktischen Implementierung der The directive applies in particular to work activities where
Grundnorm in bezug af berufsbedingte Radonexpositionen workers are exposed to radon progeny The directive does
auf der Grundlage der finnischen Erfahrungen bei der Uber- not apply to exposure to radon in dwellings or to natural
wachung von Radon an A rbeitsplatzen in den eten 7 Jalhren levels of radiation, i. e. to radionuclides contained in the
diskutiert. human body, to cosmic radiation prevailing at round level

.~~.. .... . ... ,... or to above ground exposure to radionuclides present in the
undisturbed earth's crust.

1 Introduction
2.1 Radon in underground miines

The new Basic Safety Standards Directive (BSS) [ covers
work activities which involve the presence of natural radia- The significance of radon as a source of radiation exposure
tion sources. The EU Member States are requested to iden- was realised in the 1950's when it was discovered that expo-
tify by means of surveys or by any other appropriate means sures to radon (specifically to its decay products) could
work activities which lead to significant exposure of' workers explain the excess in lung cancer detected among miners.
or members of the public. Corrective measures to reducc The extensive mining and processing, of uranium for military
exposures and a system of radiological protection have to be purposes during those days made radon a current issue lead-
applied to occupational and public exposures where appro- ing to research work on radon dosimetry and to the develop-
priate. The Member States have to implement the directive ment of methods for monitoring radon and its decay prod-
by May 2000. ucts. The first results indicating a significant excess of lung

The European Commission together with the Group of cancer among the uranium miners were obtained in the
Experts referred to in the Article 31 of the Euratom Treaty 1960's in the United States. High concentrations of radon
has provided technical guidance and recommendations on exist also in non-uranium mines, in various under ground
the implementation f the directive's Title V on natural excavation works and other underground workplaces. Today.
radiation sources [2J. As radon in workplaces is the most the epidemiological studies on uranium and non-uranium
important source of occupational exposure to natural radia- miners form the main source of information for estimating
tion, the main emphasis of the guidance is on radon. the risk (the dose) caused by exposures to radon 51.
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In Finland, one of the first radon measurements in work- most EU Member States have considered the Commission's
places were made in 1972 in the underground excavation of Recommendation on radon in dwellings issued in 1990 which
the Helsinki Metro line. Concentrations between 4000 and introduces a design level of 200 Bq/M3 for future construc-
7000 Bq/M3 were measured, which gave a clear indication tions and a reference level of 400 B3q/m 3 for consideration of
that the workers might receive significant doses. Since the remedial action in existing buildings [7].
regular traffic began in 1982, the concentrations have been When the issue of radon in dwellings was well recognised
monitored regularly in the Metro line. The annual average in the 1980's, less attention was paid to radon in ordinary
concentrations have been about 500 Bq/m3, at the maximum, aboveground workplaces. In many countries, the existence of
in workplaces of no public admittance, and below 200 Bq/m3 high radon concentrations could certainly be expected on the
in the remaining areas [6]. basis of the results obtained in dwellings but the above-

In the 1970's there were about 20 underground mines in ground workplaces were mostly neglected in radon surveys
Finand and the number of miners in them was about 1300. and in other radon research. It was generally thought that
At that time radon concentrations were less than 400 Bq/M3 the exposures are not significant - compared to those
in about 50 % of all the measured places of work in the received in dwellings - because of the smaller occupancy fac-
mines. Concentration exceeded 2000 BqIrr3 in about 20 % of tor (2000 h at work and 7000 h in home). Nevertheless, con-
the measurements. The highest detected concentration in a sidering all the efforts put on the protection of exposed
working area was about 37000 Bq/M3. Even higher concentra- workers (within practices), it seems strange how little atten-
tions were detected in some poorly ventilated unused areas tion was paid in 1980's, and even still in the 19 90's, on the
of the mines. From those days the radon concentrations in fact that in many countries a large number of workers were
mines have decreased significantly. Many of the large, poorly likely receiving occupational exposures exceeding the dose
ventilated old mines have now been closed. It has been tech- limits for exposed workers.
nica.ly somewhat easier to arrange appropriate ventilation in One drawback of neglecting aboveground workplaces in
the new, rather smaller mines operating today. A good gen- radon surveys is that the epidemiological studies now being
eral ventilation is also required by the use of diesel powered done on the health effects of radon in dwellings are inter-
machinery. In addition, remedial action has been taken wher- fered by radon exposures received in workplaces. It will be
ever regular control measurements have shown concentra- difficult to correct this source of error in the studies in a
tions exceeding the action level, representative way. It has been preliminarily estimated that

Today there are 10 operating underground mines in Fin- the exposure caused by radon in workplace to the employed
land with about 230 underground workers. All underground population in Finland is on the average about 20-30% of
mines are regularly inspected for radon, generally every sec- that at homes. Shared to the whole population the exposure
ond year. The mean radon concentration is about 250 Bq/M3 in workplaces generates about 10 % of the total radon expo-
(weighted by the number of workers in each mine). he sure 81. Perhaps something similar can be expected also for
average radon concentration exceeds the action level of other countries, but it should be noticed that such estimates
400 Bq/M3 set for radon in workplaces in one mine at the are always country-dependent as factors affecting the esti-
moment. The concentrations in this particular mine are of mates include e. g. statistics on working hours and occupancy
the order of 1000-2000 Bq/m 3 and temporally concentrations at home, as wells as, estimates on the regional ratios of con-
up to about 7000 Bq/M3 have been detected in some working centrations in workplaces and in homes.
areas. The reduction of radon concentration is technically
difficult, if not almost impossible, because the radon origi- 3 Identification of affected workplaces
nates from radon-rich bedrock-water entering the cavities in
large amounts. All below ground workplaces have a potential for high radon

concentration. It is very unlikely that surveys or other
2.2 Radon in aboveground workplaces research could provide sufficient means to categorise under-

ground workplaces to those where measurements are needed
The alpha track detector was adopted for radon measure- and to others where they are not. Therefore. all underground
ments in the late 1970's. The method, being cheap and that workplaces which are used for working on continuous basis
the detector could be sent by post to the place of measure- should be tested for radon. These include e. g. mines, under-
ment, enabled the conduction of large surveys on indoor ground excavations, underground installations, show caves
radon. Extensive surveys on radon in dwellings were made in and tourist mines. An other somewhat clear category of
the 1980's in many countries and they showed that very high workplaces where high indoor radon concentrations are
radon concentrations exist also in homes. The national aver- likely to exist are facilities utilising large amounts of ground
age radon concentrations in dwellings in different countries or bedrock water. These include e. g. water treatment plants,
vary from some 20 up to slightly above 100 Bcq/m 3. A charac- baths and perhaps also some industries.
teristic for indoor radon is its variability. the concentrations Earlier surveys on radon in dwellings provide a starting
in some dwellings are more than an order of magnitude point for identifying areas where high radon concentrations
above the average. In addition, regional variations within in aboveground workplaces might exist. Defining radon
one country are significant. prone areas might be a useful tool for targeting monitoring.

It has been recognised that high radon concentrations The ICRP suggests that radon prone areas might be those
detected in aboveground buildings are in most cases caused parts of the country where at least % of dwellings have
by a radon flux from soil. Especially important is the convec- radon levels more than ten times the national average as
tive flux enforced by the pressure difference caused by heat- determined by appropriate statistical sampling [51. The tech-
ing and mechanical ventilation. The highest concentrations nical guidance on the implementation of the BSS points out
are often related to very permeable soils (eskers and other that also alternative approaches could e considered to
gravel formations). fragmented rock or to uranium-hearing define a manageable number-- [21.
soils or bedrock. Many countries have issued recommenda- In Finland, countrywide surve'.s on radon in dwellings
tions and action levels for radon in dwellings. In this respect, have been conducted since thie arliv 1980's. These results are
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Table 1. The percentage of radon measurement results exceeding 400
BqIM-3 and 800 Bq/M 3 in Finnish municipalities where earlier surveys Country New workplaces Existing workplaces
had shown that more than 25 % of radon concentrations measured in Advisory Enforced Advisory Enforced
dwellings exceeded 400 Bq~m (Category ), data from reference 81 level level level level

Municipality Percentage (%) Percentage (%) Austria 200 - 400-
exceeding exceeding
400 Bq/M3 800 BqWm Denmark - 400 - 400

Work- Single Work- Single Finland - 400 - 400
places family places family Greece 200 -400 

houses houses _____

Ireland 200 - 200 -

Hollola 34 41 16 19 ~Sweden - 200 - 400
Lahti 12 36 4 20 ______

LempiSlA 14 28 3 6 UK -400-40

Loviisa 23 27 7 8
Nastola 19 37 8 18 It might be useful to establish separate action levels for
Tampere 6 27 2 16 workplaces where the occupancy is low. In such working
Other Catergory areas it might be sufficient to monitor and control access tothe area in stead of remedial action. One possibility is to
municipalities 18 34 7 13 define the action level in the form of radon exposure (radon
All Caterory I concentration multiplied with the annual occupancy time).
municipalities 13 33 5 is For example an action level of 8. 105 13qhlm 3 would allow

the average concentration of 400 Bq/m3 in regular work
(2000 h/a) but a significantly higher concentration in work-
places with low occupancy. The disadvantage of this

now being used for targeting monitoring of radon in work- approach is that unambiguous interpretation of the action
places. Table shows percentages of radon measurement level is difficult in cases where the occupancy may vary from
results exceeding 4001Bq/M3 .and 800Bcl/M3 in workplaces year to year, e. g. 800 hours in one year and 1500 hours dur-
and single-farmily houses in some radon prone areas in Fin- ing the next year. In order to avoid such problems, the occu-
land. In most municipalities or cities, the results are quite parlcy factor should be considered only in cases where the
alike, but the cities of Tampere and Lahti show significant occupancy is exceptionally low. In Finland, the action level
discrepancies in the concentrations between workplaces and of 4.00 Bq/M3 is adjusted for low occupancy in the following
dwellings. The reason for this is the significant variability in way:
the local geology and the divergent displacement of work-
places and homes within the city area. There are more homes Estimated annual working hours Action level
than workplaces on the eskers (ridge of gravel) and vice Regular work 400 Bq/m 3

versa on the clayey flats (former lake bed). The ICRP` sug- Less than 600 hours 1000 Bq/mr3

gest that same boundaries should be used for radon prone Less than 300 hours 2000 Bq/rn3

areas for workplaces and dwellings [5]. The results indicate, Less than 100 hours 6000 Bq/m3

however, that radon prone areas for workplaces and dwell-
ings do not always coincide. 5 Radon measurements and further action

4 Action levels Radon concentrations in workplaces vary within time In
most workplaces diurnal and seasonal variations are

A radon action level is a concentration of radon gas above detected. Usually the action level for radon is defined as an
which action is taken. The ICRIP recommends [5] that the annual average radon concentration during working hours.
action level for workplaces should be set by the national In principle, this could be measured by wearing a dosemeter
authorities within the range of 500-1500 Bq in-'. The corre- on the clothing during working hours and for the whole year.
sponding range of annual effective dose is 3-10 rnSv. The If passive devices are used (e. g. alpha track detectors). the
IAEA recommends 91 that the action level for remedial dosemneter should be stored in a radon free place outside the
measures at workplaces should be set at 1000 Bq/M3. The gui- working hours. It is obvious that more simple procedures
dance provided by the Article 31 Group of Experts recoin- need to be adopted for screening purposes, i. e. for checking
mend that within the European Union, the action level for whether there is a factual possibility that the action level
workplaces should be set in the range from 500 to might be exceeded.
1000 Bqlm-3, basing on the criterion that it would be desir- T1he radon concentrations in aboveground workplaces are
able for the action level not to exceed the dose level at which usually slightly higher during winter than during summer. Il
special actions are required to protect workers involved in addition, usually the concentrations during working hours
practices - i.ec.. the criterion for classifying category A work- are lower than those averaged over a longer period of time
ers (21. It was recognised. however, that the national authori- [111. If the result of a long term measurement during winter
ties could also select an action level below the specified does not exceed the value of the action level, it is very un-
range if they judge that this is desirable and will not lead to likely that the action level would be exceeded. The measure-
an impractical radon programme. ment should last at least a few months in order to average

Several countries have set action levels for radon in work- out short-term variations in radon levels. An alpha track
places. Akerblom [1111 has collected the following data from measurement during winter is thus ideal for screening pur-
the EU Member States. The levels are expressed in radon poses. If the measurement result is less than the action level.
concentration. Bq/rn no further actions are likely to be needed.
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Further measurements and evaluations are needed if the In multi-storey buildings high radon concentrations are
long term measurement during winter indicate a concentra- usually related only to the floor laying directly against the
tion exceeding the action level. If the concentration is soil. Radon concentrations on the upper floors are usually
exceeded only slightly then the next step would be to check such low that radon measurements are not necessary.

* with a complementary measurement during summer whether
* the annual variation is such that the annual average does not 6 Remedial action

exceed the ation level. Alternatively an assessment can be
made on the diurnal variations with continuously recording There are various methods for reducing radon concentrations
electronic equipment with the aim of checking whether the, in a building. The most common principles are:
concentrations during working hours are significantly lower *To increase the ventilation rate. This method is suitable if
than the long term average. This can occur especially where the ventilation is discovered poor also on the basis of
mechanical ventilation is operated during the working hours some other criteria (poor indoor air quality in general).

* only. Increasing the ventilation further from what would other-
Long term measurements, such as the alpha track meas- wise be considered appropriate will increase heating and

urements, can very seldom be used in underground mines or cooling costs. Increasing the ventilation might also
* excavation works due to their special working environment decrease the pressure of the building and thus increase
* involving moisture, dirt, dust and darkness. There are rare the radon input.
* places where the detector could be placed for a long time. a To reduce the pressure differential between the building

Under these circumstances grab samples and short-term and the soil by adding new fresh air vents or by adjusting
measurements might be the only possibility. Their represen- the ventilation system.
tativeness can be increased by performing various measure- * To reduce the pressure differential between the building

* menits in different working areas and within time. and the soil by soil depressurisation. This can be achieved
If the measurements show that the radon concentration is by using a fan to withdraw air from the soil under the

above the action level and occupancy is not very low then floor.
remedial action to reduce the radon level should be taken. If a To ventilate the crawl space (where such exist) under-
remedial measures are successful in reducing radon concen- neath the floor.
trations below the action level then no further action is * To reduce the concentration of radon progeny by filtra-
needed other than re-testing if substantial changes are made tion.
in the construction or use of the building. Where the reduced Choosing an appropriate method for reducing radon concen-
radon level relies on active measures, such as a fan, then its tration is affected by the construction and the nature of the
efficient operation needs to be checked occasionally f2J. source, especially the characteristics of the underlying soil. A

In most cases radon concentrations can be reduced suc- site specific assessment made by a specialist is often needed
cessfully and in a cost effective way. In some rare cases it for finding an optimum solution.
might occur that remedial action is technically impossible or The primary option for reducing exposure caused by radon
its costs would rise unreasonably high compared to the progeny should be the reduction of the radon concentration.
averted dose. An example of such a case might be the under- However, the exposure can also be decreased by using
ground mine mentioned above where high radon concentra- respiratory protective equipment. In workplaces where radon
tions are caused by radon-rich bedrock water entering irre- concentration is relatively high. but the annual working
sistibly into the mine. In such cases the BSS Directive hours are rather low, the use of respiratory protective equip-
implies that the principles of protection of workers should be ment could be justified instead of remedial action.
applied, as appropriate. These would include recording of The degree of protection against radon progeny depends
doses, health surveillance of workers and the classification of on the type of respiratory protective equipment used. Some
areas, as appropriate. It should be noted that even in this results on the filtering efficiency of various types of equip-
case the dose limit for exposed worker (BSS: 100 mSY aver- ment are given in Table 2. Simple disposable equipment
aged over 5 years) should not be exceeded. reduce the concentrations o radon decay products in inhaled

Table 2. Filtering efficiency for radon progeny of some respiratory protective equipment (data from reference 1121/i te actual degree of protec-
tion is usually significant/v lower because of some unfiltered air is inhaled through leaks between the protective equipment and the face, especially,
in the case of simple disposable equipment

Product Clssfication' Type Number of tests Filtering efficiency2

1 ~~~PI disposable 7 80/ ..33%

2 PI disposable 7 90% ..95 %

4 PI disposable S930/..99%

4 P12 disposable 3 98%

5 P2 half mask and a cartridge filter 10 95% ... >99%

6 P3 Full mask and a cartridge filter 13 >99%

7 P3 Filter and a fan integrated into a helmet *'>99%

1Classification:
PI: protection against mineral dust. particulates exceeding I [rn
P2: protection against dust and fumes, particulates exceeding 0.3 Aim
P3: protection against dust, radioactive compounds. bacteria and viruses: used with a full mask covering the fce

2 Filtering efficiency = 100 % (A2-AI)IA2. where A, is the total alpha energy concentration in air and A: s the corresponding. but filtered con-
centration
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air by 8-99 %, depending on the type of filter material used. should be considered as occupational exposure. The ICRP
A better degree of protection is obtained by using equipment 1990 recommendations were considered in a major revision
comprising a mask and a cartridge filter. Usually the factual of the Finnish radiation protection legislation which took
degree of protection is lowered because some unfiltered air effect from the beginning of 1992. The Radiation Act
is inhaled through leaks between the protective equipment imposes that radiation practises include, in addition to the
and the face, especially in the case of simple disposable use of radiation, operations or circumstances in which per-
equipment. The comfort in use, especially a low inhaling son's exposure to natural radiation causes or may cause a
resistance, is one of the most important criterion in selecting health hazard". An action level of 400 Bq/m3 for radon in
an appropriate piece of equipment. workplaces was issued by STUK by the virtue of the Act. An

Cockpits of loading trucks and other machinery used in employer is required to measure the radon concentration in
underground mines are mechanically ventilated and often the working premises if it is suspected that the action level
the incoming air is filtered in order to limit the dust concen- might be exceeded.
tration inside the cockpit. Also some radon progeny is fil- A monitoring program for radon in workplaces was started
tered. Experiments in a Finnish mine showed that concentra- in 1992. Monitoring was focused on radon-prone areas. The
tions of radon progeny in a cockpit of a loading truck was 455 municipalities of Finland were classified into four cate-
11-35 % (average 20 %) of that outside the truck [121. How- gories based on 24400 radon measurements made earlier in
ever, the reduction of dose is not necessarily as significant detached one-family houses. Catergory included municipali-
because the fraction of unattached radon progeny is probably ties where more than 25% of the radon concentrations in
higher inside the cockpit because of the lower amount of dwellings exceeded 400 Bq/m3. The corresponding percen-
dust particles in the air. tages exceeding 400 Bq/M3 in categories 11, Ill and IV were

10-25 %, 1-10 % and < 1%, respectively. The number of
7 Dose assessment municipalities in categories I, II, I and IV were 14, 68, 154

and 224, respectively. Monitoring was focused first on muni-
Normally, workers dose caused by radon need to be assessed cipalities in category , but was very shortly extended also to
only when the action level is exceeded despite of attempts to category 1I. Today, the criterion for compulsory radon meas-
reduce the radon concentration i. c. the remedial action urement in workplace is that the work place is located at an
should be taken first and the system of protection of workers area where at least 10 % of the dwellings exceed 400 Bq/m3,
be applied only if the actions are not successful in reducing (categories and II).
radon concentrations sufficiently At first, it was thought that monitoring of workplaces

The BSS Directive [1] establishes a conversion factor for could be initiated simply by bringing into publicity the
the effective dose per potential alpha energy exposure for employer's obligation to monitor radon at the radon prone
radon progeny. The factor is 1.4 Sv per h in-

3 for radon areas (category I and II). Various articles were published in
in workplace. By definition, the ratio of potential alpha journals, news papers and other media. Also a television
energy exposure to the equilibrium equivalent exposure is campaign was launched informing about radon exposures
5.56. 10-Jhm-3 per Bqhm-3 fS]. On these bases the effective and on the employer's obligation to take action. This did not
dose (E) can calculated using the formula: work out: much less radon measurements were made by the

SV ~~~~~~~~~employers than what was expected. A more direct approachE 7.78.1- lfY F. T C (1) had to be adopted. This was done by mailing informationBq-h-m 3 directly to workplaces and reminding the employers of their
where responsibilities concerning radon exposure of workers. The
E is the effective dose (Sv), letter included a leaflet about facts on radon in workplaces
F is the equilibrium factor (dimensionless ratio of equilibrium equiva- and a fill-in reply form to be returned to STUK indicatingtent concentration of radon progeny and the radon gas),thacintobtkefrassigtewresexsueo
T is the occupancy ime (h) andthacintobtaefoassigtewrksexsueo
C is the radon concentration (Bq in-

3). radon. During 1992-1997 STUK contacted about 7000 pri-
vate and municipal employers in this way: today about 1000

Unless more detailed assessments have been made on the employers are contacted every' ear. It has emerged that
annual working hours and the equilibrium factor, it is usually there is no need to measure radon in about two-thirds of the
assumed that F = 0.4 and T = 2000 h. By applying these values workplaces. Typical reasons for exclusion are:
the radon concentrations in workplaces causing effective * the premises are situated in the upper floors of the build-
doses of 6 and 20 mSv are about 1000 and 3000 Bq M3. ing;
respectively. * the company has no employees (the owner being the only

It should be noted That the conversion factor of the BSS is worker): and
based on ICRP recommendations [51 where it is recognised * the work is done elsewhere (truck drivers, hired cleaners.
that there is, at present a discrepancy of a factor f about construction workers. etc.).
two to three between risk estimates from dosimetry and Altogether almost 10000 radon measurements in workplaces
from epidemiology and conversion factors may change in have been made so far and injunctions to take remedial
time. But as the BSS has adopted the conversion factor men- action or to make further assessments of the concentrations
tioned above, it should be used .g. for dose recording of have been issued to about 800 work sites in which the first
exposed workers where such is needed, result measured during winter exceeded the action level of

400 Bq/rn. Further action depends on the measured concen-
8 Experience in regulatory control and monitoring (if radon tration. If the concentration exceeds the action level nIv

in workplaces slightly (400-500 Bq/m 3), the employer is requested to make
a complementary measurement during the summer to check

In its 1990 recommendations [. the ICRP recommended for the seasonal variations- If the concentration exceeds
that high exposures to radon in workplace can e regarded .500 Bqlni3 the employer is requested to either investigate the
as the responsibility of the operating management and actual radon concentrations during working hours with a
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Titel VII

- Work activities -~the presence of natural radiation sources
leads to a significant increase in the
exposure of workers and members of the
public

- Member States shall ensure the identification of such work
activities

- Spas, caves, mines, underground workplaces, aboveground
workplaces in identified areas,
Operations with materials which contain natural radionuclides
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Annex XI

Part A: Workplace types with exposure to Radon
- Underground mining, caves ....
- Radon spas
- Water works

Part B: Workplace types with exposures to U, Th and their decay
products

- Production and application of thoriated welding electrodes

- Disposal or use of residues with increased levels of natural
radionuclides
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* In India 3 uranium mines are operational at present, About
1500 workers are employed in these mines

* Following radiation protection monitoring and dose estimate

for individual workers is being done.

1. Ambient radon dosimetry

2. Personal monitoring ( Rn & gamma)

3. Internal contamination Measurement for radium
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SSNTD & TLD) based personal dosimeters developed in India are
being used. At present only representative monitoring is done

It will be extended to all mine workers in about a year

Radium body burden measurements are being done by, estimation
of radon in exhaled breath The set is based on Low Level Radon
Detection System which can measure radon concentration up to
1.7 Bq/m3.

Radium body burden measurements are being done on routine
basis.

The technique developed in India is simple, quick and sensitive for
routine monitoring

* Sampling time 10 min
• Minimum detectable radium

Body burden 0.15 kBq

Portable : Whole set up can be packed in convenient size box for
transportation to field areas
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Charge plate holder

Charge plate
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Comparison of LLr"S witli convontlonal tochniquos

Scintillation Double filter Charcoal L.L.R.D.S.

SI No. Cell method adsorption

1 Sampling Time Milli sec. 30 mln* 10 min Few sec.

2 Min. Detectable Conc. 50 Bq/mn3 40 Bq/mn3 0.5 BqImn3 1.7 Bq/mr3

3 For field use

Handy Yes Yes No Yes

Air mover pump Not required Required Required Not required

Immediate counting Not required Required Not required Not required

Other requirements Nil Nil Dry ice/ Nil
Ascaritel
Argon gas



Hygrometer

trap

Rm~r

Low Level Radon
Detection System

Cytinder

Fi7g. 1: Afragevent for sampling for radon In breath measurement
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For the study of above type of occupational exposures to radon
concentrations, following technique developed in India, can be used
effectively.

Low Level Radon Detection System (LLRDS) : It is
based on electrostatic collection of charged RaA atoms
produced due to disintegration of radon.

The technique is simple and sensitive. It gives spot measurement of low
concentration of radon.

In the range of radon concentration of kUq.m3 it can be quickest device
for radon concentration measurement.

About 10 fold increase in radon in night hours are observed

Diurnal and spatial variation studies under the above working
conditions can be significant for dose estimate.

It can also be used for study of exposure during different periods of
working, hours in work places with enhanced radon concentration.
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The assessment of the Aircrew exposure
L. Tommasino

The recommendations of the International Commission on Radiological Protection,
1CRP` issued in 1991 first included exposure of aircraft crew to cosmic radiation as
occupational exposure.
In addition to these recommendations, a significant increase in air travel and a trend
towards higher cruising altitudes for commercial aircraft throughout the world has
occurred in the past decade.
In 1992, because of these problems, the European Dosimetry Group (EURADOS)
established a Working Group to consider the exposure to cosmic radiation of air
crew, and the scientific and technical problems associated with radiation protection
dosimetry for this occupational group. The working group was composed of fifteen
scientists (plus a correspondence member) involved in this field of study and with
knowledge of radiation measurement at aviation altitudes. As outcome of the
activities of the Working Group, a report has been published by the title Exposure of
Air Crew to Cosmic Radiation -Radiation Protection 85, the content of which was
described in the Vienna meeting.

Radiation Protection 85
The first section of this report assesses the existing data on radiation exposure,
describes the radiation environment experienced at civil aviation altitudes, and
summarizes the computational approaches that have been developed to model the
cosmic ray radiation field in the atmosphere. A relatively good agreement has been
found among the different data from several laboratories. The agreement of these
data with theoretical estimates is less satisfactory. Unfortunately the data are not
sufficient to give accurate information on the solar cycle influence on the exposure
level. Some of the most important recommendations have pointed out the need to
carry out experimental studies to be prolonged at least up to the present solar
maximum.
From the entire set of data gathered in this section it has been possible to conclude
that the exposure of civil air crew will be most unlikely to exceed the dose limits
recommended for occupationally exposed workers by the ICRP. However it is clear
that aircrew flying above 8 km will experience annual doses which are greater than
the limit for members of the general public.
The second section of the report describes the dose quantities which are used in the
assessment of radiation dose and the relationship between the procedures which are
used in the determination of the various quantities. It is clear from the nature of the
radiation fields and from the particular circumstances associated with the working
environment for air crew that conventional radiation protection dosimetry is not
applicable in the same terms as in the more usual fields encountered in occupational
radiation exposure on the ground and that certain simplifications in approach must be



made. The strategies available for monitoring the doses of air crew in different
categories are considered.
The Group was of the opinion that there are some areas relating to the assessment of
the radiation exposure of air crew in which several uncertainties remain, such as the
spectrometry of low- and high-energy neutrons, the charge and the energy of heavy
charged particles, the effect of the solar cycle, the correct evaluation of the dose, etc.
To tackle these problems, the European Community funded different multinational
research projects, one of which, still under way, has the major objective to study the
dependence of the aircrew exposure on the solar activity which, at present, is going
through its maximum.
At the Vienna meeting, the final report related to the (1996-1999) CEC multinational
research contract was illustrated, a copy of which was also provided.

Final CEC Contract Report
The main aim of this European Commission Multinational Research Contract was to
bring together scientists with relevant expertise in several research disciplines to
investigate the problem of cosmic rays and dosimetry at aviation altitudes, with the
major goal in mind to remove the uncertainties listed above in the EURADOS
Report. The major objective of this research project was to measure the flux and
energy spectra of neutrons and charged particles over a wide energy interval at
aviation and mountain altitudes and to compare results with those calculated using
various transport codes. The determination of the response characteristics and the
investigation of calibration procedures for active and passive detectors was to be
undertaken and methods for the confirmation, by measurements, of calculated route
doses were to be established.
Within this multinational research project much progress was made in different areas
of research, namely the determination of the fundamental physical characteristics of
the cosmic radiation field at aircraft altitudes; the characterization and development
of instrumentation; the measurements of dose rates and routes doses and the
development of procedures for this purpose; and the application to routine radiation
protection.
Measurements and calculations were made of the particle fluence rates, and energy or
LET distributions for components of the cosmic radiation field at aircraft altitudes
plus determinations of ambient dose equivalent for the whole field and for its high
and low LET, or neutron and non-neutron components. These were supplemented
and supported by measurements and calculations on mountains at several thousand
meters and near to sea level. There was generally good agreement between results
from different methods and/or contractors, and with results for other non-contractor
laboratories. The form of the neutron fluence energy distribution and its possible
dependence on altitude or latitude was of particular interest. Apart from the more
significant contribution of the thermal neutron component for mountain top and sea
level fluence distributions, the determinations has shown little dependence on
altitude or latitude, with good agreement of the distribution determined in this project
with those in other studies.
Surveys of aircrew exposure have been carried out with different advanced
dosimetric systems, which have been characterized or even developed ad hoc for the
accurate evaluation of the aircrew exposure.



The key strategy of these surveys was to obtain on-board comparison of
measurements for both passive and real-time detectors flown together with
passengers. In particular, this was possible thanks to the Alitalia collaboration, which
provided special support and arrangements for deployment of detectors for
comprehensive in-flight measurements.
This exposure facility has been made available for a time sufficiently long to
compare the response of active and passive instruments. These surveys were carried
out in the period of solar minimum (1995-1997), in which the exposure to galactic
cosmic rays reaches its maximum value.
This circumstance has been used to good advantage to obtain comprehensive
investigations of the galactic cosmic radiation with little or no disturbance by the
solar activity modulation.
Great efforts have been made to obtain a very satisfactory coverage of flight routes
between 120 South and ±70' North geomagnetic latitude.

Comparison between the Old Data and those Obtained in the Recent
Surveys
As mentioned earlier, the new surveys, carried out under the 1996-1999 CEC
contract, have been obtained in a period of solar minimum (1995-97). During this
period, dose rates due to galactic cosmic radiations reach their maximum values. Fig.
1 compares the total dose rates obtained in the period (1 995-97) with those gathered
in the past respectively in the period 1974-76 (solar minimum) and 1991 (solar
maximum). The data referring to the period prior to 1995 and the way of plotting
them have been derived from the EURADOS report illustrated above. To facilitate
the comparison among the measured values obtained in different periods under the
same solar phase, the total dose rates of the period 9 5-97 have been expressed in
terms of the maximum dose equivalent, MADE, which is the same quantity used in
the period 74-76.
From this large variety of data, the following conclusions can be drawn:
-measured dose rates increase with flight altitude for all latitudes but more rapidly at
high latitudes;
-total dose equivalent rates correlate with the variation in cosmic radiation intensity
due to the solar cycle of about 1 1 years, being about 40% higher in the period of solar
minimum (74-76) than in that of solar maximum (1 99 1);
-data gathered more than 20 years at the same phase of the solar cycle (solar
minimum) agree within 20%;
The overall agreement among all the data is better than that reported above, since the
discrepancies are in part due to the different dosimetric systems used.
All the measurements described in this paper refer to galactic cosmic radiation,
characterized by easily predictable field intensity and relative dose rates.
At subsonic aviation altitudes, solar activity modulation may just contribute to lower
this exposure estimate by some tens of percentage, a reduction which may even be
concealed by the instrument measurement error.
For this reason, the conservative evaluation of the dose on the basis of the
experimental data presented above, may be a suitable procedure from the
radioprotection point of view.
No data exist on solar flares, which are rare events and unpredictable in terms of
energy spectrum, intensity, duration, etc. With the ongoing multinational research

I 5I



contract funded by the European Union it is hoped to gather sufficient data during the
present phase of the maximum solar activity.
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TECHNOLOGICALLY
ENHANCED NATURAL
RADIATION IN MINES

Jan Skowronek
Central Mining Institute, Katowice

UMain sources of TENORM

a Coal industry (waters, sediments,

a copper industry (waters, sediments,
wastes)

m metallurgy (wastes)
m phosphate industry (wastes)
a probably oil industry (waters)

1 52)



Sources of natural radiation in mines
(coal and copper mines)

* Radon daughter productsia radium-bearing waters and sediments
m internal contamination
m external gamma radiation

IRadium in coal mines

I800
600 ----- *Radium in deposits

Moutfiows

400 7777777

200

*0

2



alyisof radium in inflows
m Range of radium isotopes concentration in mine

Ra-226: from 0 to 39Ok13q/m3
Ra-228: from 0 to 70 kBq/m3

MmRadium balance in water inflows into coal mines:
Ra-226 750 MBq/day
Ra-228 710 M13q/day

aWater inflows with Ra-226+Ra-228 concentration
above kBq/m3 have been found in 40 coal

Radium in outflows from mines

a An average concentration of Ra-226
in surface waters:

0.003 kBq/m3 (The Netherlands)
0.004 kBq/m3 (Germany, Poland)

a Highest concentration of Ra-226 in
waters discharged from settling
pond into the river was of about 25
kBq/m3
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IRadium in sediments
(1 Maximum Ra-226 concentration in deposits in

coal mines reached 400 kBq/kg

The highest gamma dose rate in underground
galleries - 20 uGylh

.Q1 Pipeline system "L--ZA in southern part of
Silesian Coal Basin - in which of about 20000
tonnes of radioactive materials have been
deposited with total activity 600 GBq ofURa-226

Natural radionuclides in mines

Source Natural mines
environment

Radium-bearing < 0,01 up to 400
waters, kBq/1M3

Radium in 0,025 up to 400
sediments

kBq/kg__ _ _ _ _ _ _

Gamma radiation 0,06 up to 20
dose, pgGyfh __ _ __ _ __ _

Radon cone. 8 up to 15.000
Bq 1M

3
_ _ _ _ _ __(150.000)

Potential alfa 0,02 up to 15
energy conc.,
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Doses fir miners (max) - 1999r.
mSv/yea ir

3,5 _ _ _ _

3
2,5 ____ W ailon daughters

2 U~~~~~~~~~~~~ Gai ma radiation
1,5 w l~~~~~~~~~~~ntmrn.cmnt~hv Ha

15

0,5-

Collective dose 1999r.
-45 man~i'vl/ear

aEn ndaughters

mGain..a radiation

LiInternal
cilitamination
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Geological and Mining Law (1994)

Decree of the Ministry of Industry and Commerce (1995):

In the undergrounds mines, in workings subject to radiation hazard, there
should be introduced the methods of work organisation and protection
against the radiation hazard that the equivalent dose for persons working in
such workings does not exceed 50 mnSv annually and 100 mSv during the
period offive consecutive years.

Decision of the President of the State Mining Authority (1994):

- Class A - if the annual effective dose equivalent lies within the range 5

the prevention measures must be applied

measurements in working places

- Class B - if the annual effective dose equivalent is higher than
20 mSY

individual doses must be measured

IMonitoring
a The Decision determines what types of radiation

measurements are treated as the basis for this
classification. Therefore the following types of
measurements of natural radioactivity must be done
in every mine:

*- concentration of potential energy alpha of
short-lived radon daughters in air;

*- gamma radiation dose rate;
*- concentration of radium isotopes in water and
residues.
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Prevention

a For radium in waters
*-removal of radium in non-actives areas;

m For radon progeny in air
*-amelioration of ventilation systems;
*-isolation of gobs
filtration of air.

Collective doses in coal mines
manSv/year

30

193 194 19599097 198 19

200`~~~~~~~~~~~~~~~~~



NORM in Polish metal-ore mines (radon exposure)

o ~~AUTHORS:

a, ~~~~~~~Dariusz Kluszczyni ski
Jerzy Jankowski

2 ~~~~Janusz Kacprzk
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NORM in Polish metal-ore mines (radon exposure)
Lu ~ NROUTO

0

In 1966, first announcements on the presence of radon in the nonuranium
V mines were reported in Poland

'R~~ ~ The average annual exposure approximating 34 mJhM-3 (48 mSv) was
0 determined in 1966

g yr ~~~~~~~~Since 1977, Kodak LR-1 15 track detectors have been implementedC~~~~
0
'I~ 

0 1~~j Up to 1989 the routine monitoring of miners' exposure was supported by the
government

LIComputerised data base has existed since 1977
0
z



NORM in Polish metal-ore mines (radon exposure)
(5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1

0~~~~~~~~0
0 p

N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~E12
E~~~~~~~~~~~~~~~~~E1

.5 ~~~~300
E

p200 c

0 ~~~ooo ~~~~~~~~~~~~~~~~~~I00~~~~~~~~~~~~~~~~~
E~~~~~~~~~~~~~~~~~

1980 1985 1990 1995 190 1985 1990 1995

o year year

0

9600 out of a total of 30,000 miners were covered by measurements

0 1 400 evaluations of annual exposures were conducted each year
Z V



NORM in Polish metal-ore mines (radon exposure)

0.. ~~~~~~~~grab sampling
EMenvironmental measurements

individual dosimetry
0 M ~~~~~~ noncontinuous dosimetry 

35- The data received during the

3 Of~~~~~~~~ 19 4 period 1966 - 1970 may
a) -~~~~3 8-K include high error

E ~~~~~~~~~~~~~~8 40

E 25 - ~~~~~~~7 5
0

2 ~~~~~~~~~~~~~~6 30
CL ~ ~ 20

0 X The mean annual exposure
0 4 20 ~~~~~~~~~~~~has stabilised since the
a) 3 15 ~~~~~~~~~~~~~~beginning of the 1980s

C 2 0

C

1 5

0 -0 0

z 66-70 75 77 7981 83 8587 89 919395 97 9901
a) 72-74 ya

I-~ ~ ~~~~~~~~ya



NORM in Polish metal-ore mines(rdn xoue

0. g- 10-
E ~copper mine

0 ~~~~~~~~~~~~~~~The differences between annual
-'~~~ averages are considerably lower then

those for the monthly ones

0 ~~~~~_01

o 0o,01 .. .. . . . . . The range of the mean values
(5 ~~~~~1980 1985 1 990 1995 cluae o n ot
CL E_ 1 .1 . clulte ro oe mot

E.... measurements is lower when the
CC, ~~~~~~~~~~~~~~annual mean is greater

0 
q4~~~ 0.o

0,1 IL

0 0,01zn adla Geometric standard deviation (GSD)cj :mine
0,001 1980 1985 ~~~decreases to the asymptote which

equals 2
z 90 18 1 990 1995

year one-month mean
0 annual mean



NORM in Polish metal-ore mines (radon exposure)
year 2000 1annual dose [m Sv] percentage of miners receiving annual doses of:m ine~~~~~~~~~~~~~~~~~0 ~ ~ ~ ie<0-1 > (1 -2> (2-5> (5-1 5> (15-5)

.1 ~~~~~~~~mean maximum [m Sv] [mSvI [m Sv] [m SvJ [m SvI

mine A (lead and 3.9 8.7 0 1 86 1 3 0

zinc)

.2 mine C (copper) 2.8 7.0 0 1 2 87 1 0

CL mine D (copper) 1.8 4.5 3 70 27 0 0
0 TOT~~~~~~~~~~~~~~~~~~~~AL (WE IG HTED 2.1 96 l i 3753 j 0

0 ~AVERAGE) 37__ __ 59 ___I
0

VThe annual doses higher then 15 mSv doesn't exist
0

) V The maximum annual dose equals to 9.6 mSv

VTotal weighted average in 1998 equals to 2.5 mSv



NORM in Polish metal-ore mines (radon exposure)

10 0

o excess relatv rSk ER ,1 Q.2 -. occupational risk (r.)
aS - ~~~~~Spontaneous risk (r,)

0,8 Average dose over 26 years equals to 2.7

0,6 c

1o-4 0 crblo_1

0~~~~~~~~~~~~~~~~,
0~~~~~~~~~~~~~~~~,

0,2
0 1~0 2 0 0 8

0

z



NORM in Polish metal-ore mines (radon exposure)
CL

0 ~ CNLUIN

0

a) 4 More then 9000 persons has been covered by measurements since 1977

2 ~~The computerised data base started in 1977

AlThe miners annual dose has average 2 mSv from the beginning of 80's

0 Miners' lifetime risk (due to radon progeny) is below 1 % when assuming the averageB lieieto7 er and occupancy period from 18 to 55 years

The lieieprobability of death by 'conventional' reason of working underground in
.2 y Poland is assumed to be 0.3%

'0

a) U ~The lfetime probability of death in a traffic accident in Poland equals to 1 %
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Identification of work activities in the N~kG
Netherlands

Contents

• Introduction

* Identification of work activities

• Example



Identification of work activities in the N RG
Netherlands
Introduction

The implementation of the EURATOM Basic Safety

Standards forces Member States to identify work

activities which may be of concern

Identification of work activities in the N ~\G

Netherlands

Introduction

*First survey carried out in 1998/1999 on behalf of

the Ministry of Social Affairs

*Update is being performed at the moment

2



Identification of work activities in the N RG
Netherlands
Introduction

Structure of the surveys:

* Literature search for occupational exposure to

NORM

* Inventorisation of work activities in the Netherlas

* Evaluation of doses by scenario calculations for

normal and unlikely conditions

Identification of work activities in the N\G
Netherlands
Introduction

Exposure scenarios based on specific industrial

information on:
• Nuclide inventory and specific activity

• Dust concentrations

* Exposure conditions (for normal and unlikely

conditions)
* breath rate * distance

* duration * size of sources

3



Identification of work activities in the N\)G
Netherlands
Introduction

Occupational exposure

• Scenarios specific for each type of industry

* Pathways: external irradiation and inhalation

• Ingestion accounted in a general way

* No skin doses

Identification of work activities in the NKG
Netherlands
* Introduction

Classification scheme

Nonna Unhk~
c~icugta c~dm nces

20 mv50 M5v

6 n~~Sv 20 mSv
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Identification of work activities in the N RG
Netherlands
Introduction

0

Basic criteria for identification of work activities

of concern

Dose criterion Working conditions

* 0.1 mSv/y effective dose Normal
1 mSv/y effective dose Unlikely

Identification of work activities in the N ~\G

Netherlands
Results

Category A:
• Thermal phosphorus production (trans-shipment of ore;

storage of ore; slag beds)
* Phosphoric acid production (trans-shipment; storage)

* Fertiliser production (trans-shipment; storage at user;

strewing by user.)
• Oil and gas production (storage of sludge and tubings

* Electricity production (dust in kettle house; trans-

shipment and storage of fly-ash)

0~~~~~~~~~~~~~~~~~~~~~~~~~~



Identification of work activities in the N RG
Netherlands

Results

Category A: (cont.)
* Flys-ash industry (dust at processing; storage)
* Cement production (storage; brick production)
* Mineral sands (trans-shipment zircon sand)
* Welding rod production (storage; filing of welding rods)
* Steel production (blast-furnace gas dust)
* Cerium oxide polisher (polishing)
* Catalyst production (storage; Ra bearing scales)
* TiO 2 pigment production (storage; dust)

Identification of work activities in the N RG
Netherlands

Results

Category A: (cont.)
* Use of phosphor slag (transport; asphalt and concrete

production)
* Use of phosphor gypsum (storage; plaster workers)
* Market gardening (Rn in greenhouses)
* Foundries (storage zircon sand)
* Glass furnaces (maintenance)
* Coarse ceramics (maintenance chimney)
*Fine ceramic industry (storage ZrO2)

*Thermal barrier coating (storage ZrO.)

6



Identification of work activities in the N\G
Netherlands

Results

*Category B:
* Thermal phosphor production (sintering plant; phosphor

production plant)
* Use of phosphor slag (road construction)

* Phosphoric acid production (maintenance)

* Fertiliser production (storage of ore and fertili,

maintenance)

Identification of work activities in the N G
Netherlands

Results

*Category B (cont.):
* Oil and gas production (maintenance)
* Electricity production (maintenance)
• Cement production (maintenance brick furnace)
* Mineral sands industry (storage zircon sands and milled

products; milling; bag filling)
* Foundries (mixing of milled sands)

7



Identification of work activities in the N ~\G
Netherlands

Results

*Category B (cont.):
* Glass furnaces (exposure at work)

* Fine ceramic industry (mixing of ZrOj)

* TIG welding (storage rods; grinding of welding rods)

* Steel production (sintering plant)

* Zinc production (cobalt cake)

* Catalyst production (maintenance)

Identification of work activities in the N G
Netherlands

Results

*Category B: (cont.)
* Metal recycling (cutting E&P components; exposure to

Ra bearing scales)
* Mineral wool (exposure at work; decommissioning)

* Aircraft operation (scheduled flights below 8 km altitude)

8



Identification of work activities in the N RG
Netherlands

Results

*Category C:
* Thermal phosphor production (decontamination)

• Oil and gas production (overhauling components)

• TIG welding (welding)

* Aircraft operation (scheduled flights above 8 km altitude)

Identification of work activities in the N G
Netherlands

Example

ineral wool decommissioning

9
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>INTRODUCTION TO ZIRCON AND ITS USES

>TYPICAL RADIATION EXPOSURES
m in production of zircon
m in use of zircon

>ISSUES WHICH ARISE IN THE MANAGEMENT OF
THE RADIOACTIVITY ISSUES



ZIRCON AS A MINERAL

*.CHEMICAL COMPOSITION - ZrSiO4

**MELTING POINT -25

**HARDNESS - 7.5

**U & Th CONTAINED IN THE CRYSTAL LATTICE

**COMMERCIAL ZIRCON CONTAINS -300 -350 ppm U
-100 -150 ppm Th

**FORMED AS AN ACCESSORY MINERAL IN GRANITIC ROCKS

**CONCENTRATED INTO HEAVY MINERAL DEPOSITS OFTEN
TOGETHER WITH ILMENITE AND RUTILE - BOTH ORES OF
TITANIUM

**THESE DEPOSITS COMMONLY OCCUR IN AUSTRALIA,
SOUTH AFRICA, INDIA AND USA



THE ZIRCON MARKET

Global market 1,w000,000 ton

Price US$ 200 - 400 p ton

Value of market US$ - 200m - 400m p.a.

Uses

Ceramics 40%
Ref ractories 20%
Foundry Sands 10%
Mould washes 10%
Chemicals 10%
TV Glass 5%
Other 5%



OCCUPATIONAL EXPOSURE SC.s
IN THE ZIRCON INDU~

*MINING

*SEPARATION OF ZIRCON FROM OTHER
MINERALS

*MANUFACTURING PROCESSES



•MINING DONE BY DREDGING OR TRUCK AND SHOVEL:.

• CLEARING OF VEGETATION FROM LAND SURFACE

BEFORE MINING, BY USING EARTH MOVERS

INTERNAL EXPOSURE EXTERNAL EXPOSURE TOTAL
mSvIA mSvla

wEARTH MOVING
EQUIPMENT DRIVERS 0 - 0.12 0.18 - 0.42 0.18 - 0.54

SERVICES 0 0.15 - 0.33 0.15 - 0.33

wDREDGING 0 0 0

CONCENTRATING 0 0 0



SEPARA TION OF ZIRCON FROM
OTHER MINERALS

INTERNAL
EXPOSURE EXPOSUE ~ E

mSvIA mSv/A

WET CONCENTRATOR 0 0.2 - 04 0.2 - 0.40
DRY CONCENTRATOR 1.0 - 1.2 0.7 - 1.0 1.7 -2.2

VIZ ~ FINAL TREATMENT 1.8 -2.1 0.7 -0.9 2.5 -3.0

'~PLANT FEED ALSO CONTAINS SIGNIFICANT MONAZITE LEVELS
SO LEVELS ARE HIGHER THAN OBTAINED IN USES OF THE MATERIAL

*.Zircon total activity 63 Bqlgm
**Monazite total activity 2600 Bqlgm



MANUFA CTURING PROCESS

MILLING - DRY

*MILLING BY BOTH WET AND DRY PROCESSES. THE DRY PROCESS
HAS THE HIGHEST DUST GENERATION RISK.

*MAXIMUM POTENTIAL DOSE 5.5mSvIA*

*MEASURED DOSES (AUSTRALIA)
External Internal Total
0.1 -0.4 0.3 -0.7 0.7 -1.0 mSvIA

*MEASURED DOSE (SOUTH AFRICA)

External Internal Total

0.2 - 0.3 0.1 - 0.2 0.2 - 0.5 mSvIA

*HARTLEY, HEALTH PHYSICS 201 Vol 80



PROBLEM AREAS

IN THE MANAGEMENT OF THE

OCCUPATIONAL RADIATION PROTECTION

PROGRAMS



LEVEL OF REGULATION

**LACK OF CONSISTENCY IN INITIATING REGULATION
e.g. >0.2 Bq/gm; > mSvIA; >1 Bqlgm; >300pSvIA

**LACK OF CONSISTENCY BETWEEN STATES IN APPLYING
REGULATION. EU HARMONIZATION PROCESS WILL HELP
BUT MEMBER STATES MAY BE STRICTER THAN
RECOMMENDATIONS. RESULTING IN UNFAIR
COMPETITIVENESS



LACK OF KNOWLEDGE

>> LEGISLATORS AND REGULATORS LACK KNOV
MINERALS, THEIR USES, THEIR MANAGEMENT
IMPACT ON SOCIETY.

>- MINERAL USERS LACK KNOWLEDGE OF RADIATION PROTECTION
VIZ, AND ARE FEARFUL OF THE IMPLICATIONS

> LIMITED COOPERATION BETWEEN THE REGULATOR AND THE
REGULATED

>>- MANY COUNTRIES HAVE NO ADVISORY BODIES TO ASSIST
THE REGULATED. COMPETENT AUTHORITIES DO NOT
ADVISE DUE TO CONFLICT OF INTEREST.



LA CK OF DA TA
**FUNDAMENTAL PARAMETERS NOT AVAILABLE FOR MANY

MINERALS

e.g. -Solubility of rad1ion
-Radon emanation fractions from specifiC)~
-Equilibrium status of the minerals
-Dose conversion factors for dust with AMAD>j

*.THE COST OF DETERMINING DATA ON A SITE BY SITE
BASIS IS OFTEN NOT CONSISTENT WITH THE LEVEL OF
RISK OVERTED.

*.DATA NEEDED TO PROMOTE EFFECTIVE RADIATION PROTECTION
IS OFTEN HELD BY PRODUCERS USERS AND NOT SHARED, DUE
TO FEAR OR COMPETITIVE ISSUES

* PUBLICATION OF INACCURATE AND THEREFORE CONFUSING DATA
BY PUBLIC BODIES

**THE USE OF OVERLY CONSERVATIVE FACTORS RATHER THAN THE
DETERMINATION OF THE TRUE DATA. (FACTORS UPON FACTORS)



OTHER ISSUES - NOT STRICTLY "OCCUPATIONAL

*WASTE DISPOSAL IN CONSISTENT CLEARANEL

-APPLICATION OF lOpSv/A DE MNMU LEESTO
NATURAL MATERIALS WHERE THE BACKGROUND
MAY BE IN EXCESS OF 2000pSv/A

- INTERPRETATION OF THE ICRP "A FEW TENS OF
MICROSIEVERTS" AS A MAXIMUM LIMIT OF lOpSvIA

- CLEARANCE LEVELS WHICH ARE NOT MEASURABLE
OR DISTINGUISHABLE FROM THE VARIATION IN
NATURAL BACKGROUND. (ALSO APPLIES TO
DETECTION LEVELS FOR OCCUPATIONAL PROTECTION
MEASUREMENTS) 

*TRANSPORT -THE USE OF THE FACTOR OF 10 IN PARA 107 (e) OF
TST-1 IS BEING QUESTIONED. ZIRCON INDUSTRY BUSY
WITH CRP TO DETERMINE EXPOSURES (INCLUDING
OCCUPATIONAL EXPOSURES) FROM TRANSPORTATION
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Occupational exposure to NORM in South Africa

TCM on the Assessment of Occupational Protection Conditions in Workplaces
with High Levels of Exposure to Natural Radiation, 7-11 May 2001

D G Wymer

Chamber of Mines of South Africa

* Activity concentrations and worker doses
- Mining of the Witwatersrand gold deposits
- Coal mining
- Coal ash
- Mining of the Phalaborwa Igneous Complex copper deposits
- Phosphate industry

* Issues
- What needs to be regulated?
- If regulated, what controls are needed?

2
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Distribution of uranium-238 activity concentrations in
Witwatersrand gold reefs

40% 

m 20%-

10%

0 0.1 0.3 1 3 10 30

Activity concentration, Bqig
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Worker doses in the South African gold mining industry

10 '" 

0 5 1 0 1 5 20 >20

Dose, mSvla



Distribution of radionuclide activities in South African coal
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Distribution of radionuclide activities in ash from South
African coal

0.

06
0 0~ ~~~~ ~~~3 0. 5 0.6

Activity concentration, Bq19

Activity concentrations in ores of the Phalaborwa Igneous
Complex

*Outer zone:
- Uranium-238 concentration 0.5 Bq/g
- Thorium-232 concentration 0.4 Bq/g

*Inner zone
- Uranium-238 concentration 1.5 Bq/g
- Thorium-232 concentration 2.5 Bq/g

S
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Worker doses in Phalaborwa Igneous Complex copper mine
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South African phosphate industry

* Phosphate rock (phoscorite, containing apatite) is open-

cast mined from the Phalaborwa Igneous Complex

* Uranium-238 concentrations: 0.1 to 0.2 Bq/g

* Thorium-232 concentrations: 0.3 to 0.5 Bq/g

* Processing

- crushing, wet milling, flotation, drying, despatch

- production of phosphoric acid and fertilizer

- gypsum waste contains 226Ra, 228Ra at 0.07 to 0.3 Bq/g

- ammonium phosphate contains U (+ some Th) at 0.2 to 1 Bq/g

10
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South African phosphate industry (continued)

Occupational exposures:

- mining and processing of phosphate rock: data not

yet available

- phosphoric acid, fertilizer production: all doses are

less than 5 mSv/a

Issues

Issues fall into 2 basic groups:

* What should be regulated - what are the criteria?

* If regulated, what controls are appropriate?

12
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Issues
1. What should be regulated?

Workplaces involving radon exposures

* The use of the radon action level in mines depends on
whether the ore is "radioactive". But how is
"'radioactive" defined?

* Mines with very low U grades may still produce
uranium as a by-product, whereas others with higher U
grades may not produce uranium

13

Issues
1. What should be regulated?

Workplaces involving non-radon exposures
• How does one decide what is excluded from regulation? A dose

criterion is the only sure way, but whose responsibility is it to do
the necessary dose assessment? Can be a huge burden on a large
number of industries. EU guidance says it is the responsibility of
the national authority, not the operator

• B3SS excludes exposure from unmodified concentrations of
radionuclides in most raw materials. What are "most raw
materials"?

• How does one avoid regulating "natural background"? How is
"6natural background" defined? The EU for instance refers to the
exclusion of "aboveground exposure to radionuclides present in
the undisturbed earth's crust" and defines what is meant by
"undisturbed"

14
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Issues

1. What should be regulated?

Workplaces involvin2 non-radon exposures (continue!D

The coal ash issue
- regardless of the level of hazard associated with coal

ash, it is not feasible to regulate its use in informal
communities (e.g. burning coal as fuel, use of ash to
make bricks)

- to restrict the use of coal ash would in any case
cause extreme hardship

15

Issues
1. What should be regulated?

Workplaces involving non-radon exposures (continued)

*Exemption criteria

- The 10 iSv/a criterion will probably never be met for NORM
industries and is inappropriate as an exemption level

- The man.Sv criterion is also inappropriate, e.g. collective
dose from use of fertilizer is 10 000 man.Sv per year

- ICRP60 has a second criterion that is not based on trivial dose:
"(287) ... no reasonable control procedures can achieve
significant reductions in individual and collective doses'. This
is not reflected in IAEA guidance

- EU guidance: 300 g~Sv/a? mSv/a?

16

8



Issues
2. What controls are appropriate?

The grey area between "practices" and intervention"
- EU guidance uses a 3rd category - "work activities" for which

the principles for practices and/or intervention may apply in
whole or in part. This is useful, but who decides, and on what
basis?

- Examples of difficulties
•Old underground mines, previously unregulated, with high radon

levels. Enforcement of dose limits could force closure and
massive unemployment. "Special circumstances" clause may not
help because it only gives temporary relief. Is this an intervention
situation?

•Old mine residue deposits on previously unregulated mines that
are still operating. Enforcement of public dose limits could be
financially prohibitive. ICRP82 says these deposits should be
treated according to intervention principles, i.e. ALARA but no
dose limitation

'7

Issues
2. What controls are appropriate?

• For NORM industries, control measures needed are usually
relatively simple, e.g. dust minimization, changes to working
practices. Guidance needed, in order to avoid unnecessarily
complex, nuclear-facility-type controls. See ICRP75

• Dilution of waste - for nuclear waste this is not considered
acceptable, but for NORM it is often nothing more than re-
establishing the original natural concentration of the ore (see EU
draft guidance on exemption/clearance)

• The ICRP recommends a facility-specific dose constraint of 300
[tSv/a. For NORM, a higher value up to 1 mSY is probably more
appropriate (EU guidance on exemption/clearance)

18
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NNR

OCCUPATIONAL EXPOSURES IN
UNDERGROUND GOLD MINES

IN SOUTH AFRICA

AN OVERVIEW

MOGWERA KHOATHANE

NNR TALK - OUTLINE

*Background

*Early underground radiation measurements

*Occupational dose distributions: 1997-2000

*Special cases

*Mitigation strategies



NNR BACKGROUND

*Low grade uranium mineralization is associated with

gold deposits

*Elevated levels of NORM documented since 1960's

*Legal controls commenced late 1990

*Screening surveys on a limited basis - 1992

NR EARLY UNDERGROUND RADIATION
MEASUREMENTS

*Radon progeny measurements conducted in
the early 1970's were published in UNSCEAR
1977

*94% underground workers were exposed to
potential alpha energy concentrations of less
than 0.3 WL

2



NNR OCCUPATIONAL DOSE DISTRIBUTION

NNR OCCUPATIONAL DOSE DISTRIBUDION
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NNR OCCUPATIONAL DOSE DISTRIBUTION

Annul Effecty Dose lo Underground Wftkers
19M Data
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NNR INDUSTRY AVERAGE EFFECTIVE DOSE

Average Effective Dose pcerOccupationally
Exposed Person 1999

£3

SABS NECSA MMP il. S . m-.

NNR OCCUPATIONAL DOSE DISTRIBUTION
* ~~Comparison of Underground Worker Doses
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NNR SPECIAL CASES

*Three mines:

0-5 5-10 10-15 15-20 >20
*Mine A 2860 262 2074 3459 2677
*Mine B 7053 3586 435 603 469
*Mine C 8 0 0 0 146

NNR MITIGATION STRATEGIES

*Sealing and caulking

*Radon decay bed

*Limiting occupancy
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NATURAL MATERIAL RADIATION CONTROL INITIATIVE (NMRCI)

Auistralia * Brazil * Malaysia * Netherlands *, Pcand * South Africa * USA*

Co-operation - the Way Out
(Intoducing the Natural Materials Radiation Control

Initiative)

INTRODUCTION

At the Second Symposium on Technologically
Enhanced Natural Radiation in September 1999 in Rio
de Janeiro, Brazil, it had been recognised that there is
an urgent need for mutual assistance in quantifying
exposures to ionising radiation and thereby more
accurately identifying potential risks to workforce and
general public arising from enhanced concentrations of
naturally occurring radioactive materials in industrial
operations.

It was furthe recognised that the exposure modelling
assumptions typically used in estimating risk were not
necessarily correct and that more specific exposure
information may be developed on the basis of existing
data or new studies that will lead to a better
understanding of the actual risks associated with these
materials. However, this information, where it may
already exi st, is fragmented with different parties
possessing incomplete data.

The recognition of the need for joint regulatory-industry
co-operation resulted in a preparatory workshop, which
was held at Phalaborwa, South Africa during the first
week of April 2000.



GOALS OF THE INITIATIVE

* Deveiopment of a draft IAEA Safety Report identifying
sources of exposures of workforce and general public
to knisingn radiation from enhanced concentrations of
naturally occurring radioactive materials in industrial
operations.

* Assessment of the impact of regulations on
international trade in commodities containing such
materials through co-operation between State
Regulatory Authorities and Industries.

The Safety Report will provide information on suggested
methods for national regulatory authorities, advisory
bodies and industries to meet the requirements of the
International Ato mic Energy Agency Basic Safety
Standards for the safety of industrial operations with
materials containing enhanced concentration of naturally
occurring radionuclides as well as quantitative
assessments. As far as is practicable, the assessments
will be carried out using data collected from industries,
national regulatory agencies and advisory bodies (not
on probabilistic assumptions).



The following aspects will be described:
* Occupational exposure,
* Expisue of members of the public,
* Waste dwisposal, and
* ntenational trade in commodities.

The proposed Safety Report will consist of two parts - a
technical support dossier and a guide for practical risk
reduction. The latter part will include a look-up table for
different processes resulting in the enhancement of
naturally occurring radioactive material concentrations
designed to assist the producer, customer and regulator
in reducing radiological risk where it is identified within a
particular industrial practice. The technical support
dossier will be a comprehensive assembly of empirical
data regarding worker and public dose compiled from
existing sources within industry and regulatory
authorities. A generic framework will be developed with
one industry as a first example.

The Report will provide the methodology to
quantitatively apply the principles of justification and
optimisation to potential exposure, as well as risk
limitation. It will continue to convert these principles to
regulatory activities and will be complemented with
examples of good practice on handling bulk amounts of
materials containing enhanced concentrations of
naturally occurring radionuclides in industrial operations.
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TERMS OF REFERENCE

* Principles are to be consistent with ICRP and IAEA
recommendations,

* Equal participation of regulatory authorities, industries
and advisory bodies is to be a priority to ensure a
robust data base is obtaied;

* Actuat measured results are to be used to the
maximum practical extent, assumptions, where
necessary, shall be justified;

• All industries (eg., phosphate, coal. niobium) will be
studied individually, according to the different
chemical, physical and radiological properties of
materials as well as work practices encountered in
that industry.



DECISIONS FROM WORKSHOP

The fis draft of the report will initially focus on
occupationad rather than public exposures. However, a
second drait of the document will also reflect public
exposure.

Waste management part will address best practices in
waste disposal and remediation of contaminated sites to
prevent current and future exposures in an optimised
manner.

It is recognised that during the development of the draft
Safety Report, additional technical information
addressing the specific issues in each of the industries
would be very useful. It can either be done as
appendices to the Safety Report, or a separate
Techinical Report.

Based on the above, it was concluded that the Initiative
should compile a working document for use as the basis
of a Safety Report. Participants will collect relevant
studies available to them for a peer review of the
available information and based on these, compile the
desired draft.

Further information is available from the NMVRCI Internet
site
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INTRODUCTION

OVERVIEW OF INDUSTRIES

* REGULATED INDUSTRIES AND SUCCESSES

* NVESTIGATED NDUSTRIES



* LARGE MINING AND MINERALS PROCESSING NDUSTRIES

* COMMENCED MORE THAN 1 00 YEARS AGO

*EXPLOIT A VARIETY OF ORES AND MINERALS CONTAINING
ELEVATED LEVELS OF NOR

*150 OOT OF U FROM GOLD AND COPPER ORFS

*MONAZITE MINED AS ORE

.*MINERAL SANDS DEPOSITS



*PHOSPHATE MINING AND PROCESSING

* OTHER ORES CONTAINING ELEVATED NOR

* VARIOUS DOWNSTREAM USERS OF PRODUCTS AND WASTES

* NOW THE OVERVIEW OF ALL IDENTIFIED SA INDUSTRIES WITH NOR

* FOCUS ON OCCUPATIONAL EXPOSURE ON SURFACE OPERATIONS

ONLY, AND HIGHLIGHT SUCCESSES ITO MITIGATING EXPOSURES

* RESULTS FROM INDUSTRY STUDIES
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* AUTHORISED FACILITIES SUBJECTED TO SA REGULATIONS FOR
RADIOACTIVE MATERIAL

* REQUIRES HA, RPP, VVMP, QA TO BE IMPLEMENTED

* QA INCLUDES INSPECTIONS, AUDITS BY NNIR AND ROUTINE
REPORTS AND OCCURRENCE REPORTS BY AUTHORIZED ACTIVITY



1.GOLD MINES (40)

ACID PLANT EXPOSURES

Nor mal-O-perations (mSvl/a) Maintenance (Svlmonth) Demolition

(mSvI9 months)

AVERAGE MAX AVERAGE MAX AVE MAX

1 5 0,4 3 1,3 5



*GM's extracted and produced uranium and sulphri acda ypout

* Only few AP and UP still in operation - require maintenance

* Numerous redundant plants - require demolition

* This is where highest occupational exposure on surface occur

• T 2hips provicIp tvnic-2i1 exnno.:wre v2lue rcordied

* Radioactive enhancement in U content and scales formation

U UK U concentrations up to 20 000 Bq/g observed inADU scales

*AP. Ra-226 from 100-100 000 Bq/g observed in scales



YEAR RADIATION EXPOSURE DURING MAINTENANCE
A\\[ RA[G iv/onh MAX (mv/ll0ili () IL nnmv

1 993 1,43 5,19 361

1995 0.46 3,01 1 22

SUBSEQUENT 0,38 2,81 70

Notes:

*EXAMPLE OF ATYPICAL AP WHERE EXPOSURE WAS REDUCED

*NUMBER OF WORKERS (250), DURATION (30 DAYS), TYPE OF ACTIVITIES C.IARRIED
OUT REMAINED THE SAME



1.KNOWLEDGE OF RADIATION HAZARDS

i Ha za rs ad- aU`dreas where occur were properly identmfed 

CTPIM,-fRTPPREGIME IMPLEMENTED

*PRP staff were trained, qualified, experienced
* Understood P principles
• Reduced time spend, no loitering
* Provided appropriate protection
* Better planning
* Daily updating exposure records
* Good hygiene practices (location of restrooms and changehouses)



3. PREVENTATIVE AND ENGINEERED CONTROLS

* Flush system as part of cooling down
* Use echanical means to move contaminated items

* Shielded contaminated area
* Replaced components with better material



INDUSTRY NUMBER MAX. ANNUAL NOTES
EXPOSURE (mSvla)

Gold Mines -40 Surface: 5 a Maintance on AP
* UG another presentation

Rare Earth 1 100' *Operated till 1962
(Monazite) (underground & on * Bad PP control

surface) & solated
* Re-commissioned?

Mineral Sands 3 3 * 2 Operational
1 Commissioning

* Dust main contributor
Zircon Millers 2 without control 5 * Controls - housekeeping and Dust

with good control: <1 containing
Copper + 1 Metplant. 20 * Extracts U as by-product
uranium UG:5 * High exposures in Met. Plant reduced

by good P
Phosphate Mine 1 5 * Slag and gypsum produced are used

in building materials
Fertiliser 4 Maintenance 6 * Ra-226 concentrates in pipes
Companies Normal ops 2 * Concern is maintenance in phosacid

plant
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INDUSTRY NUMBER MAX. ANNUAL NOTES
EXPOSURE (mSv/a)

Scrap Metal 6 -2 * Sale of contaminated scrap
Dealer and * Authorised to receive slightly
Melters contaminated metal

Many more scrap yards to receive
only uncontaminated metal

Recovery of 2 2 * Small companies that recover gold
Gold from redundant equipment and

material and woodchips
Fluorspar Mine 2 -3 * One mine ceased operations now

only sells fluorspar
Small Users of 27 <1 * Use small quantity of radioactive
radioactive compound in laboratory
material * Issued authorisation with specific

requirements

Notes:
* Exposures determined via personal dosimetry or assigned doses from area monitoring, mainly
* Dose rates indicated are with PP control measures n place



INDUSTRY ANNUAL NOTES
EXPOSU RES
(mSv/a)

Users of Zircon -4 * Various applications
* No controls currently
* NNIR investigated 18 users
* Work of ZMC

Users of Titanium -2 * Concern is maintenance due to Ra precipation
dioxide *Investigations by industry
Users of -1*Is produced as a waste or by-product with various
Phosphogypsum and applications
phosphate slag .Used as additive to cement and concrete used for

building purposes
Use of ash (fly and -1*Activity concentrates in fly and bottom ash
bottom) from coal mine *Used for building purposes
Building materials -1*Reports on the use of cement, fly-ash,

phosphogypsum, waste rock and calcine as ingredients
to building materials have been considered

Coal mine UG: CoM *Various coal horizons with differing grades of U and Th
assessment
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INDUSTRY DOSE NOTES
Gas and Oil <1 * Industry investigated, probably since new, no build-up

observed
Copper Mines <0,5 * In contrast to 1 regulated, low grades or U, Th and no

concentration has occurred
Investigated by industry

Water Treatment <1 * NNR investigated several facilities
Aviation Industry Grinding: 20 * Engine components for certain aircraft contains a Th,

Assembling: 10 zirconium, magnesium alloy
* Concern when milling, grinding on engine, assembling

It, storing and work in vicinity
* Was total ignorance about problem

Notes:

* These industries are being investigated by NNR and / or the industry itself
* None or little knowledge of possible radiation hazards and its controls - basically ignorance of problem
* Thus assume none or little controls are implemented
* Although some are big industries, such as coal mining and combustion, many are small one-man businesses
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Assessment of Occupational Protection Conditions in Workplaces with High
Levels of Exposure to Natural Radiation The Spanish Situation

J.L--. Martin Matarranz
Environmental Radiological Protection Department
Consejo de Seguridad Nuclear

1-. INTRODUCTION

At the moment in Spain this activity is not under radiological administrative
control , with the exception of mining and milling uranium industries.

Since all the Members Satates must ensure compliance with the Directive
Euratom 96/29, we have implemented, in our legislation (Health Protection
Regulation to Ionizing Radiation), the Revised Basic Safety Standards and we
have included already , the Tile VI , significant increase in exposure due to
natural radiation sources" as a new subject

This Regulation is going to be published soon, perhaps in two months. It is
now in the last stage, the approval by the goverment.

Despite the fact that we have not had specific regulations , am going to
explain now some studies made in the field of the radiological protection to
the natural radiation, according to the working activiies considered in the
Directive.

o Exposure to radon or thoron daughters or gamma radiation
o Non nuclear industries
o Air crew protection

2.- EXPOSURE TO RADON OR THORON DAUGHTERS OR GAMMA
RADIATION

In relation with this first topic , till now, the Nuclear Safety Council efforts have
been directed to know the indoors Radon concentrations in dwellings, that is the
main objective of the"' Spanish RadonProject"' This proyect was launched by
the CSN in 1989, for the study of the natural radioactivity in the environment, in
collaboration with different institutions such as the Research Centre for
Energy, Environment and Technology (CIEMAT) and different Universities.

Some of these Universities, have done specific studies about natural exposure
in worplaces , mainly health spas and show caves.

'Radon in Spanish Dwellings. Coleecibn otros, documnentos 6. CSN 1998 ( in Spanish)
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2.1.-Health Spas

Studies in 54 health spas were carried out by the Cantabria University 2 . In six
of these studies , the staff radiation doses were evaluated , and the estimated
effective doses were found to lie between 1 and 44 mnSv~y3. The bath
attendants were the main staff working group afected .

One interesting conclusion obtained was that high radon values in air, occur
even in spas that do not have radon high concentrations in water , for this
reason a detailed analysis of all spas must be done if we have to identify which.
of them may be of concern.

The exposed population in Spanish spas have been estimated in 3500
workers performing different duties in the facilities (bath attendants, office staff,
physiotherapists and doctors and cleaning staff).

2.2.- Show Caves

La Laguna University (Canary Islands) and the Cantabria University also, have
performed the radiological studies in some Spanish show caves.
La Laguna University studies, were carried out in two caves of Lanzarote Island
(Los Jameos del Agua y los VerdeS) 4 where the radon long term
measurements were made at selected locations along tourist routes.

The values found in this two caves were lowunder 200 13q1m 3 without any
radiological implication for workers

The radon values found in the Altamira Cave, studied by the Cantabria
University5, were higher about 5000 Bq 1M3 maximum.

The main conclusion of the study was that the radiation exposure levels where
high, especially to the staff working in the cave in a regular basis.

Currently, the admittance to this cave has been restricted, for preserving the
paintings jto about twenty or thirty people a day , in fifty minutes tours of five
people each

2.3.- Other work activities

The studies in workplaces located in public buildings have been limited. Till
now only , the Ministry of Health between 1991 and 1994, made radon
measurements in some goverment buildings and hospitals in Madrid. The

2 Soto,i. et al. Radioactivity in Spanish Spas. The Science of the Total Environument 162 (1995)
' Soto. J. et al Occupational Doses from Radon in Spanish Spas. Health Physics Vol 76 N0 4 April
1999
4 Hernandez Armas..J Works made for determination of radon levels at Canary Islands dwellings and
caves. Dose estimations. La Laguna University 1999 (in Spanish)

Fernandez, P.L. Quind6s,L.S. Radiation exposure levels in Altamira cave. Health Physics Vol 46 n02
1983
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values were in general low in all places but. higher in the underground

workplaces6

3.- NON NUCLEAR INDUSTRIES

As said before, the Non Nuclear Industries in Spain are not under radiological
control yet

The Nuclear Safety Council is now in the phase of identifying the type and
number of this industries existing in the country.

Nevertheless, some studies have been done , mainly in relation with the
phosphate industry (phosphoric acid production and fertilizers).

3.1.- The Phosphate Industry

The phosphoric acid production studies were carried out in the year 19897
and revised in 1998 by the Research Centre for Energy, Environment and
Technology (CIEMAT) in collaboration with the Nuclear Safety Council, in two
facilities located in the Southwest of Spain , Huelva province, with the main
goal of estimating the risk to the members of the public, living in the vecinity
of the fosfoyeso piles.

Now the Sevilla University is performing a study in these facilities with the
aim of knowing the workers exposure at the different places of work.

The Huelva and Sevilla Universities have studied also, the radiological
implications of fertilizers9 ,10 , concluding in the low doses received by the
consumers of fertilized products, but warning about the possibility that the
warehouse workers could receive significative exposures due to the high
radionuclide concentrations found in some fertilizers .

3.2.- Building Materials

For four years (1994 -1997), an study was carried out by means of an
agreement between the Cantabria University and the Nuclear Safety
Council , with the aim of knowing the natural radionuclides content ( K, 6Ra
and 232Th) in some materials used widely in the Spanish building industry.

6 Castro, J. Results f-rm the study of radon inside sanitary centres, public buildings and dwellings in the
Madrid area. International Conference on Implications of the New ICRP Recommendations on radiation
Protection practices and intervention. Salamanca 26-29 NOvember 1991.

7Cancio. D. et a] Radiological evaluation of the phosphate industry in Huelva.
CIEMAT/PRIMAIUCRE/1 1/89 (in Spanish)
S Cancio. D. et al . Revision of the radiological situation in the discharge zone of the phosphate industry
in Huelva. CIEMAT/DIAE/PIRA/08/98 ( in Spanish)
9~ Garcia-Tenorio, R. Radioactivity in comercial fertilizers. V Congreso d e ]a Sociedad de Protecci6n
Radiol6gica. Santiago de Compostela 26-29 Abril 1994 ( in Spanish)
'0 Bolivar, J.P. et al . Fluxes and distribution of natural radionuclides in the production and use of
fertilizers. Applied Radiation Isotopes. Vol 46 1995

cl6
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The building materials analysed were , granites, shales from the principal
country quarries and cements from the main Spanish producers."1
Considering the 26Ra activity concentrations , the maximum values obtained
were the following , granites (282 Bq/kg), shales (352 Bq/kg) and cements (93
Bq/kg).

From a point of view of assessing the workers exposure, in a future we have
alrready identified , the main quarries and cement production facilities in the
country . but would be said that is possible that this exposure could be low,
according to the isotopes concentration low values.

4.- AIR CREW PROTECTION

Currently by means of an agrement between the CIEMAT and Iberia airlines,
a studie is being carried out, to assess the exposure of the crew concerned.1

The study has been divided in two phases, the first one is related to
experimental measurements considering different comercial routes and
completed by dose computed based estimations.

The second phase will be dedicated to release some documents and
recomendations, about how organising working schedules, informing the
workers, radiological control, dosimetric systems etc etc.

5.- FUTURE ACTIONS

I have spoken about the Spanish Radon Proyect before. By means of this
project , currently we have indoors radon measurements in about 5.000
houses and we have also an image of the country in this way, and where we
can see the main Spanish radon prone areas.

This proyect is complemented by other, with the title of Natural Radiation Map
(MARNA) 13. This proyect is being carried out by the Nuclear Safety Council, the
Spanish Uranium National Company (ENUSA) ' some Universities and
Autonomous Comunities. This project provides maps of our country where the
different gamma radiation levels of the zones are reflected.

"Quindos. L.S. Natural radioactivity of cements and granites in Spain. Eurosymposium on Radon. Lieja
Noveber 1993
12 Saez, J.C. Current tendencies for the experimental measurement of radiation doses in comercial
flights. (personal comunication in Spanish)
13 Suarez Mahou E;~ Fernandez, J.A Use of uranium airborne survey data in the preparation of a
radiometric map of Spain Proceedings of a Technical Committee Meeting held in Vienna 9-12
November 1993 IAEA-TECDOC-827 October 1995
14 Suarez Mahou, E; Fernandez i.A. MARNA Project. Natural Gamma Radiation Map. Revista Sociedad
Nuclear Espailola. Jannuary 1997
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The results of this two projects provide to us a starting point to identify areas
where high radon concentrations and high gamma radiation levels in
aboveground workplaces might exist.

In the Title VII BBS Directive the Member States must ensure the
identification , by means of surveys or by other appropriate means the work
activities which may be of concern.

This identification in the Spanish legislation has been considered in the
following way . The Competent Authorities have to requiere , the necesary
surveys and studies to the facilities owners, which workers could be expose to
natural sources with the object of knowing if the work activities may be of
concern.

The competent authorities will send the results obtained to the Nuclear Safety
Council and the CSN will have to declare if the work activities need to be
subject to control or not.

At the first stage , the Nuclear Safety Council is going to act as an adviser for
the competent authorities and for the facilities owners.

On march of this year, by the Environmental Radiological Protection
Department in the CSN, a document titled The Protection to the Natural
Radiation. Proposal of Action' 15has been done.

In this document, the general lines for developping the Directive requirements
for assessing the exposure levels to natural radiation in different work places
(non nuclear industries and places with risks of exposure to radon and gamma
radiation levels) are considered.

This document is now under discussion in the Radiological Protection Technical
Direction , after this a proposal of action wiil be send to the President and the
Consellers in order to be aproved.

Is The protection to the natural radiation Action Proposal Directive 96/29 Euratom.
CSN/TGE/AEIRO 103/1404
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-~Show Caves

-~Other Working Activities

1 Non Nuclear Industries

The Phosphate Industry

Building Materials

~~ ~ J Air Crew Protection

3 Future Actions



C] At the moment, this activity i n'ot ne adooia diistr-ati -
ye control in Spain ,with the exception of mining and milling
uranium industries.

* We have implemented in our legislation (Health Protection Regu-
iLALinn I - Tnn.L i-7inn.I P-iri nt4' iLJ n). NJ, -hon~ sni .Vicori Pmeir JJ JLI~.LIL~

* The Title VII "Significant increases n exposure due to natural
radiation sources" has been included, as a new subject.

CJ Despite the fact that we have not had specific regulations, in this
area, some studies have been made in the field of the radiological
protection to natural radiation.

Or



LI I am going to present these studies according to the working activities
cnnsidered in the Directive.

-Exposure to Radon or Thoron Daughters or Cc mm-yrya Radiation.

Non Nuclear Industries.

--- Air Crew Protection.



Exp~sU~ ~ ~ ~Thoron Daughtrs' or
Gma RMlato

Cl Until now the Nuclear Safety Council (CSN) efforts ,have been direc-
ted ainy t kno th ,inoor Radon concentrations in~iiis

'Led mainly t~objecuw tie uu., ~a llbI vci~iilb

Li i i I IU ] laill 01 LIIL VCdIlfthe addlofl Poethtn was
launched by the CSN in 1989 for the study of the natural radioacti-
vity in the environment.

In this project are collaborating different institutions , such as, the
Research Centre for Energy, Environment and Technology CIEMAT)
and different universities.

Cl Some of these universities, have done specific studies about natural
exposure in workplaces, mainly, health spas and show caves.

6
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El Studies in 54 health spas were carried out by the Cantabria University.

El In six of this studies, the staff radiation doses were evaluated and the
effective doses were found to lie between 1 and 44 mSv/y. Bath atten-
dants were the main staff working group affected.

El One interesting conclusion obtained was that high radon values in air
occur even in spas that do not have radon high concentrations in water.

Cl For this reason a detailed anaysis of all spas must be done if we have
to identify which may be of concern.

El The exposed population in Spanish spas , have been estimated in 3500
workers, performing different duties (bath attendants, physiothera-
pists, doctors, office staff and cleaning staff).



Z~~~~~Mn Q", Ex os r pRoQ T oo au heso
Gamm'U Rroniton

ShowCvs

Li La Laguna University (Canary Islands) and the Cantabria University,

also, have performed the radiological studies in some spanish show

Cl La Laguna studies were carried out in two caves of Lanzarote Island
(Los Jameos del Agua y Los Verdes),where the radon long term

measurements were made at selected locations along tourist routes.

Li The values found in this two caves were low, under 200 Bq/m 3.



Z Expo~Lqrqto ~~on~Ihoro n Daghers o

Sho Cae5 j&

i71 The radon values found in the Altamira cave, studied by the
Cantabria University were higher about. 5000 Bq/m 3 maximum.

[El The main conclusion o the study was that the radiation exposure
levels where high, especially to the staff working in the cave on a
regular basis.

Li Currently the admittance to this cave, has been restricted to about
twenty or thirty people a day in fifty mrnutes ours of five people
each, for preserving the paintings.



Z ~~m~osureto~adon~ ~Thronl, Daught,,,ers or

OtherW racvtes 

El The studies in workplaces located in buildings have been limited.

El Until now, and between 1991 and 1994 only the Ministry of Health
have made radon measurements in public buildings and sanitary
centres in Madrid.

Cl The values were in general low in all places, but higher in the
underground worplaces.

.10



i Non Nuclear Industries in Spain, how I said before, a re not under
radiological control yet.

[1 The Nuclear Safety Council (CSN) , is now in a phase of identi-
fying the kind and number. of these industries existing in the country.

rl Nevertheless, some studies have been done , mainly in relation with
the phosphate industry (phosphoric acid production and fertilizers).

J4,



iDThe phosphoric acid production facilities studies, were carried out in
the years 1989 and 1998 (Revision) by the Research Centre for

the Nuclear Safety Council (CSNm).

3 In two facilities located in the Southwest of Spain , with the main
goal of estimating the risk to the members of the public.

EJ Now, the Sevilla University is studying these factories for knowing
the workers exposure at the different places of work.

1 2
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[7l The Sevilla University have studied also ,the radiological implications
of commercial fertilizers.

[3 The main conclusions were the following:

The low doses received by the consumers of fertilized products.

-~The possibility that warehouse workers couldireceive significative
exposures due to the radionuclide concentrations found in sorne
fertilizers

7
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JFor four years (1994-1997), an study was carried out by means of an
agreement between the Cantabria U niversity and the Nulear Safety Council
(CSN).

IP 1 1 1 211 11 VVCE). LU I VV L]ICt l EdLUId (I0 CUILJIiuciIU-- JIL~I fIn _ j.1cu
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The building material analysed were, granites (87 samples),shales (70 sam-
ples) from the principal country quarries, and cements (132 samples) from the
main Spanish producers.

Cl Referring to 226 Ra concentrations, the maximum values obtained were the
following, granites (282 Bq/kg), shales (352 Bq/kg) and cements (93 Bq/kg).

Cl From a point of view of assessing the workers exposure in a future, we have
alrready identified, the main quarries and cements production facilities in the
country.

14



Z~~~~~~~~~~~~~~~~~&

ri Currently by means of an agreement between the CIEMAT and
Iberia airlines, a study is being carried out. to assess the exposure
of the crew concerned.

ri The study haes been divided in two phases, the firsj-t one is elated to
experimental measurements considering different cornercial routes
and complemented by dose computed based estimations.

riThe second phase will be dedicated to issue sorm-e docume:nts and
recomendations.
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El The Radon Project is complemented by other project titled. Natural
Radiation Map (MA RNA%.

Cl This project is being carried out by the Nuclear Safety Council, the
S3panish Uranium National Company (ENUISA), some universities and
autonomous comunities.

El This project is providing to us, maps of our country where the diffe-
rent gamma radiation levels zones are reflected.

El The results of this two projects provide to us a tarting point to
* ~identify areas where high radon concentrations and high gamma

radiation levels in aboveground workplaces mnight exist.

17



*26
*21

20

10

17

18

4

:~~~5 r~~~~~, ~~PROVECTO MARNA
Mape dia Radlsckw Garmma Naturul

s~cal d] original 1:1 .GOO.OOO



/7~~~~~~~Z

ElIn the Title VII BBS Directive the Members States must ensure the
identification by means of surveys or by other appropriate means
the works activities which may be of concern.

rl This identification in the Spanish legislation has been considered in
the following way:

-~The Competent Authorities have to require the necesary surveys and
studies to the facilities owners, which workers could be expose to natural
sources with the object of knowing if the work activities may be of con-
cern.

-~The Competent Authorities will send the results obtained to the Nuclear
Safety Council (CSN) and the CSN will have to declare if the work activities
need to be subject to control or not.

El At the first stage, the Nuclear Safety Council is going to act as an
adviser for the Competent Authorities and for the owners also.

1 9
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Workplaces with elevated levels of exposure to natural
radiation: The situation in Sweden

Lars Mj~nes and Gustav Akerblom
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Abstract
Because of the geological conditions with an abundance of granites and pegmatites rich in uranium and thorium
together with large areas of uranium-rich alum shale, exposure from natural radiation is not unusual in certain
types of industries and other work activities in Sweden. Although no representative survey of radon at regular
workplaces has been performed in Sweden, smaller surveys and the high radon concentrations in dwellings
indicate that workplaces with elevated radon levels are frequent in Sweden. Very high levels of indoor radon
have been found in waterworks. Radon in mines has been regulated in Sweden since 1972 and radon in other
workplaces since 1990. The situation in schools and day-care centres was thoroughly investigated in 2000. The
estimated number of school and child care buildings with radon concentrations exceeding the action level 400
Bq/1M3, is 800, about 200 of these have been identified and in about 100 buildings remedial measures have been
taken. Regulations for natural radioactivity in building materials (for new buildings) have been in force since
1980. Lightweight concrete produced from uranium-rich alum shale was in use between 1929 and 1975. Almost
400 000 dwellings, 10 percent of the building stock, contain this material. The situation at NORMv (Naturally
Occurring Radioactive Material) industries is currently being investigated. Since the beginning of the 1950s it is
known that residues from several industrial activities contain enhanced levels of natural radioactivity. Some
examples are burnt alum shale from lime burning, radium-rich slag from metal production and waste gypsum
from sulphuric acid production. The impact of the exposure from these residues is now being reinvestigated. So
far no systematic search for up to now unknown work activities where substantial exposures from natural
radiation could occur, has been initiated. For the protection of aircrew from cosmic radiation the responsible
Swedish authorities have recommended an international solution according to the proposal made by the Joint
Aviation Authorities.

Natural radioactivity in Sweden
Sweden, and also Finland and Norway, have problems with elevated natural radioactivity in
the ground and in some building materials. This is because of the geological conditions with
an abundance of granites and pegmiatites rich in uranium and thorium. Moreover, Sweden and
Norway have large areas of uranium-rich alum shale.

About 75 percent of Sweden has been covered by airborne measurements of natural
radioactivity, mostly as part of the search for uranium between 1956 and 1984. Most
municipalities have produced local radon risk maps, based primarily on geological
information. Maps are also available of areas with enhanced uranium and thorium
concentrations and of areas where the ground has a high permeability, e.g. deposits of gravel
and coarse sands. High permeability soils, for instance gravel in eskers, present an enhanced
risk for radon in buildings. Recently a preliminary risk map for radon in water from drilled
wells based on a combination of geological information and measurement results was
produced.



The most important problem with occupational exposure from natural radiation is radon at
workplaces. Sweden has a mean radon level in dwellings of 108 Bq/mn3 . Using the dose
conversion convention recommended by the ICRP this implies a mean annual effective dose
from radon in dwellings of about 2 mSv, roughly half of the total mean annual effective dose
to the population. The most important source for indoor radon is the ground. Other sources are
building materials and radon-rich household water. Between 1929 and 1975 a light-weight
concrete based on alum shale was manufactured and used as building material in nearly
400 000 dwellings and an unknown number of other buildings in Sweden. The contribution to
indoor radon levels from this material can be up to about 1 000 Bq/m 3if the air exchange rate
is low. The gamma radiation levels in these buildings are usually between 0.3 and 1.0 pSv/h.
Sweden has about 200 000 drilled wells utilised all year round by permanent residents. An
estimated number of 10 000 to 15 000 of these wells have radon levels exceeding 1 000 Bq1l
and 80 000 - 100 000 exceeding 100 Bqfl.

Control of exposure from natural radiation at workplaces in Sweden
In Sweden indoor radon and gamma radiation in new buildings have been regulated since
1980 (ret). Joint recommendations for natural radiation was first published by the Nordic
radiation protection authorities in 1986 (ref). A new, totally revised version of these
recommendations was published in 2000 (ref).

Control of radon
For existing above-ground workplaces the action level is the same as for dwellings, 400
Bqfrn 3, and for new workplaces the planning level is the same as for new dwellings, 200
BqIm3. For mines and underground excavations the action level is expressed as an exposure
limit of 2.5 MBq h M-3 per year which corresponds to 1 500 Bq/1M3 at 1 600 working hours per
year. All the action levels are compulsory. The regulatory body is the Swedish Work
Environment Authority, SWEA. Inspections are carried out by the Work Environment
Inspectorate.

Control of gamma radiation
There is no action level in Sweden for gamma radiation in existing buildings. For new
buildings the planning level is 0.5 jiSv/h. For building materials two exemption levels are
recommended by SSI: The activity concentration of 226Ra should not exceed 200 Bq/kg (as a
source of indoor radon) and the gamma index, my, should be less than 2, where m CK/3000
+ CRd1300 + Cm/200. CK, CRa and C-R are the activity concentrations in Bq/kg of lOK, 226Ra
and 232Th. of the material. For often used outdoor areas such as playgrounds it is recommended
that the gamma radiation does not exceed 1 iSv/h.

Control of cosmic radiation exposure to air crew
For the protection of aircrew from cosmic radiation the responsible Swedish authorities have
recommended an international solution according to the proposal made by the Joint Aviation
Authorities (Notice of Proposed Amendment OPS-23).

Radon in workplaces
For ordinary above-ground workplaces only a couple of smaller surveys have been performed,
but the authorities involved have judged the situation to be rather well in hand. Measurement
protocols for radon in dwellings have been in use since 198 1, the last edition was issued in
1994. A proposal for a measurement protocol for workplaces is being discussed with SWEA.



Above-ground workplaces
No representative survey of radon in ordinary, above-ground workplaces has been conducted
in Sweden. SWEA made an investigation of about 150 workplaces in 1996. The investigated
premises (not randomly selected) were chosen in buildings where high radon levels could be
expected primarily due to radon from the ground, but measurements were also performed in
workplaces built from alum shale-based lightweight concrete. About 10 percent of the
investigated workplaces had radon levels exceeding 400 Bq qM3. The conclusion must be,
although the sampling was not representative, that several tens of thousands of workplaces in
Sweden have radon levels exceeding the action level of 400 Bq/m .

Most Swedish municipalities have made extensive measurements in schools and day-care
centres. The number of buildings for schools and day-care centres in Sweden is estimated to
be 25 000 with altogether about 125 000 premises. Roughly 25 000 of these premises have
been measured for radon. The estimated number of buildings with radon concentrations
exceeding 400 Bqlm 3 is 800 (2 800 exceeding 200 Bq 1M 3) . About 200 buildings with radon
levels exceeding 400 Bq/m 3 have been identified and remedial measures have been taken in
about 100 of them. About 1 000 buildings with premises exceeding 200 Bq/m 3 have been
identified. It is not known how many of those have been mitigated.

Mines
Radon measurements have been performed in Swedish mines since the end of the 1960s.
When the measurements started the radon levels in some of the mines were quite high. At that
time Sweden had 55 mines and the number of miners was approximately 5000. After four
years of intensive work with remedial measures the radon levels were reduced significantly.
Today the radon situation in the Swedish mines is satisfactory. The exposure to radon is
normally well below the exposure imnit. The number of underground mines is about 25 and
the number of miners 3 500.

Other underground installations
Radon levels in other underground installations such as hydroelectric power stations,
telecommunication installations etc. is controlled by SWEA and the Work Environment
Inspectorate. Defence installations are controlled by a special unit of the defence force. Most
of these premises are sufficiently ventilated, but a continuous control is necessary. Many of
the premises are used only temporarily.

Waterworks
In Sweden many waterworks, especially smaller ones, use ground water from drilled wells or
surface water that has been infiltrated through deposits of sand or gravel. In water from drilled
wells the radon concentration can be very high, up to 85 000 Bq/1 has been measured. The
radon levels in infiltrated groundwater are generally lower, but activity concentrations of
several hundred Bq/1 are not uncommon. When water with elevated radon concentrations is
processed in a waterworks, radon is released into the air. If the water is processed inside a
building the indoor radon concentrations can be very high. In surface water emanating directly
from a lake or a river the radon concentrations are normally too ow to cause problems.
Several waterworks have been investigated by local authorities co-operation with SWEA and
SSI. In a number of waterworks very high indoor radon levels have been found. In central
Sweden mean radon levels up to 18 000 Bqlm with peaks exceeding 50 000 Bq/m have
been found in waterworks using ground water with radon concentrations of about 100 Bq/l. It



is quite possible that employees of waterworks can receive doses exceeding 20 mSv per year
(calculated according to the CRP dose conversion convention). On the initiative of SSI and
the National Food Administration, SWEA has started a more extensive study of indoor radon
in workplaces using large volumes of ground water, including public baths, food industry,
laundries and certain processing industries, for instance paper mills. The study will be
performed during 2001.

Industries with potential problems with enhanced natural radiation
other than radon

A survey for further identification of industries with potential problems with enhanced natural
radiation is ongoing. However, the types and numbers of such industries are fairly well known
to SSI and SWEA already today.

Sulphuric acid production: Probably no problem today. The activity concentrations in the
ores that are used today are low. In southern Sweden several 100 000 tons of waste gypsum
from a big plant for sulphuric acid production have been deposited on a small island, from the
1940s until 1992. The activity concentration of 6Ra in the waste gypsum is 400 - 650 Bqfkg.
The gamma radiation level above the deposited gypsum is 0.3 to 0.4 pSvh with some local
maxima of 0.5 iiSvh.

Metal production: The ores used for metal production in Sweden today normally have low
levels of natural radioactivity. Radium-rich slag from metal production (100-200 Bqlkg) has
sometimes been used as filling material for building construction and can cause high radon
levels indoors. Slag has also in earlier years been used as a building material, for example as
wall tiles, and can cause gamma radiation levels of 1-2 Sv/h.

Foundry sands: Sweden has about 10 big foundries. Measurements have been performed at
a company importing zircon sand. The measured gamma radiation levels in the warehouse in
the vicinity of the stored sacks were about 0.3 piSv/h. This area will be further investigated.

Oil and gas industry: Sweden has no oil production of its own. There are two big
refineries, one on the west coast and one on the east coast that can have problems with
radium-rich scales in tubes and pumps. More knowledge is needed in this field. The use of
natural gas is probably no problem. Radon and radon progeny concentrations have been
measured in pipes and filters and no high levels have been found.

Thoriated welding rods: This is a potential problem during welding and grinding of the
rods. If the working rules are followed the doses are low. SSI has dealt with the problems that
have been recognised so far, but this area will be further investigated.

Natural stone: Quarrying is an important industry in Sweden. The Swedish granites, acid
gneisses and porphyries are hard rock types that are extremely durable. The quarried rock is
used for construction material, ornamental stones, gravestones etc. Some of the best granites
have considerably higher activity concentrations of uranium and thorium than most other rock
types. Concentrations of ... U of 120-450 Bqfkg, 23 Th 120-360 Bqlkg and 40K of 1200-2000
are not uncommon. There are probably no radiation protection problems in the working
environment at the quarries. The estimated maximum annual dose during quarrying is 0.6



mSv. Some granites with elevated contents of uranium and can cause problems with enhanced
gamma radiation levels when used as building material.

Peat ash: Peat is used as bio-fuel in Sweden, so far on a rather small scale. Peat excavation
is controlled by the Swedish Geological Survey and sampling of uranium is required before
concession is granted. Therefore the peat that is used in Sweden usually contains low levels of
uranium and the occupational doses from natural radiation to excavation workers are not a
significant problem.

Paper mills and waterworks: Large volumes of water are being processed in paper mills
and waterworks. Apart from the problems with high indoor radon levels due to radon escape
from the used water, radium-rich scales can be formed on the inside of tubes and pumps. This
is hardly a major radiation protection problem at the workplace, although further investigation
is needed, but rather a problem when the tubes and pumps eventually appear at the entrance of
the scrap yard.

Residues of burnt alum shale: In about a hundred places in Sweden there are deposits of
burnt alum shale. Alum shale has been used for the extraction of alum, KAI(S0 4)2, used for
tanning, for burning limestone in the field and, for a short period during the Second World
War, as raw material for oil production. These deposits are in some places very large, several
hundred metres in square and up to 20 metres high. The estimated quantity of deposited burnt
alum shale is several million tons. The gamma radiation above these deposits is about 0.5 to
1.2 plSv/h. The radon levels in the soil air in these deposits can be very high, up to 2 000 000
Bq/m . In some places in Sweden arge numbers of residential buildings have been erected on
such deposits.

Building materials
Light-weight concrete based on uranium-rich alum shale was produced in Sweden between
1929 and 1975. Because of its bluish colour it is often called "blue concrete". The activity
concentration of radium-226 in the material varies between 700 Bq/kg and 2 600 Bq/kg,
depending on where it was produced. Nearly 400 000 dwellings (about 10 percent of the
building stock) have been built from blue concrete in Sweden. The gamma radiation levels in
the dwellings are usually from 0.3 iSv/h to 1.2 pSv/h, depending on the activity concentration
in the material and the amount included in the building. The contribution to the indoor radon
levels can reach 1 000 Bq/mn3 if the air exchange level is low. More than 20 million tons were
produced until the production was terminated in 1975. People living in houses built from blue
concrete can get an annual effective dose from the building material of up to 4 mSv.

Protection of air crew
For the protection of aircrew from cosmic radiation the responsible Swedish authorities have
recommended an international solution according to the proposal made by the Joint Aviation
Authorities, JAA, in the Notice of Proposed Amendment OPS -23.

The Nordic Radiation Protection and Civil Aviation authorities have discussed common
Nordic recommendations for the control of exposure of aircrew to cosmic radiation. The
discussed recommendations follow the EU recommendations in "Radiation Protection 88".
Some of the points that are discussed are:



* The operators of commercial air transports shall inform the aircrew of the risks of
occupational exposure to cosmic radiation. Female aircrew shall know of the need for early
declaration of pregnancy.

* Estimation of effective doses to the aircrew shall be based on generic route doses published
by the Nordic Radiation Protection Authorities or on route doses calculated with special
computer programmes.

* The operator shall estimate the dose to each individual crewmember annually and inform
them about the dose and report to the national authorities a summary of the estimated
effective doses to the crewmembers. A list of crewmembers with an estimated annual
effective dose equal to or exceeding 6 mSv shall be reported.

*Working schedules shall be organised in such a way that estimated doses exceeding 6 mSv
per year are avoided. When a pregnant crewmember has informed the operator of her
condition her working schedule should be organised in a way that the dose will not exceed
1 mSv during the remainder of the pregnancy.
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Abstract
High indoor radon concentrations in buildings used for water treatment are not uncommon. When raw water is
processed in an open system radon escapes from the water to the indoor air of the premises. It is not unusual that
the staff of the waterworks have their offices in the building where the water is processed. If large volumes of
water are processed and the evaporated radon can reach the workplaces the indoor radon concentration can be
very high even if the radon concentration of the raw water is moderate. Groundwaters from aquifers in bedrock
and soil and surface water that has been infiltrated through deposits of sand or gravel have the potential to cause
high indoor radon levels. In surface water emanating directly from a lake or a river the radon concentrations are
normally too low to cause problems. Three waterworks in central Sweden have been studied, Ludvika,
Fredriksberg and Kolb~ck. The radon concentrations in the raw water of these waterworks are from 85 Bq1 to
300 Bq/l. Average indoor radon concentrations exceeding 17 000 Bq/1m3 have been measured in Ludvika with
peaks of almost 37 000 Bq/m3. In Kolback radon concentrations up to 56 000 Bq/M3 have been measured. It is
quite possible that employees of waterworks can receive doses exceeding 20 mSv per year (calculated according
to ICRP~s dose conversion convention). Measurements of radon and gamma radiation from the waterworks are
reported and methods to lower the indoor radon concentrations are discussed.

High indoor radon concentrations in some Swedish waterworks

Introduction
In waterworks usually large volumes of water are treated. The water is aired, often in open
systems, and chloride and other chemicals are added. Radon dissolved in the water is
inevitably released into the air of the waterworks premises.

In Sweden about 50 percent of the drinking water is prepared from surface water, 25 percent
from groundwater and 25 percent from artificially infiltrated groundwater (often water from
lakes infiltrated in eskers). Sweden has approximately 2 100 public waterworks. A relatively
small number of large waterworks, predominantly using surface water, serve the majority of
the population. Use of surface water is especially common in densely populated areas. This
means that most waterworks in Sweden are relatively small and a large number of them use
groundwater or infiltrated water. 70 percent of the plants serve less than 1 000 consumers
(Hult 1998).

The radon levels in surface waters are usually very low, less than 1 Bq/1. Normal radon
concentrations in groundwater in soil aquifers in Sweden are 10 - 300 Bqfl. In drilled wells in
normal bedrock typical radon levels are 50 -500 Bq1l, in uranium-rich granites 300 - 4000
Bqfl. The maximum radon concentration found in a drilled well in Sweden is 89 000 Bq/l
(Nordic 2000).

The local health inspector of Ludvika municipality in central Sweden reported to the Swedish
Radiation Protection Institute, SSI, that he had found high indoor radon levels at the
waterworks in Ludvika and Fredriksberg. In May 2000 SSI visited these waterworks and the
waterworks in Kolbiick to investigate the situation, study the remedial measures taken so far



and make complementary measurements. At the same time the health risks were discussed
with the personnel working at the waterworks. The action level for radon at workplaces in
Sweden is 400 Bq /M3 . The regulatory body is the Swedish Work Environment Authority.

The personnel at the waterworks often work a couple of hours per day with surveillance of
pumps and filters, cleaning reservoirs and handling the chemicals used in the water treatment
processes. The same personnel very often serve several waterworks in the same area. It is
common that other municipal workplaces, such as offices, are included in the waterworks
buildings.

The concentrations of 6Ra in groundwater in Sweden vary between 0.001 Bq1l and 0.3 Bqll.
In uranium-rich granites the levels are higher, a maximum of 8 Bqfl has been found in a
drilled well. The dissolved radium often precipitates together with iron- and manganese
hydroxide and can also be deposited as scales on the inside of tubes and pumps. Radon
progeny will also deposited in filters containing activated charcoal and sand. Therefore
elevated gamma radiation can sometimes be a problem from filters and pumps. Sometimes a
filter can contain so much radium that it will act as a secondary radon source so that the radon
concentration in the treated water will exceed the radon concentration in the water entering
the filter.

The three waterworks studied, in Ludvika, Fredriksberg and Kolback are all situated in the
central parts of Sweden, see map in Fig. X L???

Inspections and measurements

Ludvika waterworks
The Ludvika waterworks serves the small town of Ludvika with water. It is situated on an
esker (a postglacial formation of gravel and coarse sand, highly permeable to both air and
water). The water originates from a small lake and is infiltrated in the esker. It is pumped up
using cased wells and is then sprayed into small ponds in the vicinity of the waterworks in
order to be re-infiltrated in the esker, Fig. X2. Trough two cased wells at the waterworks the
water is pumped up into a mixing basin where the chemicals are added. The mixing basin is
situated under the waterworks building. Air from the basin can reach the premises on the
bottom floor of the building through an inspection opening in the floor, Fig x3. From the
mixing basin the water is pumped into a 3 000 m 3 reservoir situated under the waterworks
building. The treated water is pumped up into a high reservoir in the town before reaching the
consumers. The waterworks has a staff of five people. The number of working hours per year
have been between 200 -800 hours.

On the average 6 000 m3 of water passes the waterworks per day. The radon concentration in
the raw water has been measured to be 85 Bqfl and in the treated water 75 Bq/1. According to
the measurements performed by the municipal health authorities the average indoor radon
levels in different rooms in the building varied from 1 200 Bq/1M 3 to 18 000 Bq/1M 3 . Maximum
values exceeding 35 000 Bq/1M3 had been recorded, se Table 1. The waterworks building also
contains some offices and storerooms.



Table 1. Radon gas concentrations in different parts of the waterworks building in Ludvika
according to measurements performed by the municipal authorities

Room Before remedial Maximum, After remedial
measures, Bq rM3 Bg/m3 measures, Bq/r 3

Control room 4 250 10 860 ______

Above mixing basin 17 870 36 900 40
Cellar outside reservoir 8 150 100
Canteen 1 200 ____ 40

The water is transported in a closed system until it reaches the mixing basin and is flushed
over into the reservoir. The water flow in the mixing basin is very turbulent and radon is
released from the open water surface to the air in the room situated above the mixing basin
and from there it is spread to the other parts of the waterworks building. The reservoir is
covered with a concrete roof . In the reservoir, radon is released from the water surface to the
air contained between the water surface and the roof. When the water surface in the reservoir
is raised as water is pumped in, the radon-rich air is forced via the mixing basin up into the
building. This is the reason for the strong variations in the radon concentrations in the
building, one example is shown in Fig.x.

Figur frAn Ludvika kommun, miitning vid blandningskammare.

To reduce the indoor radon levels a supply/exhaust ventilation system has been installed with
a local extraction point (434 litre air per second) just above the water surface in the mixing
basin, se Fig x. As can be seen from Table 1 the remedial action has been quite successful.
The indoor radon levels are now 40 - 100 Bq/M3 .

Fredriksberg waterworks
The waterworks supplies the village of Fredriksberg and the neighbouring area with drinking
water. It is situated on the shore of a small lake and the raw water is brought up by cased
wells from an esker on a small island in the lake and pumped into the waterworks. The raw
water has not been aired or further infiltrated before it reaches the waterworks. In the plant
potassium permanganate and soda are added after which the water is aired and flocked ??? in
open basins. The flocculation is removed by an open Carex filter. This implies that open water
surfaces are exposed in the main hall of the waterworks and consequently release of radon
into the indoor air. After that the water is treated in closed sand filters and is then stored in a
reservoir situated under the waterworks building until it is pumped out into the distribution
system. Apart from the main water treatment hall the building also contains a small laboratory
and an office. The door between the main hall and the other parts of the building is normally
closed.

Two people work regularly at the waterworks. They normally spend about five hours per day
there, which corresponds to about 1 000 hours per year.

600 - 700 m 3 of water is treated per day. The radon concentration of the raw water has been
measured to be 1 10 Bqfl. Samples have also been taken after the sand filters and from the
outgoing water. The results were 40 Bqfl and 15 Bqfl, respectively. The radon concentration
further out on distribution network has been measured to be 35 q/I .......

6615,



The average radon concentration in the main waterworks hall was measured by the municipal
authorities, before any remedial measures had been taken, to 1 1 200 Bq/m. In the laboratory
the average radon level was 7 000 Bq/1M 3 . In order to reduce the indoor radon levels the
ventilation system has been improved and a local extraction point just above the water surface
of the Carex filter has been installed. With the new ventilation system working the radon
levels in the main hail and the laboratory are just below 400 Bq1M3 . At very cold weather the
temperature in the building gets too low, so the ventilation system has to be shut off
temporarily.

At our visit we made measurements in the main hall and the laboratory using continuous
radon gas monitors. The result from the measurements in the main hall is shown in Fig. X.
The doors to the plant had been closed for several days before our visit and the ventilation
system had been shut off.

Gamma radiation measurements were performed on the water treatment equipment. Elevated
gamma radiation levels were found at some of the pumps, 0.2 - 0,4 jiSv/h and at a cooling
radiator of a dehumidifier, 0.8 jiSv/h. The gamma radiation was caused by radon progeny
deposited on the cooling fins of the pumps and in the radiator.

Kolbiick waterworks
The waterworks supplies drinking water to the village of Kolback and the surrounding area.
The waterworks is situated on the edge of a very long esker, Strbmsholmsfisen, running
through Kolback. The raw water is brought up by cased wells directly from the esker into the
waterworks for treatment and subsequent distribution to the customers. The treatment plant
was built recently, it was finished in 2000, see Fig x M?. Before that the water was distributed
from an old waterworks situated close to the new one. From the old plant the water was
pumped through a closed system directly out into the pipeline network without airing or any
other treatment. The radon concentration of the water was 200 -300 Bq1l. Since Sweden has
an action level of 100 Bq/l for radon in public drinking water, the municipal authority that
owns the waterworks had to take remedial action to reduce the radon level in the distributed
water. That was one of the reasons for building the new plant. An INCA airing equipment,
supplying 5 500 m air per hour, was installed in the new waterworks building, Fig. X. After
airing the water is stored in a 150 m 3 reservoir situated under the building. In direct
connection to the main hall of the waterworks is a small control room and an office. Normally
the door between the water treatment hall and the rest of the building is closed.

Five employees are working at the plant. Normally one person is performing maintenance and
surveillance about half an hour per day, five days a week. The total working time per year is
estimated to about 1 000 hours.

The average throughput is about 1 500 m 3 water per day. The radon concentration of the raw
water is 200 -300 Bq/I. After passing the airing equipment the radon concentration has been
measured to be 90 Bqfl. The radon concentration of the distributed water is about 50 Bq/1.

Discussion
The experiences from the three investigated waterworks show that there is a substantial risk
for high indoor radon concentrations when large volumes of groundwater are treated indoors
in open systems. The radon concentration in the raw does not necessarily have to be high for
the indoor radon levels to exceed 400 Bq/1M3 , the action level for radon at workplaces in
Sweden. New knowledge, at least for Sweden, is that radon can be forced into the premises by



changes in the water level in a reservoir. This can also give rise to substantial diurnal
variations in the indoor radon concentration. These examples show how important it is to
decrease the release of radon from open water surfaces to the indoor air. In the Ludvika
waterworks the problem was successfully solved by applying a ventilation system with a
suction point right above the open water surface at the rather small shaft connecting the
reservoir with the building. In the Fredriksberg waterworks the open surfaces of the filters are
more difficult to limit or cover. In the Kolbdick waterworks the indoor air radon levels were
very high, even though the INCA aerating device was entirely contained. Most of the radon
that entered the premises was released from the already treated water in the reservoir in the
same way as in Ludvika.

It is obvious that even well designed water treatment systems may have weaknesses that can
cause high radon levels in the waterworks premises. Our recommendation is that indoor radon
levels should be measured in all premises where large volumes of groundwater are treated.
Measurements should also be performed in neighbouring premises. Installed mitigation
systems should be checked regularly and the measurements should be repeated every second
year or so. There is a risk for high indoor radon concentrations in all workplaces where large
volumes of groundwater are used or treated indoors. Possible examples of such workplaces
are breweries, indoor swimming-baths, food processing industries and laundries.
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