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Foreword

Radioactive substances have been incorporated in a large variety of consumer products
for many years. In the course of developing technology the number and the type of
consumer products containing radioactive substances has increased considerably. The
present study reviews the control exercised by national competent radiation protection
authorities with particular emphasis on how the requirements of the new Basic Safety
Standards (Directive 96/29 EURATOM) are being applied. The document provides
information on different types of consumer products containing radioactive substances
and the particular isotopes and amounts of activities used in individual products. The
document indicates developments and trends of the placing on the market, the use and
arrangements for final disposal of the products. Available information on estimated
individual or collective doses resulting from the manufacture, use and disposal of such
products are also presented.

The report is structured in such a way that the relevant information on legislation, type
testing and trends and developments is presented for each individual country. The
publication of this document was considerably delayed because not all countries have
submitted the requested information in due time. It should also be noted that the report
refers to candidate countries which by the time of publication are now Member States.

The information provided in this document enabled the Commission to award a
consecutive contract aimed at establishing guidelines on the regulatory control of
radioactive consumer products (published as Radiation Protection Series No. 147). The
Radiation Protection Unit would like to thank all experts for their most valuable
contribution to this review.

Augustin Janssens

Head of Radiation Protection Unit
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GENERAL INFORMATION

1 GENERAL INFORMATION

1.1 Introduction

The practice of deliberately incorporating radioactive substances in consumer
goods has been established for many years. Some of the earliest applications
(over 150 years ago) involved the use of uranium compounds in the production of
a variety of coloured glazes and glassware. In the early part of the twentieth
century the radioluminescent effects of radium were discovered and
radioluminous paints were widely incorporated in many consumer products.

In the course of developing technology the number and variety of consumer
products containing radioactive substances increased. Some of these products
directly utilise the ionising radiation properties of the incorporated radionuclide
(for example, americium-241 in ionisation chamber smoke detectors) while other
products use some other chemical or physical property of the radionuclide (for
example, incandescent gas lantern mantles that incorporate thorium compounds).
Over the years some changes have occurred that have led to a reduction in the
radiation exposure of the public. For example, the use of radium in
radioluminous paint has disappeared, replaced by the lower energy beta emitters
tritium and promethium-147. In addition, improved technology has in some
cases enabled manufacturers to reduce the amount of radioactive material used
in certain products.

As the market for these consumer goods has expanded several international
organisations have issued directives and guidance. The aim is to ensure that the
radiation exposure of the public arising from the use and disposal of these
products is kept as low as reasonably achievable whilst still allowing persons to
obtain the benefits offered by them. In some cases, national authorities have
prohibited the sale of consumer goods where the addition of radioactive materials
could not be justified (i.e. there is considered to be no net benefit). An example
of this would be the addition of radioactive materials to toys.

1.2 Definitions, objectives and scope

Throughout this report the term "consumer product” is defined as follows:

a manufactured product or appliance, or miscellaneous source, in which
radionuclides are deliberately or intentionally incorporated and which can be
supplied to members of the public without special surveillance and control.

It follows that building materials, spa waters, minerals and foodstuffs are not
covered by this definition, and are therefore outside the scope of this report. It
should also be noted that this definition excludes products and appliances
installed in public places that may give rise to radiation exposure of the public, for
example exit signs containing gaseous tritium light sources in aeroplanes,
theatres, etc. The scope of this report is limited to those products that can be
purchased without restriction by the public.
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It is recognised that some consumer products are widely used by the general
population, for example, ionisation chamber smoke detectors, whereas some are
used by specialist groups only, for example weapons sights containing tritium.
This has been noted where appropriate in Part 1.3.

It is also recognised that some products containing radioactive material and
intended for industrial use only could fall into the hands of the public, perhaps via
auction sites on the internet. In such cases, however, it is clear that the suppliers
and manufacturers never intended these products to be consumer products.

Such products are outside the scope of this study.

The objectives of this study are:

e to review the level of control exercised by the competent radiation protection
authorities in the Member States and Candidate States of the European Union
(EU), with particular interest in the application of the relevant articles of the
Basic Safety Standards Directive 96/29 Euratom;

e to evaluate the requirements imposed by the competent radiation protection
authorities in the Member States and Candidate States of the EU, in the
following areas of interest;

prior authorisation and licensing schemes

product testing criteria

labelling and product information requirements

final disposal

exemptions and prohibitions; and,

e to collect all available quantitative data about the number of different types of
consumer product obtainable in the Member States and Candidate States of
the EU, and the particular radionuclides and activities used in individual
products.

In addition, available information on exposures to members of the public,
estimation of the individual or collective doses resulting from the manufacture,
use and disposal of consumer products has been collected and reported.

The study is an update of an earlier report published in 1995.!

1 Schmitt-Hannig A, Drenkard S and Wheatley J, Study on consumer products containing radioactive

substances in the EU Member States, European Commission report EUR 15846 EN, 1995

10
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1.3 Description of consumer products

A brief description of each consumer product is given below. Those products
containing deliberately added artificial radionuclides are described first, in parts
1.3.1 to 1.3.6. These are followed by those where naturally occurring radioactive
materials have been deliberately added (although not usually for their radioactive
properties), in parts 1.3.7 to 1.3.11. Finally, irradiated gemstones are described
in Part 1.3.12. This is a special category of consumer product, as their
radioactivity arises from deliberate activation, rather than deliberate addition of a
radioactive material.

The potential exposure pathways from each product are discussed in Part 1.4.

A summary of the radionuclides used in each product, their activities, possible
routes of exposure and potential doses (where an assessment has been made) is
given in Annex 2.

1.3.1 Ionisation chamber smoke detectors (ICSD)

An ICSD contains an ionisation chamber in which the air between the electrodes
is ionised by a radioactive source. A potential difference applied between the
electrodes causes a small current to flow. When smoke enters the chamber some
ions will attach themselves to the heavier smoke particles causing a change in the
characteristic resistance of the device. The increase in resistance or decrease in
current is then used to trigger an alarm.

In modern ICSD, the radionuclide is americium-241 is used almost exclusively,
which gives rise to very low external dose rates. Some older ICSD may
incorporate krypton-85, radium-226, plutonium-238 or plutonium-239 sources
and with these the external dose rates are significantly higher. Although the
activity in a modern ICSD source is small, there are great numbers of these
devices in use.

1.3.2 Radioluminous products

For many years radioluminous paint has been used in products where the ability
to see an indication in the dark was considered useful. More recently, gaseous
tritium light sources (GTLS) have also been incorporated into products to provide
a source of illumination.

Some examples of widely available radioluminous products are:
e timepieces;
e navigational instruments, e.g. compasses;
e torches;
e novelty items such as key-rings; and,
e fishing floats.

Example of radioluminous products that would only be available to a small
number of specialists are:
11
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e weapon sights;

e signs, dials and switches, for example, those installed on boats and
aircraft.

1.3.2.1 Radioluminous paints

Radionuclides have been used in the luminous paint industry for many years, the
radiation emitted being converted into light by a scintillator (usually zinc
sulphide). For much of the twentieth century, radium-226 was the most widely
used radionuclide, but in recent years, for various reasons, this has been replaced
by tritium and promethium-147.

1.3.2.2 Gaseous tritium light sources (GTLS)

In a GTLS, tritium gas is encapsulated in a hollow glass tube, the insides of which
are coated with a phosphor. As the wavelength of the emitted light is dependent
on the phosphor, it is possible to manufacture GTLS to emit various colours of
light. When compared to products incorporating radioluminous paint, significantly
greater activities of tritium gas are required to produce the same degree of
brightness.

1.3.3 Fluorescent lamp starters

In a fluorescent lamp a ballast is used to heat an electrode so that an arc will
pass from one electrode to the other. The arc then energises the phosphor
coated on the inside surface of the lamp and visible light is produced. Some
fluorescent lamps incorporate small quantities of radioactive substances in order
to provide initial ionisation for the arc. A variety of radionuclides are used but the
activities are generally very low. These devices are widely available and are likely
to be in most fluorescent lamps purchased by the public.

In addition, thoriated electrodes and thorium iodate are often used in halogen
vapor lamps available to members of the public.

1.3.4 Electronic devices

Some electronic components (for example, voltage regulators, current surge
protectors, spark gap irradiators and indicator lights) contain small quantities of
radioactive materials, usually to cause ionisation and promote the current flow.
As with fluorescent lamp starters, there are a variety of radionuclides in use, but
the activities are generally very low. These devices are widely available and are
likely to be in many electrical products purchased by the public.

1.3.5 Anti-static devices

Static eliminators incorporating alpha particle emitters (usually polonium-210 or
americium-241) may be used for removing dust from photographic negatives,
vinyl records, camera and spectacle lenses. The radionuclides are in the form of
microspheres bound into an epoxy matrix or metallic foil sources. These products
are not used by the general public, but are available and may be used by keen
amateur photographers or record collectors.

12
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1.3.6 Lightning preventors

In the past, some manufacturers have attached radioactive sources to the ends of
lightning conductor rods as a means of increasing their range of attraction by
ionisation of the surrounding air. Americium-241 and radium-226 were the
radionuclides commonly used for this purpose. However, the effectiveness of
these devices was never proved. These devices are no longer widely available
and were never generally available to members of the public so it is unlikely that
they represent a significant source of radiation exposure.

1.3.7 Thoriated incandescent gas mantles

Gas mantles containing thorium produce incandescence when the mantle is
heated by a flame. Thorium nitrate is impregnated into the fabric mesh during
manufacture of the mantles. When the mantle is placed in the lamp and pre-
burned, the thorium nitrate is turned into thorium oxide, which then produces the
incandescence. Although only thorium is initially present in a newly
manufactured mantle, the amount of thorium progeny increases with time and
may be present in significant quantities. Thoriated gas mantles are now
decreasing in number because of the introduction in recent years of non-
radioactive alternatives. Although they were widely available a few years ago,
they are not any more.

1.3.8 Thoriated lenses

Thorium compounds are sometimes added during the production of glass to
change certain optical properties of lenses. They are also used in surface
coatings to reduce glare. Thoriated lenses are not widely available and are used
only by a small section of the population.

1.3.9 Thoriated tungsten welding electrodes

These electrodes are used in Tungsten Inert Gas (TIG) welding techniques. Up to
4% thorium is incorporated in the electrodes to enable a lower voltage to be used
to strike the initial arc. This has the effect of increasing the useful life of the
electrode. After repeated strikes, the conical tip of the electrode starts to
degrade and it may be reshaped by using a grinding wheel. Thoriated tungsten
welding electrodes are available to the public in some places, but as TIG welding
equipment is relatively expensive and its use requires some degree of training, it
is unlikely that these electrodes are widely used by members of the public.

1.3.10 Glassware, tableware, jewellery and ceramic tiles incorporating
uranium

Uranium compounds may be used in the production of fluorescent and iridescent
glass. The uranium is incorporated into the glass. Uranium compounds may also
be added to the glaze used on the surface of tiles, to produce a variety of colours.

1.3.11 Dental products incorporating uranium

Uranium compounds have been used with cerium to impart fluorescence to dental
porcelains. This improves the appearance of false teeth, causing them to appear

13
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like natural teeth under artificial and natural lighting conditions. The uranium is
incorporated into the porcelain.

1.3.12 Irradiated gemstones

It has been known for many years that the colour of gemstones may be
intensified or altered by irradiation. This process can happen naturally over a
long period of time but artificial irradiation to enhance colour, and therefore
commercial value, is standard practice.

There are three methods of artificially irradiating gemstones; gamma irradiation
(usually) with cobalt-60, irradiation with an electron beam in a linear accelerator,
or neutron irradiation in a nuclear reactor. With electron beam and neutron
irradiation, artificial radioactive materials known as activation products can be
produced within the gem structure.

Among the common processes are the irradiation of pale or colourless topaz to
produce a variety of colours, including "London blue" and "Swiss blue"; and the
irradiation of diamonds to produce green diamonds and so called "black"
diamonds.

It is generally assumed that gems treated in this way are stored for a pre-
determined length of time to eliminate short-lived activation products prior to the
gems being released on to the open market. However, there have been
occasional reports of the availability of gemstones with a high radioactive content.
This indicates that at least a few irradiated gemstones containing significant
levels of activation products have been released onto the open market.

1.3.13 Antique products

In the earlier part of the twentieth century, radium-226 was used for its supposed
beneficial effects in many consumer products, such as radium blankets, radium
corsets and radon emanators. This practice died out as the detrimental effects of
radium became more fully understood. Radium-226 was also the first
radionuclide to be used for luminising clocks, watches and other products,
however, its use in consumer products had ceased by the late 1970s within the
EU.

Other examples of miscellaneous consumer products that are no longer in use
are:

e vending machine coins and bank cheques luminised with carbon-14;
e identity cards and drivers' licenses luminised with promethium-147;

e home luminising kits utilising radium-226 or tritium; and,

e ointments, potions, creams and powders containing natural uranium.

It is possible that some examples of these earlier consumer products are still in
circulation on the second-hand and antique market, but the number is now
assumed to be very small.

14
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1.4 Potential exposure routes

1.4.1 Ionisation chamber smoke detectors (ICSD)

The potential routes of exposure from the radioactive sources incorporated in
ICSD are as follows:

e external exposure during normal use, maintenance and cleaning;

e internal exposure due to inhalation and ingestion of radioactive material
released following disposal;

e internal exposure due to inhalation of radioactive material during and after a
fire involving the ICSD; and,

e external and internal exposure due to misuse, e.g. mutilation of the source.

A dose assessment carried out by NRPB? indicates that effective doses from
normal use and disposal are likely to be very low (less than 1 pSv per year),
while effective doses from fire and misuse will not exceed 100 puSv per incident.

1.4.2 Radioluminous products

1.4.2.1 Radioluminous paints

The potential routes of exposure from items luminised with radioluminous paint
are as follows:

e external exposure during normal use, maintenance and cleaning;

e internal exposure due to inhalation and skin absorption of tritium released
from tritiated paint;

e inhalation and ingestion of radioactive material released following disposal;
and,

e internal exposure due to removal of the paint, either deliberately or following
breakage.

A dose assessment carried out by NRPB® in 1992 indicated that effective doses
from normal use and disposal of items luminised with paint containing tritium or
promethium-147 were likely to be very low (less than 2 uSv per year), while skin
dose could be up to 3 mSv per year. This assessment indicated that effective
doses from fire and misuse would not exceed 400 uSv per incident.

2 Radiological protection standards for ionisation chamber smoke detectors, Documents of the NRPB
Volume 3, No 2, 1992, HMSO

3 Radiological protection standards for radioluminous time measurement instruments, Documents of
the NRPB Volume 3, No 2, 1992, HMSO

15



GUIDANCE BY THE GROUP OF EXPERTS ESTABLISHED UNDER ARTICLE 31 OF THE
EURATOM TREATY ON THE BASIS OF A STUDY CARRIED OUT BY

A more recent NRPB assessment® of modern "divers style" watches indicated,
however, that the annual effective dose to an adult could be up to 22 pySv, and
the annual equivalent dose to the skin of an adult could be up to 10.6 mSv.
These assessments were based on measurements made on sample watches.

Some older items luminised with radium are still in circulation and were reported
as being available in one of the candidate states. The use of products
incorporating radium luminising compounds would result in doses significantly
higher than those quoted above. Some of the progeny of radium-226 emit high-
energy beta particles and gamma radiation that does not improve the
radioluminescent properties of the product, but does result in higher external
doses. In addition, although relatively larger quantities of tritium and
promethium-147 are required to produce the same luminescent effect as radium-
226, the committed dose per unit intake for radium-226 is much higher than that
for both tritium and promethium-147. This means that internal doses from
disposal and breakage would also be higher than those associated with paint
containing tritium or promethium.

1.4.2.2 Gaseous tritium light sources (GTLS)

The potential routes of exposure from items luminised with GTLS are as follows:
e external exposure during normal use, maintenance and cleaning;

e internal exposure due to inhalation and skin absorption of tritium leaking from
the GTLS;

e inhalation and ingestion of radioactive material released following disposal;

e internal exposure due to inhalation of radioactive material during and after a
fire involving the GTLS; and,

e internal exposure due to breakage of a GTLS.

The dose per unit intake for tritium gas is much lower than that for tritiated
water, and most GTLS contain a maximum of 2% tritiated water, the rest being in
the form of tritium gas. Consequently, potential internal doses are lower than
from consumer products incorporating radioluminous paint. It should be noted,
however, that in the case of a fire, elemental tritium may be rapidly converted
into tritiated water, giving a potential for more significant internal doses.

Dose assessments carried out by NRPB®>® indicates that effective doses from
normal use and disposal of items luminised with GTLS are likely to be very low

4 Paynter R A, Shaw P V, Dunderdale J, Ely S Y and O'Mahony M T, The use of radioactive materials in
the luminising of watches, NRPB Contract Report M-863, November 1997

5 Radiological protection standards for time measurement instruments containing GTLS, Documents of
the NRPB Volume 3, No 2, 1992, HMSO

16
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(less than 2 uSv per year), while skin dose could be up to 0.9 mSv per year. The
assessment indicated that effective doses from fire and misuse will not exceed
500 pSv per incident.

1.4.3 Fluorescent lamp starters and other electronic devices

The quantity of radioactive material used in such devices is very small and the
potential for external exposure is insignificant. There is some potential for
internal exposure following breakage of the devices, either accidentally or on
disposal. It is understood that an assessment of radiation dose from all types of
electronic device manufactured in Germany was made and estimated doses to
members of the public were found to be less than 10 pSv per year. An
assessment of doses to users carried out in the Netherlands’ concluded that
annual effective doses would be <1uSv.

1.4.4 Lightning preventors

It is not certain whether these devices are currently available to members of the
public. There is a potential for external exposure during normal use, and internal
exposure from uncontrolled disposal, fire, breakage and misuse of the devices.
The authors are unaware of any assessment of radiation doses arising from the
public use of lightning preventors incorporating radioactive sources.

1.4.5 Anti-static devices

External radiation exposure from these devices is minimal, but there is a potential
for internal exposure due to breakage, misuse and disposal of the devices. These
products are now rarely available to the public. The authors are unaware of any
assessment of radiation doses arising from the public use of anti-static devices
incorporating radioactive sources.

1.4.6 Thoriated incandescent gas mantles

The potential routes of exposure from thoriated incandescent gas mantles are as
follows:

e external exposure during handling of the mantles;

e internal exposure due to inhalation and ingestion of airborne radionuclides
released during burning;

e internal exposure due to thoron emanation from the gas mantle;

6 Radiological protection standards for compasses containing GTLS, Documents of the NRPB Volume 3,
No 2, 1992, HMSO

7 Eleveld H and Pruppers M ] M, Schattingen van de individuele en collectieve doses als gevolg van
consumentenproducten waarin radioactieve stoffen zijn verwerkt, Rijksinstituut voor Volksgezondheid
en Milieu, RIVM report 610310 005, May 2000

17
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e internal exposure due to ingestion of thorium arising from handling of the gas
mantle during changing (especially when it is used and brittle);

e internal exposure due to inhalation and ingestion of radionuclides following
disposal; and,

e internal exposure due to misuse, e.g. breakage of a brittle, used gas mantle,
or placing the gas mantle in the mouth.

A dose assessment carried out by NRPB® indicates that effective doses from
normal use and disposal are likely to be up to 140 uSv per year. The most
significant route of exposure is inhalation of thorium decay products, which are
released during burning (especially the first burning). The assessment indicated
that effective doses from misuse will not exceed 10 uSv per incident.

1.4.7 Thoriated lenses

The main radiological hazard to users is external exposure to the lens of the eye
from the beta and gamma radiation emitted by the thorium decay products. As
the thorium is incorporated into or bonded onto the glass, there is minimal
potential for internal exposures. The authors are unaware of any assessment of
radiation doses arising from the public use of thoriated lenses.

1.4.8 Thoriated tungsten welding electrodes

External exposure from small quantities of electrodes is minimal. In cases of
heavy use, for example in industry, there is a potential for internal exposure by
inhalation and ingestion of thoriated dust during grinding of the electrodes, if
appropriate measures are not taken to contain the dust. However, it is unlikely
that any members of the public would use significant quantities of these specialist
welding electrodes. The authors are unaware of any assessment of doses arising
from the public use of these electrodes.

1.4.9 Glassware, tableware, jewellery and ceramic tiles
incorporating uranium

There is some potential for external exposure from glassware incorporating
uranium, arising from the beta and gamma radiation emitted by the uranium
decay products. There is minimal potential for internal exposure as the uranium
is incorporated into the glass. Uranium compounds may also be added to the
glaze used on the surface of tiles, to produce a variety of colours. As with
glassware, there is some potential for external exposure. There is also a
possibility of internal exposure due to uranium slowly leaching from the glaze. An

8 Radiological protection standards for thoriated gas mantles, Documents of the NRPB Volume 3, No 2,
1992, HMSO
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assessment of doses to users carried out in the Netherlands® concluded that
annual effective doses would be <1uSv.

1.4.10 Dental products incorporating uranium

There is minimal potential for internal exposure, as the uranium is incorporated
into the porcelain. However, there is a potential for external irradiation of the
oral epithelium by alpha radiation.

A study carried out by NRPB in 1990° concluded that the annual beta dose
equivalent to the basal layer of a wearer of the dental porcelain could be up to
7.0 mSyv, depending on the uranium content of the porcelain.

1.4.11 Irradiated gemstones

The main exposure pathway is external radiation exposure from wearing items of
jewellery containing radioactive gemstones. A report for the UK government
Department of Trade and Industry made by NRPB!! concluded that the annual
effective dose to a member of the public would range from <0.01 pSv up to 0.02
MSv for occasional wear, and from 0.04 pSv up to 1.7 uSv for continuous wear,
depending on the stones used. Localised skin doses, however, could be range
from <1mSv up to 31 mSv for occasional wear and 70 mSv to 3000 mSv for
continuous wear.

° Eleveld H and Pruppers M ] M, Schattingen van de individuele en collectieve doses als gevolg van
consumentenproducten waarin radioactieve stoffen zijn verwerkt, Rijksinstituut voor Volksgezondheid
en Milieu, RIVM report 610310 005, May 2000

10 L ewis J and Paynter R A, Uranium content of dental porcelains, NRPB Contract Report M-247, 1990

1 stewart J E, Shaw P V and Robson J C, The radiological hazards associated with gemstones: review

and recommendations, NRPB-0S/016/2002
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2 RELEVANT LEGISLATION AND GUIDANCE

2.1 Relevant European Union (EU) legislation

2.1.1 Radiation Protection Legislation

All EU Member States are required to comply with Council Directives. Selected
extracts from the Council Directive of 13 May 1996 (96/29/Euratom) are included
below to provide a basis for comparison with some of the information given in
later chapters. The directive states:

"Article 2

1.

This Directive shall apply to all practices which involve a risk from ionizing
radiation emanating from an artificial source or from a natural source in
cases where natural radionuclides are or have been processed in view of
their radioactive, fissile or fertile properties, namely:

a) the production, processing, handling, use, holding, storage,
transport, import to and export from the Community and disposal
of radioactive substances,;.........

c) any other practice specified by the Member 