
                                                                      

Transport of Consumer Goods containing
Small Quantities of Radioactive Materials

Final Report

EC Contract Number: 4.1020/D/99-006 (DG TREN)

NRPB, Chilton, Oxfordshire, UK (Project co-ordinator)

GRS, Cologne, Germany

May 2001



1

Project Team

NRPB National Radiological Protection Board (NRPB),
Chilton, Oxon, UK
R Gelder
K B Shaw
S M Warner Jones

GRS Gesellschaft fuer Anlagen- und Reaktorsicherheit (GRS) mbH,
Cologne, Germany
G Schwarz
H-J Fett
F Lange



2

Contents

Page
1      Introduction 4
2      Scope of the work 5
3.     Materials and transport data 6
       3.1            Ionisation smoke detectors sources and assemblies 6
            3.1.1 Material characteristics 7
            3.1.2 Units transported 7
            3.1.3    Regulatory requirements 8
       3.2 Thoriated tungsten welding electrodes 9
            3.2.1 Material and radioactive characteristics 9
            3.2.2 Shipping characteristics 10
            3.2.3 Regulatory requirements 11
       3.3 Lighting products containing thorium or krypton 11
            3.3.1 Material characteristics 12
            3.3.1.1 Thoriated lighting products 12
            3.3.1.2 Krypton-85 in lighting and related consumer products 13
            3.3.2 Shipping and vehicle characteristics 13
            3.3.3 Regulatory requirements 14
       3.4 Incandescent gas mantles containing thorium 14
            3.4.1 Material and shipping characteristics 15
4.    Occupational and public radiation doses arising from transport operations. 17
       4.1            Radiological protection criteria for transport of radioactive materials 18
            4.1.1 IAEA Safety Standards 18
            4.1.2 Council Directive 96/29/EURATOM of 13 May 1996 19

4.1.3 Basic assumptions for dose and risk criteria arising from
            accidental exposures (Appendix V) 20

      4.1.4    Application of criteria 20
       4.2            Normal transport: radiation dose assessment 21
            4.2.1 Ionisation smoke detectors 21
            4.2.2 Thoriated tungsten welding electrodes 23
            4.2.3 Lighting products containing thorium and krypton-85 24
            4.2.4 Incandescent gas mantles containing thorium 26

4.2.5 Summary of occupational and public exposures resulting from bulk
shipments of consumer products

28

       4.3 Transport accident dose assessment 28
            4.3.1 Ionisation smoke detectors 30
            4.3.2 Thoriated tungsten welding electrodes 32
            4.3.3 Lighting products and related devices 32
            4.3.4    Thoriated gas mantles 33
       4.4 Events during transport 38
5.     Discussion 39
6.     Recommendations and Conclusions 41
7.     References 42

See over for Appendices and Figures



3

Contents (contd.)

Page
Figure 1   Large quantity  consignment of packages of thoriated tungsten welding rods 45
Figure 2   Primary packagings of lighting products containing Kr-85 or Th-232/228 45
Figure3    Incandescent gas mantle for municipal street lighting applications and
                protective transport packaging

46

Figure 4   Packagings for the transport and supply of thoriated welding electrodes 47
Figure 5   Examples of lighting products which incorporate Th-232/228 or Kr-85 48
Figure 6   Near-field package dose rate measurements, used for determining occupational
                exposures.

49

Figure 7   Expected dose from unshielded static exposure to radiation arising from a RAM
                package during a stop at a distance (a) from the receptor point

50

Figure 8  Expected dose from unshielded transient exposure to radiation resulting from a
                passing RAM shipment travelling with velocity (v) at distance (a) from the receptor
                 point

51

Figure 9   Radiation level of a palletised consignment of thoriated lighting products
                comprising packages varying in size and design (adapted from Riedmann, 2000)

52

Appendix I  Current UK Exemption Orders 53
Appendix II      Smoke detector tests and accident conditions 56
Appendix III    Accident scenario, methodology. 60
Appendix IV    Recent product information received from manufacturers and safety
                         organisations.

67

Appendix V     CEC Radiation Protection 65. Basic assumptions for dose and risk criteria 68



4

1. Introduction

The contractors for this EC funded research project were NRPB Chilton UK (co-ordinator) and
GRS Cologne Germany. The main objectives of the research project entitled “Transport of
Consumer Goods containing Small Quantities of Radioactive Materials” were to:

� review the current information in this area with emphasis on bulk transports of consumer
goods,

� identify relevant products and operations involved,
� assess the worker and public exposures from normal and accident conditions,
� consider the need for harmonised requirements,
� produce a full report.

The Transport Regulations developed and disseminated by the International Atomic Energy
Agency (IAEA), generally known as No. TS-R-1 (ST-1, Revised), 2000, establish the
standards of safety which provide an acceptable level of control of the radiation, criticality and
thermal hazards to persons, property and the environment that are associated with the transport
of radioactive material. The IAEA Transport Regulations are based on the philosophy that
radioactive material must be adequately packaged to provide protection against the potential
hazards of the material under all conditions of transport with a minimal reliance on operational
controls or human intervention. The Regulations provide, for example, a set of safety
requirements concerning (a) the package design and testing, (b) manufacture of the package
and contents, (c) the preparation of packages for transport, (d) the carriage and in-transit
handling of consignments and (e) the receipt at the final destination. The Regulations also
cover emergency response requirements, provisions for quality assurance and compliance
assurance. Compliance with these Regulations is deemed to satisfy the principles and
requirements of the International Basic Safety Standards (BSS) in respect of transport.

Radioactive material to which the Transport Regulations apply is defined as any material
containing radionuclides where both the activity concentration per unit of mass of material and
the total activity in the consignment exceed the prescribed exemption limits specified by the
Transport Regulations (TS-R-1 (ST-1, Revised) paras 401-406). Materials containing
radioactive constituents in quantities below the prescribed exemption limits are understood to
present such a low hazard that they do not need to be subject to the regulatory controls
embodied in the Regulations. For similar reasons, the Regulations TS-R-1 (ST-1, Revised) para
107 do not apply to:

a) radioactive material that is an integral part of the means of transport;

b) radioactive material moved within an establishment which is subject to appropriate
safety regulations in force in the establishment and where the movement does not
involve public roads or railways;

c) radioactive material implanted or incorporated into a person or live animal for diagnosis
or treatment;

d) radioactive material in consumer products which have received regulatory approval,
following their sale to the end user;
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e) natural material and ores containing naturally occurring radionuclides which are not
intended to be processed for use of these radionuclides provided the activity
concentration of the material does not exceed 10 times the values specified in
paragraphs 401 - 406 of the Regulations.

Of particular note are individual consumer products containing small quantities of radio-
nuclides which, having received regulatory approval, are explicitly exempted from the safety
requirements of the Transport Regulations following their sale to the end user. However, there
are shipments of consumer products in bulk, for example, between manufacturer and retailer or
end user, for which there is little information available on the potential radiological impact.
Such shipments of consumer goods may involve the movement of large numbers of radioactive
items, each containing small quantities of radioactive material, in the public domain. Those
from manufacturers/suppliers in some cases may be without labelling of packages or
indications that radioactive materials are present in packages and conveyances. The
radiological impacts of such transports are assessed in this report.

It is the primary objective of the EC-funded Research Project presented herein to collect and
compile information on the type of transports in bulk1 of consumer products containing small
quantities of radioactive substances and to assess and evaluate the potential radiological impact
from transport operations of this particular type of radioactive material shipment. The potential
radiological consequences for both workers and members of the public, arising from bulk
movements of radioactive consumer goods, will be considered in Section 4 for various
conditions of transport. Such information may also be of interest within the continuous review
and revision process of the IAEA Transport Regulations where the safety of transports of bulk
quantities of consumer goods containing small quantities of radioactive materials is currently a
matter of debate (IAEA 2000 a and b).

2. Scope of the work

The work  performed within this EC-funded Research Project is considered basically in four
parts:

� identification of consumer goods having the specific characteristics addressed in this
study, that is, manufactured consumer products typically shipped in large numbers,
containing small quantities of radioactive material,

� collection, compilation and documentation of the material and shipping characteristics
relevant to radiological protection considerations,

� assessment and evaluation of the potential radiological impact to persons associated
with bulk shipment of consumer products considered in this study,

� documentation of the study results, recommendations and conclusions.

                                                          
1 The term bulk transport or consignment is used throughout this study to describe large quantity shipments of a
given consumer product taking the form of a full or partial trailer/container load or cargo combining a number of
(radioactive and non-radioactive) loaded pallets or other packages into a transport vehicle.
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From the information available, including the results of two earlier EC-funded Research
Projects (Schmitt-Hanning et al. 1995, Raffestin et al. 1998), it can be reasonably concluded,
that the use and management of low-level substances and consumer products where
radionuclides have been incorporated by purpose or as natural radioactive constituents have
been established over many years. One of the earliest known applications involved the use of
uranium compounds in the production of coloured glasses and glassware. Over the last century
the number and variety of materials and consumer products containing small quantities of
radioactive substances increased significantly.

In this paper emphasis is placed on a number of manufactured low-level radioactive
consumer products, used in large numbers, where sufficiently accurate information on material
and shipping characteristics were accessible or available from other sources. These consumer
products include:

- ionisation smoke detectors,

- thoriated tungsten welding electrodes,

- lighting products containing thorium or krypton-85

- incandescent gas mantles containing thorium,
(see Appendix I for related UK exemption orders, subject to revision).

These are the consumer products, together with identified and characterised transport practices
and radioactive materials, considered for the purposes of this study. The approach adopted
throughout this study is to review the current information and databases with relevance to the
study area including the general literature. In addition, information has been acquired from
various industrial establishments, primarily manufacturers/suppliers of consumer products
containing radioactive material with the aim of collecting and compiling up-to-date factual
information on radionuclides chosen for each product, on shipping characteristics and the
potential radiological impact arising from such movements.

Appendix IV shows information on the activity and numbers transported of consumer products
included in and excluded from the study. Included items relate to known products for which
adequate information was available within the period allocated for this study. Exclusions were
based either on no known examples of such products, on knowledge too limited to enable
comment to be made or on products of very limited numbers and risk when compared to the
principal items listed.

3. Materials and transport data

3.1   Ionisation smoke detector sources and assemblies

One widespread use of consumer products containing radioactive materials within Europe is of
ionisation smoke detectors, with some 2 million available each year for UK households alone.

Currently available ionisation smoke or aerosol detectors contain small quantities of alpha-
emitting Am-241 as the radiation source. The alpha radiation emitted is used to ionise the air
between two electrodes thereby allowing an electric current to flow across the air gap under the
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influence of a small potential. Interruptions by smoke particles to the passage of the alpha
radiation through the air will set off the alarm signal.

3.1.1 Material characteristics

The Am-241 is generally mixed with palladium and subsequently sintered to form the radiation
source, mounted on a silver backing plate and the source face clad with gold for source
protection purposes. By rolling this material into very thin sections, from which source discs
are cut, many such discs can be produced from the original source material. Discs are about
5 mm in diameter and contain typically 18.5 kBq but generally not more than 50 kBq of Am-
241. Alpha radiation emitted from the source surface can penetrate the front gold-clad surface
to an ionisation detector, set some few millimetres distant. Smoke particles generated by fires
prevent the alpha radiation from crossing the ionisation chamber volume.

Early smoke detector sources of Am-241 consisted of an oxide layer deposited onto a fine
aluminium rod, less than 1 mm diameter. Under fire conditions, this rod oxidised into a fine
powder and in the aftermath of a conflagration, it was normal to find an approximately 1 m
diameter circle of contaminated ash and powder, immediately below the previous ceiling
location of the smoke detector. These have not been in use for some twenty years in the UK.

With the construction of the rolled metal source and surround, in 1983 the UK production
company requested fire tests of several of the new gold/palladium products with gold and silver
front and rear covering, carried out at 1200°C. These units melted into single or occasionally
multiple molten source globules, with the release rate for contamination being slight, less than
1% of the total activity, obtained from several consecutive test procedures, designed to increase
the release rate of Am-241 contamination. These tested sources were identical in production
methodology to those available today, apart from source activity being ten-fold greater than for
the models in current use (see Appendix II).

3.1.2 Units transported

There are two principal companies undertaking world-wide production of this Am-241 source
material, one in the UK (some 60% of total) and another in the United States of America (some
40%). The UK source production continues within the UK but, at an early rolling stage, thick
foils are exported to an overseas factory where further rolling and source cutting are
undertaken. Prior to establishing this joint venture, disc sources, produced within the UK,
amounted to 3.75 million units. The export of source material and setting-up of the overseas
partnership company came into being in 1999/2000. Production at the overseas factory was
stated recently to be 16 million discs a year. Two thirds of a million finished discs, mounted in
ionisation chambers, are currently re-imported annually back into the UK, and at least one
other company (in Eire) is also obtaining similar numbers. Total known production amounts to
some 1.5 million ionisation smoke detectors (using re-imported UK foil sources) for sale
within the UK. Other manufacturers or assemblers may exist and this number may increase.

An air transport consignment (the imported material with sources in finished form) from
overseas consists of between 20 and 50 boxes, each holding 500 units. Each 0.5 m sized
cardboard box contains plastic trays 'dimpled' to hold a source and ion chamber. The maximum
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fortnightly consignment is likely to be 50 boxes of 500 sources each. These sources form part
of the finished product but are not considered as consumer products at this stage of transport,
although measurements of dose rate are included in this study. Such units, source and ion
chamber, are imported by air freight once a fortnight. Collection is from the principal UK
airport with road delivery to a depot 4 hours distant. Separation between consignment and
driver is 1.5 m and some 40 drivers are employed with some estimated degree of duty rotation
on different routes, put at 1 in 5.

A sea-transport consignment of a range of detectors (ionisation and non-ionisation) is carried
by ferry, and consists of up to 12 wooden pallets, each 1.3 m high, 0.9 m wide, 1.2 m long, in a
standard 6 m long freight container. On a single pallet, up to 1440 units of assembled plastic
ionisation smoke detectors in cardboard outer containers each approximately 0.15 m square and
0.05 m deep are carried with up to six such pallets within the container and other pallets
contain non-radioactive items. The freight container, with 8,600 detectors on the six pallets,
arrives twice a week from Eire, and is taken from dockside to distributor's warehouse on a one
hour journey.

Local weekly distribution is from warehouse to local depot by road for a journey time of 1 or 2
hours. The weekly tractor and trailer road vehicle carries mixed loads, including a single pallet
of up to 1440 smoke detectors, amongst a dozen other pallets. Separation between driver and
consignment is at least 2 m and can be up to 6 m.

It is expected that other European States will have similar consignments, shipment numbers
and total numbers of detectors pro rata to those encountered within the UK.

3.1.3 Regulatory requirements

Table 1 lists regulatory requirements of the Transport Regulations TS-R-1 for Am-241.

Table 1 Regulatory transport requirements for Am-241
Material and form restrictions Activity limits

(IAEA, TS-R-1, para 401)
(a) Type A packages A1 value 1 x 101

 TBq
A2 value 1 x 10-3 TBq

(b) Excepted package
      Manufactured instrument,
      item limit

10-2 A1
100 GBq

      Component package, limit A1
10,000 GBq

      External surface of package, limit 5 �Sv.h-1

(c) Exempt consignment
     Activity limit 10 kBq *

                * UK smoke detector source activity is 18.5 kBq for typical item
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3.2   Thoriated tungsten welding electrodes

Some of the electrodes utilised in the industry in electric arc welding, for example, for tungsten
inert-gas welding (TIG-welding (in Germany known as WIG-welding)), contain natural
thorium incorporated into the solid metallic tungsten material. TIG welding is a process in
which an electrical arc is struck between an inert, gas-cooled, non-consumable electrode and
the metallic work piece. TIG electrodes have the reported advantage of easier starting of the
arc, greater arc stability and other advantageous features including the high temperature
resistance of solid tungsten electrodes. Such welding electrodes are widely used in the
construction industry, in the aircraft, petrochemical, food-processing equipment industry and in
nuclear power plant construction and maintenance.

The best estimate of the quantity of thoriated tungsten welding electrodes distributed and used
in Germany is of the order of about 60 - 80 tonnes per year. Thoriated tungsten welding rods
are produced consistent with the European Standard EN 26848 (1991) in several standardised
diameters and rod lengths ranging from about 0.5 - 10 mm and 50 - 175 mm, respectively.

3.2.1 Material and radioactive characteristics

The content of natural thorium in thoriated tungsten welding electrodes (TWE) ranges
generally from about 1 % to 4 % by weight in the form of thorium dioxide (ThO2). The
production figures available indicate that most thoriated welding electrodes in current use
(> 90%) have about 2 % of thorium dioxide by weight. The thorium dioxide is generally
derived from thorium of natural origin by wet-separation methods and contains primarily the
radioisotopes Th-232 and Th-228 in amounts equivalent to the secular equilibrium of the
thorium decay chain, that is, the Th-228-activity equals the Th-232-activity in any given
quantity of welding rod material. Table 2 lists the thorium isotope activities and relative
masses.

The half-lives of the two isotopes differ greatly and for Th-228 and Th -232 are approximately
1.91 years and 1.41x1010 years, respectively. Specific activities per unit mass of isotope are
given by:

)(
ln 2

MT
N

m
Aa A

��

where T = half-life, NA = 6.0225 x 1023 mol-1 and M = atomic weight. The specific activity
values for Th-228 and Th-232 are 3.039x1013 Bq.g-1 and 4.046x103 Bq.g-1, respectively.

Given the information of activity equality (A(Th-228)= A(Th-232)) in the thorium decay chain
under secular equilibrium conditions yields an isotope mass ratio for the two radionuclides of
m232/m228 = 7.511 x 109. Therefore the short-lived Th-228 represents only a minuscule mass
fraction of the natural thorium incorporated in the solid metallic tungsten welding electrode
material. The specific activity aTh(nat) per unit mass of natural thorium Th-232/-228 contained in
solid TWE matrix material can be determined and is 8092 Bq.g-1(Th-232/-228).
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Table 2 Thorium activities and relative masses present
Th-228 Th-232

Half life, years 1.91 1.41 1010

Specific Activity, Bq.g-1 3.04 1013 4.05 103

Isotope Mass ratio              1    compared to    7.5 109

             A1 and
A2 values

0.5 TBq and
0.001 TBq

A1 and A2
are "Unlimited"

 Similarly, the specific activity aTWE per unit mass of TWE material can be determined and is
given in Table 3 as a function of the ThO2-content of the welding electrode material.

Table  3 Specific activity per unit mass of electrode
ThO2 mass fraction contained
in tungsten welding electrodes
(TWE)

(%)

Specific activity aTWE per unit
mass of thoriated tungsten
welding electrode material

(Bq.g-1 of electrode)
1
2
3
4

71
142
213
284

The Th-232/-228-based activity inventory of a single thoriated tungsten welding rod with a
diameter of 3 mm, a length of 175 mm, a density of 18.8 g.cm-3 with a total weight of 23.2 g,
and a ThO2-content of 2 % weight, is then 3300 Bq.

The thorium dioxide (ThO2) is generally uniformly distributed within the solid metallic
tungsten matrix material. The melting and boiling points of the insoluble and chemically
highly-resistant thoriated tungsten welding electrode material are about 3400°C and 5650°C,
respectively. Thus, there is no conceivable transport accident event scenario resulting in
fracturing and aerosolization of metallic electrodes in the respirable aerosol size range under
mechanical and/or thermal accidental load conditions typically encountered in transport
incidents and accidents.

3.2.2 Shipping characteristics

The quantities and practices of shipping thoriated tungsten welding electrodes (TWE) in
packages diverse in size and shape vary significantly depending on the phase of transport from
the welding electrode producer to the end user. Larger quantities of thoriated welding
electrodes per consignment are generally found to be shipped, stored and handled at the front-
end of the producer-user distribution process, while smaller quantities prevail and are handled,
stored and displayed at the back-end of the supply and distribution process.

The smallest packaged quantities of thoriated welding electrodes available to the end-user are
typically small flat rectangular and cylindrical plastic containers holding about 10 and 100
tungsten welding rods, respectively. The net-weight per plastic container is approximately
0.4 kg and 2.5 kg. The shipments of thoriated welding electrodes in bulk at the front-end of the
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producer-user cycle vary depending on marketing factors and customer requirements, for
example, for retail, or end-user. Based on the information provided by a major German
producer, the quantities being shipped and handled are typically in the range from a few
kilograms to (less frequently) some hundred kilograms per consignment. The packagings in use
for distribution and delivery are generally strong cardboard boxes containing a few up to 80
kilograms (net weight) in small plastic containers. Thus, infrequently occurring bulk shipments
of a few hundred kilograms per consignment are characterised by comprising not more than 3 -
5 palletised strong cardboard boxes each weighing 80 - 95 kg (see for example, Figures 1 and
4). The dispatch and delivery of the tungsten welding electrodes by road in large delivery
vehicles (lorry) and - to the extent required - subsequently by rail and air, generally involves
commercial shippers.

3.2.3 Regulatory requirements

Table  4 lists the relevant regulatory requirements for natural and other forms of thorium.

Table 4 Regulatory transport requirements for thorium

Material and form restrictions Activity limits
(IAEA, TS-R-1, para 401)

(a) Type A packages
           Thorium (natural) A1 value     is   'Unlimited'

A2 value   is  'Unlimited'
(b) Excepted packages
           Manufactured instrument, item limit 10-2 A2     is   'Unlimited'
           Component package, limit A2                  is    'Unlimited'
           External surface of package, limit 5 �Sv.h-1

(c) Exempt consignment
           Activity limit 1 kBq

3.3 Lighting products containing thorium or krypton-85

A wide variety of lighting products, related components and similar devices which are in
current use, contain small quantities of radioactive substances. The information currently
available for Germany indicates that the main radionuclide applications in lighting devices and
related products include Kr-85, a noble gas, and solid natural thorium, i.e. Th-232 and Th-228,
the latter incorporated in solid tungsten electrodes as the primary form of application. In
addition, the radionuclides H-3 and Pm-147 are in use in lighting products from foreign
manufacturers/suppliers. Illustrative examples of a variety of commercially available lighting
products and related components in general use are shown in Figure 5 and include electron
tubes e.g. glow lamps, indicator lamps, glow switches (starters), voltage regulators etc., and a
range of energy efficient high intensity discharge light sources (HID), e.g. directional light
sources and special luminous products operated in light houses, car parks, at airports, cinemas,
for lithography, endoscopy etc. Electron tubes are found in many household appliances, such as
microwave ovens, electronic instruments and equipment, and other electronically powered
devices.
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3.3.1 Material characteristics
3.3.1.1 Thoriated lighting products

Thoriated electrode systems are in use internationally in various high performance and special
application lighting products. The thorium as a component part of the electrode system is
generally derived from naturally occurring sources and applied primarily in the form of
thoriated tungsten electrodes (ThO2) and can, less frequently, take the form of thorium (ThO2)-
coated tungsten, and thorium-mixtures (e.g. ThI4) depending on the type and application of the
light source. The radioactive thorium serves to enhance the reliability of ignition by reducing
the electron exit energy and the stability of the electric arc. Another advantage of the
application of thorium in lighting devices is an improvement in the metallurgical properties of
the tungsten electrodes. The estimated activity concentration per unit mass of natural thorium
containing the radionuclides Th-232 and Th-228 is approximately 8090 Bq.g-1 (Th-232/-228).

Information acquired from the manufacturing industry in Germany indicates that the quantity
of natural thorium in high performance lighting products is typically in the range of a few
hundred Bq with a reported average of about 500 Bq per unit and a maximum of about 10,000
Bq per unit. The Th-based activity concentration per unit mass of tungsten electrode material
incorporated in lighting devices is typically in the range from 30 - 200 Bq.g-1 (Weinmüller,
1996). The production volume of high performance and special application lighting products is,
however, by its very nature relatively limited. Specific data on the production volume or the
annual use and distribution were not available for this study; some estimates are given in
Appendix IV.

Table 5 provides an overview of the available information on typical quantities of radio-
activity in the form of naturally derived thorium, i.e. Th-232 and Th-228, contained in various
lighting products.

Table 5 Thorium activities in lighting products

Product category Th-232/228
activity contents

(Bq per unit)

Average Th-232/228 activity
concentration per unit mass of

electrode material
 (Bq.g-1)

Metal halide lamps 10 - 100
(max. 100)

100
(max. 1,000)

Xenon short arc lamps 100 - 1,000
(max. 3,000)

100
(max. 200)

Mercury short arc lamps 100 - 1,000
(max. 9,000)

100
(max. 1,000)

Th(nat) exemption level a) 10,000 Bq
per consignment

10 Bq.g-1

         a) Values include a factor of 10 according to No. TS-R-1 (ST-1, Revised), para. 107(e)



13

3.3.1.2 Krypton-85 in lighting and related consumer products

A radioactive noble gas, Krypton-85, is a widespread constituent included in the filling gas of
various lighting and related consumer products such as metal halide lamps, fluorescent lamp
starters (glow switches) etc. to produce ionization within the filling gas atmosphere (e.g.
Argon) in order to conduct an electric current. Quantities being used in selected lighting
devices are given in Table 6 below. Metal halide lamps contain typically quantities of Kr-85 up
to about 5000 Bq per unit with an average of about 1000 Bq per unit.

Fluorescent lamp starters contain Krypton-85 to ionize the starter filling gas. The starter works
basically as a switch which applies the voltage to the fluorescent tube after sufficient
preheating to allow the tube to conduct an electric current. Commercially available fluorescent
lamp starters (glow switches) contain on average about 150 - 250 Bq per unit of Kr-85,
although Kr-85 inventories in excess of 1000 Bq per unit can be excluded in practice. Many
millions of these devices are manufactured and distributed annually in EU Member States.

The volumetric Kr-85 activity concentration within the filling gas atmosphere is in the range of
about 1 to 20 MBq.l-1, based on manufacturer’s information. This range of values corresponds
to a Kr-85 radioactivity concentration per unit mass of filling gas of about 0.6 - 11.2 MBq.g-1

assuming argon (Ar) as filling gas (�(Ar) = 1.78 g.l-1).

Table 6 Krypton-85 activities in lighting products

Product category Kr-85 activity
contents

(Bq per unit)

Reported average Kr-85
activity concentration
within the filling gas

 (Bq.g-1)
Metal halide lamps 500 - 1,500

(max. 5,000)
approx. 106

Fluorescent lamp starters 150 - 250
(max. 1,000)

approx. 106

Kr-85 exemption level
(TS-R-1 (ST-1, Revised))

10,000 Bq
per consignment

105 Bq.g-1

3.3.2 Shipping and vehicle characteristics

The quantity of lighting products and related devices containing small quantities of radioactive
materials in the form of Kr-85 and thorium and being manufactured and distributed in
Germany varies widely depending on the marketing conditions and commercial requirements.
For example, the quantity of manufactured and distributed special application lighting devices
may be at the most a few tens of items annually up to many tens of millions of widely used
starters for fluorescent lamps. Consequently, shipments in bulk of lighting products and related
devices may take the form of several palletised single units of special high performance light
sources up to many thousands of packaged small starters per consignment depending on the
phase of transport within the complex production-distribution system for lighting products.
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This study concerns primarily the potential radiological impact of bulk shipments of consumer
products including lighting devices and, thus, the focus in this study is on shipments from
manufacturers/suppliers of lighting products to a distribution centre where bulk shipments are
most likely to be the predominant form of transport and distribution.

Shipment of lighting products is generally by road using large lorrys at this stage of the
transport and distribution process. A typical vehicle load comprises generally several pallets
(1.6 m x 1.2 m) with 20 to 40 cardboard packages depending on the type and size of product.
The number of items contained in each cardboard package (approximate size 20 cm x 20 cm x
15 cm) can vary significantly and may range from one large special purpose lamp up to
numerous smaller items each packaged appropriately to provide protection against potential
shock and crush forces during transport (see Figure 2). The inner packages are generally ready-
for-sale multi-layered protective cardboard boxes including spacing elements holding one
single item of the fragile lighting product. Shipping arrangements of metal halide lamps and
electric arc lamps typically include at the most some tens of individually cardboard-packaged
lamps. Other lamp types such as mercury vapour lamps, however, may be shipped in larger
quantities per consignment.

3.3.3 Regulatory requirements

The regulatory requirements for thorium are given in Table 4. For Kr-85 the requirements are
listed in Table 7.

Table 7 Regulatory transport requirements for Kr-85

Material and form restrictions Activity limits
(IAEA, TS-R-1, para 401)

(a) Type A package
        Gaseous form

A1 value             1 x 101 TBq
A2 value        1 x 101 TBq

(b) Excepted package
      Manufactured instrument, item limit
       Component package, limit

External surface of package, limit

10-3 A2       1 x 101 GBq
10-2 A2           1 x 102 GBq

5 �Sv.h-1

(c)  Exempt consignment
       Activity limit 10 kBq

3.4    Incandescent gas mantles containing thorium

Incandescent gas mantles (IGM) containing thorium have been in use for indoor and outdoor
lighting for many years and are commercially available in a variety of designs and sizes.
Thorium-based incandescent gas mantles consist generally almost entirely of the oxides of
natural thorium (approx. 95%) with compounds of magnesium, aluminium, caesium and
beryllium. To function properly the gas mantle must be heated to a temperature of about
2000°C, which causes the thorium oxide in the gas mantle to incandesce or glow.

From the information made available by the IGM production industry, current primary fields of
application of IGMs are street lighting for communities, railway signal lights, buoy lights and
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portable lanterns. Some German cities, e.g. Berlin and Düsseldorf, are known to maintain some
street-lighting based on gas and thus a small production capacity is being maintained in
Germany. IGMs for street lighting applications are manufactured according to the technical
standards of DIN 5042. A so-called “hard” incandescent gas mantle mounted on a ceramic
spacer element for street lighting applications is shown in Figure 3 and is typically 2 cm in
diameter and approximately 2 - 2.5 cm long.

The production volume in Germany has been estimated to be in the range of half a million
thorium-based gas mantles annually, although there is a tendency to replace the radioactive
thorium (primarily Th-228 and Th-232) by yttrium, a non-radioactive substance.

In the past thorium was used exclusively in the manufacture of gas mantles but this practice has
been discontinued in most European countries. The compound now used for the majority of gas
mantles is based on yttrium, a non-radioactive element. Thorium-based gas mantles are
understood to be produced in both India and China, amongst Far Eastern producer countries,
with some quantities going for export. It is not currently known if this latter includes export to
Europe. Considerable higher production volumes of thorium-based IGMs are reported to exist,
however, in the United States (NUREG 1717 (Draft), 1999), amounting to some 50% of a total
production of about 50 million units annually. Of the two largest producer/US-importers of gas
mantles into the UK, neither had provided thorium-based gas mantles for several years,
although aware of the Far East producers. This and other relevant information suggests that
thorium-based gas mantle usage within Europe is small in comparison with the yttrium-based
gas mantles.

3.4.1 Material and shipping characteristics

Thorium-based incandescent gas mantles (IGM) generally contain primarily natural thorium in
the form of thorium oxide (ThO2) and smaller fractions of other metallic constituents. Gas
mantles intended for use with portable lamps were produced by dipping a fabric net into a
thorium/cerium nitrate (10 to 1 ratio) solution, drying it, and packing the dried flexible unit (so-
called "soft" gas mantles) into a small flat package. When first installed into a lighting unit and
the gas supply ignited, the fabric was burnt off, the nitrate was converted into the oxide form
and the unit was rendered much less flexible. The thorium oxide retained the shape of the
formed fabric but without the original flexibility and quite light touches would destroy the
thorium oxide shape, releasing it as a powdered oxide dust.

 “Hard” gas mantles are mounted onto a ceramic collar and used in some areas for municipal
street lighting (Figure 3); these mantles have been pre-fired before leaving the factory.

Based on IGM manufacturer information, the quantity of thorium oxide contained in European
produced gas mantles varies depending on the gas mantle size and design and is typically in the
range from about 0.03 to 0.36 g (ThO2) per gas mantle and approximately 0.21g (ThO2) per
unit for street lighting applications (Table 8). These values are broadly consistent with US-
based information presented elsewhere (NUREG-1717) and correspond, based on a mass-



16

specific activity of naturally derived Th-232 and Th-228 of 8092 Bq.g-1 (Th-232/-228) 2, to
about 210 to 2560 Bq per IGM unit and about 1500 Bq for street lighting gas mantles.

These values refer to the natural thorium initially present in newly produced gas mantles. The
activity content generally increases with time due to the build-up of thorium daughters that
may be present in significant amounts after some months. The alpha and gamma radiation
associated with the thorium decay and build-up and decay of its daughters may represent an
external radiation hazard close to the surface of the gas mantle. The daughter radionuclides and
in particular its volatile components are generally released during the initial firing and thus
present a potential source of an inhalation hazard to the user.

The packing and shipping characteristics of incandescent gas mantles vary significantly
depending on the phase of transport within the producer-user distribution process (e.g.
producer, retailer, user etc.) and the marketing conditions (e.g. customers needs). In the
following section, the packing and shipping information currently available for IGMs is
summarised with emphasis on bulk transport conditions typically encountered at the early stage
of the producer-user distribution process.

Finished incandescent gas mantles containing thorium are generally packaged and distributed
similarly to ordinary consumer products. The fragile nature of hard incandescent gas mantles
and the associated ceramic collar, however, requires careful packing to minimise potential
damage of the consumer product during transport and package handling operations. Hard IGMs
are generally packed and protected by a cylindrical shell-type cardboard holder (Figure 3)
having a diameter of 1.5 - 4 cm and a length of 2 - 5 cm. The protective cardboard holders, of
IGMs in use for municipal street lighting applications, are boxed into small rectangular
aluminium containers holding and securing up to 100 thoriated gas mantles.

For the bulk transport and delivery of gas mantles for street lighting purposes to commercial
end users (e.g. municipal users) up to 30 rectangular aluminium containers are combined into
large wooden overpacks (L x W x H: 100 cm x 80 cm x 80 cm). The largest overpacks contain
up to 3000 thoriated incandescent gas mantles, this corresponds to a maximum package
thorium activity inventory of about 4500 kBq per overpack. The largest bulk consignments
being despatched at this stage of the transport and distribution process are limited in practice to
not more than 4 wooden overpacks or 18 MBq.

Transportation by road from the gas mantle producer to commercial end users by large lorries
or delivery vans is the predominant shipping mode. The annual number of bulk shipments,
each of up to four large wooden overpacks, is generally less than 30 movements per year.

                                                          
2 Newly produced natural thorium contains the isotopes Th-228 and Th-232 in quantities equivalent to the secular
equilibrium of the thorium decay chain, i.e. the Th-228 activity equals the Th-232 activity in any given quantity of
naturally derived thorium (cf. NRPB 1992). The specific activity a (Th-228/-232) per unit mass of natural thorium
is then given by the relationship :

a (Th-228/-232) =  A(Th-228/-232)/m(Th-228/-232)= 2xA(Th-232)/m(Th-232)
The latter term is approximately 2 x a (Th232). Given the mass-specific activity a (Th-232) = 4046 Bq.g-1 for
Th-232 results in a mass-specific activity of naturally derived thorium-228/-232 of 8092 Bq.g-1 (Th-228/-232).
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Table 8 Thorium-based incandescent gas mantle (IGM),
                        transport package and bulk consignment characteristics

Parameter Street lighting
gas mantles

Other gas mantles incl. rail,
buoy and lantern lights

ThO2 content per IGM

Th-232/-228 activity a) per IGM

0.21 g(ThO2)

1490 Bq

0.03-0.36 g(ThO2)

210-2560 Bq

Typical large transport package
Th-232/-228 activity inventory
(approx. 3000 IGMs)

Large bulk consignment activity
inventory (max. 4 overpacks per lorry)

4500 kBq

max. 18 MBq

---

---

a)   Activity attributable to Th-232 and Th-228

4. Occupational and public radiation doses arising from transport operations

This chapter examines and describes the resultant occupational and public radiation exposures
arising from the transport operations involving bulk shipments of consumer products
containing small quantities of radioactive material based on the information on material and
shipping conditions presented in the previous chapters.

Radiation exposures of transport workers and members of the public may arise from both
normal transport of radioactive materials and transport incidents and accidents involving
radioactive material shipments. Radiation exposures from normal transport result from the low-
level radiation emitted from the radioactive material package during the preparation, loading
and handling of a radioactive material package or during its journey in the public domain.
Transport incidents and accidents may occur for a number of reasons with different outcomes
which may or may not involve a release from a package containing radioactive material and the
subsequent radionuclide uptake by persons and/or the contamination of the environment. The
magnitude and frequency of the possible exposure incurred individually, by a transport worker
or member of the public, depends on a number of factors, amongst which are the package
radiation field intensity, the shipping and handling conditions, the number of vehicle
movements on a given path of travel of radioactive material consignments, the accident-related
radioactive package release and the environmental conditions at the site of the transport
incident or accident.

Criteria have been established relating to package design and testing, package radiation and
contamination levels, exempted materials and the radiological impact arising from the transport
of radioactive material. Package radiation measurements and assessed doses given below have
been related to the relevant established criteria.
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4.1 Radiological protection criteria for the transport of radioactive materials
4.1.1 IAEA Safety Standards

The IAEA Regulations for the Safe Transport of Radioactive Materials (TS-R-1 (ST-1,
Revised), 1999) include provisions relating to the protection of workers, the public and the
measures to be taken to ensure an adequate standard of safety in respect to transport, including
the following paragraphs:
"305. For occupational exposures arising from transport activities, where it is assessed that

the effective dose:
(a) is most unlikely to exceed 1 mSv in a year, neither special work patterns nor detailed

monitoring nor dose assessment programmes nor individual record keeping shall be
required;

(b) is likely to be between 1 and 6 mSv in a year, a dose assessment programme via work
place monitoring or individual monitoring shall be conducted:

(c) is likely to exceed 6 mSv in a year, individual monitoring shall be conducted.

306. Radioactive material shall be segregated sufficiently from workers and from members
of the public. The following values for dose shall be used for the purpose of calculating
segregation  distances or radiation levels:

(a) for workers in regularly occupied working areas a dose of 5 mSv in a year;
(b) for members of the public, in areas where the public has regular access, a dose of

1 mSv in a year to the critical group."

In addition, activity concentrations for exempt materials and activity limits for exempt
consignments are given in Table 1 of the IAEA Transport Regulations, and extracts have been
included in Section 3 of this report, in the descriptions of specific materials included in this
study.

The IAEA Regulations for the Safe Transport of Radioactive Materials (TS-R-1 (ST-1,
Revised)) are given force for rail and road within the EU through the 'International Regulations
concerning the Carriage of Dangerous Goods by Rail' (RID) and the European Agreement on
the 'International Carriage of Dangerous Goods by Road' (ADR). The European Commission
has transposed the ADR and RID Agreements into Directives (94/55/EC) and (95/50/EC).
Application of and assuring compliance with the IAEA Transport Regulations is deemed to
satisfy the safety principles of the International Basic Safety Standards (BSS), IAEA 1996.

One of the IAEA general principles for exemption of practices giving rise to exposure to
radiation including the transportation of consumer products containing small quantities of
radioactive materials is that the radiation risks to individuals be sufficiently low as to be of no
regulatory concern.

IAEA Safety Series No. 115; International Basic Safety Standards, (1996) states:

"A practice or a source within a practice may be exempted without further
consideration provided that the following criteria are met in all feasible situations:
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(a) the effective dose expected to be incurred by any member of the public due to the
exempt practice or source is of the order of 10 �Sv or less in a year, and
(b) either the collective effective dose committed by one year of performance of the
practice is no more than 1 man Sv or an assessment for the optimization of protection
shows that exemption is the optimum route."

4.1.2 Council Directive 96/29/EURATOM of 13 May 1996
    (Euratom Basic Safety Standards)

Regulatory controls embodied in Article 3 ["Reporting and Authorization of Practices"] of the
Council Directive 96/29/EURATOM of 13 May 1996 (Euratom Basic Safety Standards) for the
protection of the public are similar to those in the IAEA Basic Safety Standards, as follows :

Title III 'Reporting and Authorization of Practices'; Article 3 'Reporting'

2. No reporting need be required for practices involving the following:

(a) radioactive substances where the quantities involved do not exceed in total the
exemption values set out in column 2 of Table A to Annex I or, in exceptional
circumstances in an individual Member State, different values authorized by the
competent authorities that nevertheless satisfy the basic general criteria set out in
Annex I; or

(b) radioactive substances where the concentrations of activity per unit mass do not exceed
the exemption values set out in column 3 of Table A to Annex I or, in exceptional
circumstances in an individual Member State, different values authorized by the
competent authorities that nevertheless satisfy the basic general criteria set out in
Annex I;

[Columns 2 and 3 of Table A to Annex I, Council Directive 96/29/Euratom, have the
same values as Columns 4 and 5 of Table I of the IAEA Transport TS-R-1 Regulations]

Annex I of the Directive
Criteria to be considered for the application of Article 3

2. The basic criteria for the calculation of the values in Table A, for the application of
exemptions for practices, are as follows:
(a) the radiological risks to individuals caused by the exempt practice are sufficiently
low as to be of no regulatory concern. …………….

3. Exceptionally, as provided in Article 3, individual Member States may decide that a
practice may be exempt where appropriate without further consideration, in accordance
with the basic criteria ...... provided that the following criteria are met in all feasible
circumstances:

(a) the effective dose expected to be incurred by any member of the public due to
            the exempted practice is of the order of 10 �Sv or less in a year; and

 (b) either the collective effective dose committed during one year of performance
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                        of the practice is no more than about 1 man  Sv or an assessment of the
                        optimization of protection shows that exemption is the optimum option.

4.1.3 Basic assumptions for dose and risk criteria arising from accidental
 exposures CEC RP 65 Doc. XI-028/93, (as Appendix V of this report)

Individual risk criteria for low probability events are stated in Appendix V from EC
Publication Radiation Protection - 65 (1993), based on an accident rate of 10-2 per year, or, one
such event every hundred years. Dose criteria are derived for individual dose per event for
public and workers, amounting to 1 mSv.

Evidence to date is limited to transport periods of up to 50 years but such events that have
occurred have not so far repeated in the same locations nor for the same individuals.

4.1.4    Application of criteria

For radiological protection in transport of any type of radioactive material including consumer
products it is important to recognise that the package radiation level and package contents are
limited to levels allowed under the Transport Regulations; but experience indicates that most
radioactive material packages have radiation dose rates and radionuclide inventories well
below the regulatory limits (e.g. Lange et al. 1998, Raffestin et al. 1998).

The principal spatial distribution of the package dose rate as a function of distance from the
package centreline is illustrated in Figure 6. It should be noted that the radiation dose rate, of
packages in wide use for the transport and distribution of consumer products containing small
quantities of radioactive substances, is limited to 5 µSv.h-1 at the external package surface (an
excepted package). The radiation level around a radioactive material package having this
characteristic drops off rapidly with distance from the package and is generally in the range of
0.1 µSv.h-1 or below at a distance of less than 1 m from the package surface (Figure 6).

The occupational and public radiation exposures resulting from transport and distribution
operations involving radioactive consumer products may, for assessment purposes, be broadly
categorised as static and transient exposures. Exposures arising from stationary (or fixed)
radiation source-receptor configurations are referred to as static, those arising from a moving
(or non-fixed) radiation source-receptor configuration are transient. Typical examples of static
and transient exposures are radiation exposures incurred by the vehicle driver during the
movement of a radioactive material consignment from the point of manufacture to the final
destination and for a resident/passer-by along the pathway of travel of a radioactive material
shipment. The information presented in Figure 7 (static exposure) and Figure 8 (transient
exposure) provides an indication of the magnitude of the resultant radiation dose for a
resident/passer-by being exposed statically and transiently to radiation emitted by a stationary
and moving radiation source on a publicly accessible road. The transient dose from a moving
radiation source tends to be significant lower than the static dose per event, for example, from
exposure to a radiation source while stopping at traffic lights.

This information forms the principal basis for the transport-related dose assessment of workers
and the population presented in this study for normal conditions of transport thereby providing
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guidance as to the potential radiological impact that may be associated with the bulk
transportation of low-level radioactive consumer products in EU Member States. The
estimation of the occupational and public radiation dose has generally been based on
considering hypothetical individuals or groups of individuals (critical groups) with assumed
working and living habits resulting in conservative dose estimates, i.e. occupational and public
radiation doses which will most likely not be exceeded under realistic working and living
conditions.

4.2 Normal transport radiation dose assessment

Measurements of dose rates from the four groups of materials considered in this study have
been made where practicable and assessments of dose received are largely based on those
measured values.

4.2.1 Ionisation smoke detectors
Measurements on a pallet holding 1440 ionisation smoke detectors

A pallet, 1.2 m wide, 1.3 m long and loaded 0.9 m high, contained 1440 smoke detectors and
packaging, each item of 18.5 kBq activity, corresponding to 27 MBq in total.

An adjacent store room held partially emptied pallets from which differing types of ionisation
and non-ionisation smoke detectors and other house-hold alarm packages could be selected
from stock as required by dealers. Holdings stretched about 10 pallets along this store and
some 4 pallets high. Ionisation smoke detectors were stated to be held in 12 to 15 pallets.

A high-sensitivity, large-diameter sodium iodide crystal and scintillation counter was used for
these low-level measurements.

Table 9 Dose rates around a pallet of 1440 ionisation smoke detectors

Distance from single pallet Dose rate
At pallet surface 0.001 to 0.007��Sv.h-1

at 1 m 0.001 ��Sv.h-1

Distance from multiple pallets
At pallet surface 0.003 to 0.009 ��Sv.h-1

1 m from multiple pallets 0.001 ��Sv.h-1

Measurements on unassembled smoke detector sources and ion chambers

Deliveries of imported Am-241 sources and ion chambers arrive in the UK at two-week
intervals. Consignments ranged from 20 to 50 boxes, each box an 0.4 m cube and holding 500
sources. Each source was 18.5 kBq, a total of 9.25 MBq per box or up to 0.46 GBq for a 50
box consignment. Fifty boxes, about 3 m3, corresponds to two pallets in size, as described
above. Measurements were made on a stack of boxes, a 2 x 3 array flat on a bench top. Table
10 lists the radiation monitoring results.
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Table 10 Dose rates as a function of distance from a 3 x 2 package array

Distance from array Dose rate
At array surface 0.2 ��Sv.h-1

at 1 m 0.03 ��Sv.h-1

at 3 m 0.009 ��Sv.h-1

Assessed doses based on measured dose rates
Pallet delivery

A vehicle driver, delivering a single pallet twice a week, is assumed to be exposed for up to
2 hours a week but not when returning empty to the depot. This amounts to a maximum annual
exposure time of 100 hours. Assuming a fixed separation between the driver and a single pallet
at 1 m for the duration of all journeys, the annual effective dose is 0.1 µSv. The vehicle was
observed to be carrying several pallets of other non-ionising alarm systems as well as the
smoke detector pallet. The driver took no part in removing pallets which were moved by fork
lift-truck factory staff, separated by at least 1 m from a pallet during off-loading.

The dose rate of 0.009 µSv.h-1 at 3 m (Table 10) can be applied to the case where a loaded
vehicle pauses at the same spot during its weekly journey for up to 3 minutes on a hundred
occasions in a year. A member of the public is assumed to occupy a location at this position
and the resulting dose is 0.045�µSv per annum. The exposures arising from a moving vehicle
are considerably less, times of passage resulting in seconds of exposure per passage compared
to minutes for the static situation.

Import van delivery
A consignment of 50 boxes, each 0.4 m cubic, would amount to a stack 4 x 4 x 3 high (3 m3).
Each box of 500 sources and ion chambers weighed only a few kilograms and manual handling
during loading would normally apply. Once a fortnight, a delivery of up to 50 boxes is off-
loaded from an aircraft and into a vehicle capable of holding up to 3 or 4 m3, the approximate
size of a consignment. This is a medium-sized van, typically 6 m long, 2 m wide and 2.5 m
high, used for many small and medium-sized package loads of up to a few cubic metres size.

Delivery is to a storage depot some 4 hours driving time from the airport. Travel is largely by
motorway except for the final 10 to 15 kilometres. Driving time, once a fortnight, corresponds
to 4 hours, 25 times a year, with several different drivers involved. It is assumed that any one
driver is unlikely to undertake more than half these journeys, a total driving time of some
50 hours a year.

The separation between driver and stacked packages is 1.5 m. Annual exposure during
transport is less than 1 µSv whole body, and during a 1 hour loading period repeated 25 times,
dose to extremities is less than 5 µSv.

For static exposure, the 3 m dose rate is 0.009 µSv.h-1 to a member of the public, for 3 minutes
on 25 occasions in a year, resulting in 0.01 µSv, with the passing vehicle giving rise to
exposure periods which are an order of magnitude less.
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Assessed driver dose from theoretical consideration
During normal operations, the lorry driver will receive an external dose from the smoke
detectors. This is calculated assuming the pallet is a 1 m2 object with a uniform activity.  The
exposure time is assumed to be 100 hours per year. Am-241 decays by alpha emission to Np-
237 with a half-life of 432.2 years, the highest yield gamma ray has energy of 59.5 keV. Any
calculated doses will be trivial.

4.2.2 Thoriated tungsten welding electrodes

Measured package radiation dose rates at the external surface and at 1 m from the external
surface are available for a number of tungsten welding electrode shipping arrangements
typically encountered in the supply/distribution and transport of thoriated tungsten welding
electrodes and are given in Table 11. The given radiation dose rate values are below the
maximum permissible dose rate of 5 µSv.h-1 for excepted packages.

Table  11 Gamma radiation levels of packages and arrangements of packages
containing thoriated tungsten welding electrodes

Package arrangements Maximum radiation level
(µSv.h-1)

External package or
pallet surface

at 1 m from external
surface

Cardboard box (approx. 15 kg) < 2.3 < 0.25

Cardboard box (approx. 80 kg) < 3.6 < 0.25

Pallet holding 6 cardboard boxes
(max. net weight approx. 480 kg)

  < 4.4  < 0.25

The dose assessment for shipments of thoriated tungsten welding electrodes in bulk presented
below has been based on a conservative transport and handling scenario. The calculations
assume that a large single package or a pallet holding up to about 6 cardboard packages of
welding electrodes and weighing up to 500 kg are being handled and shipped by a commercial
shipper three times a week; this corresponds to a total of about 150 consignments of large-
quantity electrode shipments annually which is unlikely to be exceeded in practice. Similarly,
the exposure time of an individual lorry driver involved in the receipt, loading, handling,
unloading and delivery of bulk consignments at the final destination and involving auxiliary
lifting equipment (average separation distance from package/pallet approximately 2 m) is
unlikely to exceed more than 10 minutes per consignment in close proximity to the package.
The assumed travel and exposure time may be up to 8 hours per journey.

The radiation level of all consignments was conservatively assumed to closely approach the
surface dose rate limit of 5 µSv.h-1 for excepted packages. The separation distance between the
drivers seat and the bulk consignment during carriage has been taken to be 4 m, this is
consistent with the assumption of a unshielded maximum driver’s cabin dose rate of about
0.015 µSv.h-1 (Figure 6). The maximum radiation level at 2 m from the pallet surface is
assumed to be about 0.05 µSv.h-1 (see Figure 6).
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The accumulated radiation dose incurred by a specific commercial lorry driver has been
estimated to be about 0.25 µSv.y-1 (=0.05 µSv.h-1 x 10/60h x 150 consignments.y-1 x 20%) and
3.6 µSv.y-1 (=0.015 µSv.h-1 x 8h x 150 consignments.y-1 x 20%) for the handling operations
and exposures arising during the journey, respectively, based on reasonable, but conservative
assumptions on the handling and transport conditions of bulk shipments of thoriated welding
electrodes and involving on average at least five different drivers, i.e. a fractional exposure
time of 20 percent. Thus, the conservatively estimated total occupational commercial lorry
driver radiation dose arising from the transport and handling of thoriated welding rods amounts
to about 4 µSv per year.

The radiation dose to members of the public from external exposure has conservatively been
estimated for hypothetical residents (critical group) living in close proximity to the lorry route
of thoriated welding electrode shipments and being routinely exposed transiently during the
passage of a shipment with radiological characteristics as described above and statically when
the transport vehicle stops. The resident’s dose assessment from transient exposure to bulk
electrode shipments is assumed to reflect the cumulative impact of all bulk shipments
(150 shipments annually) passing by in close proximity (source-receptor distance: 5 m) at a
velocity of 30 km.h-1.

Based on the transient radiation dose estimates presented in Figure 8 the annual radiation dose
accrued by unshielded individuals at a separation distance of 5 m from all bulk shipments
amounts to 0.0005 µSv per year (2.9 x 10-6 µSv x 150 per year). For larger separation distances
the resulting doses are significantly lower. Similarly, the radiation dose of a road-side resident
from static exposure to a radioactive material shipment during the halt of a transport vehicle in
front of an unshielded individual, e.g. while stopping at a traffic light, may be taken into
account. From Figure 8 it is seen that the estimated dose of a hypothetical individual being
exposed to a radioactive material consignment with radiological characteristics as defined
above while stopping at a distance of 5 m from a person for three minutes per stop is
0.00027 µSv. If it is conservatively assumed that an individual is exposed periodically by
chance to one out of four shipments travelling on the transport link, i.e. 25 percent of the total
annual number of bulk consignments, then the accumulated annual radiation dose of a person is
about 0.01 µSv per year (2.7 x 10-4 µSv x 25% x 150 consignments.y-1).

The conservatively estimated total radiation dose of hypothetical members of the public living
in close proximity to the path of transport of radioactive electrode bulk shipments, e.g.
residents or passers-by, and being exposed transiently and statically would amount to about
0.01 µSv annually. This external radiation dose represents an insignificant fraction of the
average natural radiation exposure of the population of about 2400 µSv per year in Germany
and is also a minuscule fraction of the applicable dose limit or action level.

4.2.3 Lighting products containing thorium and krypton-85

Based on information provided by the lighting manufacturing industry, the radiation levels at
the external surface of transport packages, consignments and vehicles carrying lighting
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products and related luminous devices, are generally well below 0.1 µSv.h-1 and, hence,
indiscernible from the natural background radiation level in Germany (BfS 1997, Will et al.,
1997) of about 0.07 - 0.2 µSv.h-1. These principal findings are consistent with the results of an
effort undertaken to assess the distribution of the radiation dose rate around a shipping array,
e.g. on a pallet of lighting products containing small quantities of Th-232 and Th-228. The
calculated radiation dose rate results are depicted in Figure 9 and present the radiation dose rate
versus distance from palletised bulk shipments of thoriated lighting products in cardboard
packages, varying in size, design and product type. For the calculations, arrays of stacked items
on a pallet were taken to range from a few tens of packed high intensity light sources for
special applications to about 5000 packed small-size metal halide lamps containing 50 - 500 Bq
of Th-232/-228 per unit. It is seen from Figure 9 that the predicted radiation dose rates of
palletised bulk shipments of thoriated lighting products, with radiological characteristics
described previously, are typically in the range from 0.0005 - 0.001 µSv.h-1 and 0.0001 -
0.0002 µSv.h-1 at a distance of 1 to 2 m and 3 to 4 m from the external pallet surface,
respectively. Typical radiation dose levels of consignments of lighting products containing
small quantities of Kr-85 tend to be even lower than the values given for thoriated lighting
devices.

The working conditions and related exposure times of the workers involved in the transport and
handling operations of bulk shipments of lighting products and coming in close proximity to
such shipments within the production and distribution system differ significantly between
individual workers involved. Based on information provided by the German lighting industry,
most operations at the stage of transport and handling of bulk shipments of low-level
radioactive lighting products, i.e. loading, preparation for dispatch, unloading and receipt of
lighting products in the early phase of the established production-distribution-system, require
the use and application of lifting and other auxiliary equipment. Also, from details of the
various duties involving different staff members, it has been concluded that the duration of
exposure, to external radiation of workers from transport and handling operations performed
close (1 - 2 m) to bulk shipments of low-level radioactive lighting products, is unlikely to
exceed 400 hours annually.

Adoption of this value as an upper-bound limit for the annual time of exposure of a transport
worker provides a resultant occupational worker/handler dose from external exposure to
gamma radiation of about 0.4 µSv per year (= 0.001 µSv.h-1 x 400 h) based on a radiation level
of approximately 0.001 µSv.h-1 at a distance of 1 - 2 m from the external surface of a palletised
bulk consignment of low-level radioactive lighting products (Figure 9).

Similarly, during the carriage of bulk shipments of lighting products and related lighting
devices, the general working conditions of a transport vehicle driver giving rise to exposure to
radiation are limited in scope and extent. Two important factors are: first that a vehicle cargo
loaded in the early phase of the established lighting product production-distribution system
comprises both “radioactive” and “non-radioactive” palletised consignments and second that
these shipments are carried by commercial carriers with different drivers being involved.
Although the time of exposure is difficult to quantify precisely under these conditions of
transport, from the information obtained from the lighting manufacturing industry it has been
concluded that the working conditions of a lorry driver result in times of exposure unlikely to
exceed 800 hours annually when exposed to radiation from low-level radioactive bulk lighting
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product shipments being placed in close proximity to the drivers cabin; these conditions of
transport would broadly correspond to undertaking two shipments per week each requiring
about 8 hours of travel by a specific road vehicle driver.

The dose assessment has been obtained by adopting this working pattern for a hypothetical
lorry driver who is routinely involved in the transport/distribution of lighting products
including low-level radioactive items. Assuming a minimum separation distance of about 3 -
4 m between the driver's cabin and the radioactive material, results in a conservative dose
estimate for a lorry driver of less than 0.2 µSv.y-1 ( ~0.0002 µSv.h-1 x 800 h.y-1).

The estimated occupational radiation doses from external exposures associated with the
transport and distribution of bulk shipments of low-level radioactive lighting products for both
categories of transport workers, i.e. handlers and lorry drivers, represent an insignificant
fraction of the annual radiation dose from natural background radiation and are also well below
any applicable dose limit or action level.

The potential doses to members of the public from external exposure to radiation arising from
bulk consignment transports of low-level radioactive lighting products have been estimated -
similarly to the assessment approach described in the previous section - by accounting for both
static and transient exposure from shipments of radioactive materials while moving or stopping
on the path of travel through a residential area.

For public dose assessment it is conservatively assumed that the number of vehicle movements
on publicly accessible roads is about one transport per working day (e.g. close to a major
production site or distribution centre) each comprising a bulk consignment of lighting products
stacked with up to 20 pallets per lorry trailer and having radiological properties as described
above. Then the radiation dose to the public can be quantified as follows. The transient
radiation dose of a hypothetical (unshielded) individual at a separation distance of 5 m and
exposed to all shipments travelling at a speed of 30 km.h-1 totals to approximately 0.00015
µSv.y-1  (=2.9 x 10-6 µSv x 0.001/0.1 x 250 x 20 consignments.y-1) based on the exposure data
for a moving radiation source given in Figure 8 and normalising to the consignment radiation
level typically encountered in lighting product transport. The static radiation dose from
unshielded exposure of a resident/ bystander along the lorry route from these shipments
amounts to about 0.0033 µSv.y-1 (=2.7 x 10-4 µSv x 0.001/0.1 x 250 x 20 consign.y-1 x 25%)
based on the exposure data for fixed radiation sources presented in Figure 7 and the assumption
of being exposed to 25% of all shipments while stopping at a separation distance of 5 m for
about three minutes per stop.

The conservatively estimated total radiation dose to a hypothetical member of the public living
in close proximity of the path of transport of low-level radioactive lighting products is then less
than about 0.004 µSv per year; radiation doses of this magnitude represent a minuscule fraction
of any applicable radiation dose limit or action level and are radiologically insignificant.

4.2.4 Incandescent gas mantles containing thorium

The dose estimates presented below for occupational and public exposures relating to the
transport and handling of bulk shipments of incandescent gas mantles in use for municipal
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street lighting and other commercial applications are based on the information and radiological
characteristics given in the preceding chapters and are most representative for the currently
most significant field of thoriated gas mantles.

For the purpose of this study measured package radiation levels were made available by the gas
mantle production industry for a large wooden overpack having a size of about L x W x H: 100
cm x 80 cm x 80 cm and containing approximately 3000 thorium-based incandescent gas
mantles for street lighting applications boxed into small aluminium containers.  Results from
the package monitoring are summarised in Table 12 in terms of the maximum gamma radiation
dose rate of the package.

It is to be noted that the maximum gamma radiation level at 1 m from the package surface is
below the enhanced background radiation dose rate at the monitoring location. Vehicle dose
rates were not readily available for the study but are reportedly generally well below the
ambient background radiation level of about 0.07 - 0.2 µSv/h.

Table  12              Measurements around a gas mantle overpack
Location of consignment

measurement
Maximum measured dose rate

µSv.h-1

Package surface

At 1 m from package surface

0.9 - 1.2 µSv.h-1

      0.24  µSv.h-1 a)

a)   Value corresponds to background radiation level in the gas mantle storage area

The standardised packages/overpacks in use for bulk shipments of thoriated gas mantles are
handled and shipped like ordinary cargo; but the size and weight of these packages require the
use and application of lifting and handling equipment for transport thereby minimising close
manual handling by staff workers during loading and preparation for despatch. For the dose
assessment presented below the number of bulk IGM shipments was taken to amount to 100
transports annually by road, each transport comprising up to four large standard overpacks (two
on average). This number is understood to be a reasonable upper-bound value not to be
exceeded in reality. The time required by operators for preparation, loading and securing of a
bulk consignment of up to four standard packages/overpacks is generally limited and,
consequently, the time of exposure close to packages is  not expected to exceed 10 minutes per
consignment.

The external gamma radiation dose rates of standard large-size packages/overpacks have been
assumed consistent with the available package radiation monitoring data and to be in the range
of about 1 µSv/h and 0.02 µSv/h at the package surface and at a separation distance of about
1.5 - 2 m from the external package surface, respectively.

Based on these working and exposure conditions, a transport worker’s (handler) effective dose
arising from external exposure to radiation during the handling operations, i.e. preparation,
loading and securing of bulk shipments of thoriated gas mantles, is unlikely to exceed a dose
value of about 0.7 µSv per year (0.02 µSv.h-1 x 10/60h x 100 consignments.y-1 x 2 packages).
Similarly, a non-commercial lorry driver exclusively involved in the transport and distribution
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of thoriated gas mantle shipments would be unlikely to incur a radiation dose from external
exposure in excess of 4 µSv annually based on a corresponding radiation level of
approximately 0.005 µSv.h-1 in the drivers cabin and an assumed occupancy time up to about 8
hours per journey (0.005 µSv.h-1 x 100 consignments.y-1 x 8 h).

A conservative total of 100 bulk shipments per year has been assumed for estimation of the
potential radiation dose of members of the public being exposed transiently and statically to
bulk shipments along a major lorry route.  The transient radiation dose of a hypothetical road-
side individual, e.g.  a resident or bystander of a major lorry route at a separation distance of 5
m from the radioactive material consignment, being exposed to all shipments travelling at a
speed of 30 km.h-1, is less than 0.0001 µSv annually (2.9 x 10-6 µSv x 0.01/0.1 x 100
consignments.y-1 x 2 packages). The estimated dose for a road-side individual from static
exposure to a 25% fraction of consignments during a traffic-related stop time of three minutes
amounts to 0.006 µSv annually (2.7 x 10-4µSv x 0.01/0.1 x 100 consignments.y-1 x 2
packages).

The estimated total dose to a member of the public, from bulk consignments of thoriated gas
mantles on a major lorry route, is less than 0.007 µSv per year. This value of radiation dose is
clearly below the natural radiation exposure of about 2400 µSv.y-1 in Germany and represents a
minuscule fraction of any applicable radiation dose limit or action level.

4.2.5 Summary of occupational and public exposures resulting from bulk
            shipments of consumer products

The previous sections of this chapter provide conservatively estimated exposures of workers
and members of the public from the bulk transport of major consumer products for routine
(accident-free) transport conditions. The resultant annual public and occupational effective
doses are estimated to be less than 10 µSv for all categories of consumer products considered
in this study (cf. Table 20). These doses apply to transport exposure situations involving low-
level radiation packages/materials and reasonable exposure times: they apply to good operating
practices and procedures prevailing in EU Member States. The work in this contract has not
covered the world-wide practices in these areas.

4.3 Transport accident dose assessment

Accidents can occur during the transport of any commodity and some of these may involve
consumer products containing small quantities of radioactive material. The type and nature of
transport accidents differ considerably and may, for example, encompass events ranging from
very severe accidents resulting in significant material damage to packages and the subsequent
release and dispersal of radionuclides in the environment to very minor events having
insignificant consequences - if any at all. Consequently, the type and nature of the radioactive
materials being shipped are significant when considered in this assessment and, in particular,
govern the amount of material available for potential release. Dispersion also depends on the
physical and chemical properties of the radioactive material and the typical mechanical and/or
thermal package load conditions encountered in a transport accident.
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For the purpose of this study the assessment and evaluation of the potential radiological impact
arising from transport incidents and accidents has been conservatively based on postulating
severe “crash and burn” scenarios with the potential to result - where possible - in an
environmental release and the dispersal of radioactive substances. A series of potential
exposure pathways giving rise to internal and external exposure to radiation are being
considered following a transport accident and include - where relevant - inhalation, ingestion,
cloudshine, skin contamination of the personnel involved in transport and recovery operations
and the public. The methodology is further detailed in Appendix III. The resultant doses are
deemed unlikely to be exceeded under the prescribed accident conditions due to the
conservative nature and assumptions underlying the dose assessment approach.

Two major factors relate to materials released and available to workers and members of the
public exposed as a result of such an accident. The factors are known as the 'release fraction'
and the 'resuspension factor'.

The release fraction relates to the amount of spillage from a consignment as a result of a
serious accident, such as the 'crash and burn' event described. Data taken from NUREG 1717,
and experimental studies (e.g. Seehars et al. 1987, Berg et al. 1990) indicate that the respirable
airborne solid particulate release fraction amounts typically to 10-3 (0.1%) of the total package
activity contents.

Re-suspension factors arise from that material released from its containment as a result of the
accident during transport. When disturbed, during the 'clean-up' phase, some 10-5 m-1 of the
released material is assumed to be in respirable form and available for inhalation by workers or
members of the public.

NUREG 1717 Section A 1 - 4
"In the case of a fire, a release fraction of 0.1% is assumed for most materials; however,
for gases, a value of 100% is assumed, and for solid materials in protective devices, a
value of 0.01% is assumed. If better data are available in a particular case (e.g., a lower
release of uranium in glassware or thorium in alloys in a fire), then those better data
have been used. The practices in transportation (International Atomic Energy Agency
(IAEA) SS No. 7) and the release fractions in 10 CFR 30.72 provide general support for
the use of 0.1% in many cases. In the case of a spill, a release fraction of 0.1% is
assumed, provided only small amounts of a simple liquid or solid and temperatures of
less than 100º C are involved (Environmental Protection Agency (EPA) 520/1–89–
001). If the spill involves higher temperatures and either volatile solids or flammable
liquids, the use of other release factors should be considered (EPA 520/1–89–001;
DOE–STD–1027–92). If the spill involves a large amount of liquid, the use of a simple
release factor may not be appropriate (Martin Marietta Energy Systems (MMES),
1992)."

The above factors are well documented and referenced. A few undocumented reports of these
extremely rare events, namely serious transport accidents, suggests that the typical light-weight
cardboard or wooden packaging employed for the transport of bulk consumer products may
lead to greater release fractions in the event of a serious vehicle accident with subsequent fire.
Results arising from a pessimistic release factor of 10 x 10-3 are included in Tables 16 and 19
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for comparison with the expected release factor. Doses arising amount to less than 20 µSv per
event. The fire test report on smoke detectors (Appendix II) yielded an increased re-suspension
factor amounting to 29 x 10-5 m-1 and the effect of this is compared with the 10-5 resuspension
factor normally employed. Inhalation doses arising amount to 18.2 µSv, compared to 1.3 µSv
from the referenced resuspension factor.

Reports suggest that fire fighters at scenes of accidents where smoke is a major consideration,
would always be wearing breathing apparatus, reducing inhalation dose effectively to zero.
Vehicle recovery staff, road maintenance staff and land-fill operators are most unlikely to be
equipped with or to wear breathing apparatus and would consequently be exposed to re-
suspended radioactive material.

4.3.1  Ionisation smoke detectors

This assessment assumes a lorry is involved in a ‘crash and burn’ incident on a major road
resulting in the release of radioactive material. The lorry is assumed to be carrying various
merchandise including a pallet of 1400 complete smoke detectors containing Am-241 foils of
activity 18.5 kBq each, 25.9 MBq in total. The dose assessment is divided into a number of
scenarios:

exposure to the public from a release due to fire;
exposure to workers during the cleanup phases and
subsequent waste disposal to a typical landfill site.

 Exposure of public from a release due to fire
Radiation Emergency Preparedness and Public Information Regulations (REPPIR) in the UK
provide activity values to give an effective dose of 5 mSv in the year immediately following a
radiation emergency.

The REPPIR dose results are attained assuming the radionuclides are involved in a fire with a
0.1% release of activity, resulting in an particulate atmospheric release in the respirable size
range up to about 20 µm (AED). It is assumed that the release of activity is at ground level for
a duration of 30 minutes under category "D" weather conditions.

The dose to a member of public is calculated assuming the person is 100 m away from the
accident site, the plume passes over the person, dispersing active material in the area. The
person is therefore exposed to radiation from the following pathways: cloudshine; groundshine;
cloud inhalation; deposition on skin and ingestion of contaminated foodstuffs.  The total dose
is conservatively taken as the sum of all individual scenario doses.

Using the REPPIR values, the dose received by the public from an accidental release of Am-
241 from ionisation smoke detectors (of known activity) can be calculated, assuming that 0.1%
of the total activity inventory is released in the fire. As the half life of Am-241 is 458 years, it
is assumed that the activity of the material is not time dependent in the time-scale considered.

REPPIR value for a particulate release of Am-241 in the respirable size range to give an
effective dose to the public of 5 mSv = 3.0�108 Bq ; or 300 MBq.
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       Total activity on the lorry = 1400 � 18.5�103 = 25.9 MBq.
Effective dose to a member of the public, arising from the accident, is given in Table 16 by:

Effective Dose    =  Activity of source released � 5 mSv
REPPIR activity

= 0.43 µSv for a 10-3 release factor

Cleanup phase and waste disposal
The cleanup phase has three stages carried out by different personnel. The Fire Service puts out
the fire, then workers enter to remove the wreckage and debris and finally the fire-damaged
road surface is removed and replaced. As none of the workers involved in the cleanup are
radiation workers, public dose coefficients are used throughout.

Fire fighting
The first stage is assumed to be carried out over a period of 4 hours, when the fire personnel
will be wearing full protective clothing to protect themselves from the fire and possible
hazardous substances.  Their dose is therefore assumed to be negligible.

Clean-up
The clean up phase is assumed to be carried out by workers trained in clearing road accident
remains (crash vehicle recovery). As the pallet of smoke detectors will probably be amongst
other products, it cannot be assumed that the workforce know of the radiation hazard and
therefore suitable protective clothing would not be worn.

The following dose pathways are considered: inhalation of re-suspended activity; external dose
from the contaminated debris and from the cloud due to re-suspension of activity; skin dose
from contamination and ingestion of activity. Re-suspension is assumed to occur due to
mechanical disturbance of the debris.

This stage of cleanup is assumed to take 4 hours, after this time all contamination is removed
by the work force washing themselves. The area of contamination is assumed to be a circle of
radius 5 m. As 0.1% of the smoke detector activity inventory has been assumed to have been
released in the fire, the remaining 99.9 % is assumed to have remained in the debris. Further re-
suspension will apply to this remaining debris together with hand access to the bulk of the
active material remaining on the ground. As the work will be heavy manual labour to clean up
the waste, a breathing rate of 1.69 m3.h-1 is assumed.  The doses received by vehicle recovery
workers are listed in Table 13.

Remedial work
The secondary cleanup stage is carried out by road repair services, again without protective
clothing or equipment. Removal of the road surface and remaining activity is assumed to take
1 hour. It is assumed that the majority of the activity had adhered to the road surface and
therefore was still present during this clean up phase (see Appendix III). The doses were
calculated as previously in the clean up phase but with the reduced contamination time. The
breathing rate is now assumed to be 1.18 m3.h-1 as the majority of the work will be carried out
by machinery. The doses received by maintenance workers are listed in Table 14.
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Disposal to landfill
All waste is assumed to be taken to a typical landfill site, where a landfill operator will spread
the waste over the site. This may result in a dose being received.

These scenarios are as used in the landfill methodology, where formulae were taken from the
EC Publication RP-65. It is assumed that the operator distributes waste within the site using
mechanical excavators.  This is likely to create fairly high concentration dust clouds, and the
workers are assumed to spend a large fraction of their time outside therefore receiving an
external dose from the disposed waste. As the area is a dirty environment, skin contamination
and inadvertent ingestion are highly probable. As the landfill operative is not a radiation
worker, public dose coefficients will be used as necessary. The results are listed in Table 15.

Table 16 lists the maximum potential exposures from the pathways considered following a
severe postulated fire accident involving bulk shipment of ionisation smoke detectors. All
exposures are well below public dose limits.

4.3.2 Thoriated tungsten welding electrodes

As described previously there are no conceivable transport accident event sequences
encountered in transport or handling accidents which may result in a significant fracturing and
aerosolisation process of tungsten welding electrode rods given the highly refractory nature of
solid tungsten products. Therefore, no significant accidental exposures from the uptake of
radionuclide releases into the body of human beings are expected to occur following a severe
“crash and burn” transport accident.

4.3.3 Lighting products and related devices

High performance lighting products and related devices considered in this study contain
typically either Kr-85 or natural thorium, i.e. Th-232/-228. The natural radioactive thorium is
generally an component part of the solid tungsten electrode system of lighting devices and
therefore - similarly to tungsten welding rods - basically unavailable for release and dispersal
in the respirable particle size range up to 20 µm under mechanical and thermal load conditions
of potential transport and handling accidents.

The radioactive noble gas, Kr-85, however, is liable to be released into the environment under
accident conditions severe enough to cause loss of containment by breaking of the glass tube
containing the radioactive filling gas. This dose assessment considers a road transport accident
scenario (lorry trailer) involving a bulk consignment of lighting products containing Kr-85 and
giving rise to serious damage of a major fraction of the fragile cargo followed by an
instantaneous or prolonged release of its radioactive constituents.

A bulk consignment of fluorescent lamp starters consists of 20 pallets loaded on a lorry trailer
with each pallet holding up to 25,000 single units with a Kr-85 content of about 200 Bq/unit,
and this provides an inventory of about 100 MBq per consignment. Similar loads containing
Kr-85 may be found in lorry trailer loads with only a few pallets of special high performance
lighting products with lower production volumes and being shipped and distributed in smaller
quantities than ordinary lamp starters, see Table 17. The resultant radiological impact of a
potential transport accident involving lighting products is determined by consideration of the
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submersion skin dose based on the Q-System modelling approach (IAEA Safety Series No. 7,
amended 1990) for determining the Type A package contents limits.

Gaseous isotopes like Kr-85 are not incorporated into the human body in radiologically
significant quantities. Under the Q-system modelling approach a instantaneous A2 release of
Kr-85 of 10 TBq (para 401, TS-R-1) into a confined space is expected to result in a skin
submersion dose of 500 mSv to a person. Adoption of this scenario and relationship for the
assessment of the radiation dose arising from a transport accident involving a bulk shipment of
lighting products containing Kr-85 and assuming a cargo damage and release fraction of 50
percent and 100 percent for the total Kr-85 load inventory of 100 MBq (Table 17) results in an
estimated skin dose of about 2.5 µSv and 5.0 µSv per event, respectively, and would be even
lower for a release into the environment. This is clearly an insignificant radiation dose and well
below any applicable dose limit or action level.

4.3.4 Thoriated gas mantles

The highly fragile nature of ordinary thoriated incandescent gas mantles (IGM) following the
impact of a fire tends to facilitate the release and dispersal of its radioactive constituents in the
event of an accident or under the impact of wind, fire or human intervention. The amount of
radioactivity potentially available for release and dispersal in the environment depends on a
number of factors with the following being of prime importance: the type and severity of the
accident event, the particle size of the powdery residues, the subsequent falling of debris onto
the gas mantle debris and the intensity of the wind, fire or mechanical actions promoting the re-
suspension of particulates. Therefore a severe accident involving a consignment of thoriated
incandescent gas mantles may represent a radiological hazard to the public and to recovery
personnel when removing the vehicle debris.

For this assessment a lorry is assumed to be carrying up to four overpacks each containing up
to 3000 IGMs with a total Th-232/-228-activity inventory of about 18 MBq (Table 8). The
lorry may become involved in a severe “crash and burn” accident on a motorway or busy road,
such that packages were destroyed, resulting in or depositing finely divided ash potentially
available for release and dispersal in the environment.

Table 18 details doses arising during the vehicle recovery when thoriated gas mantles are
involved. Assuming the very fragile mechanical state such gas mantles are expected to be in
after a serious fire, the expected release fraction of 10-3 has been increased ten-fold and doses
are assessed as 8 and 19 µSv, respectively, for 'normal' and pessimistic release factors.

The recent major American study (NUREG 1717 (1999)) quotes and cross-references a
particulate release fraction of 1x10-3 (0.1%) and a re-suspension factor arising from mechanical
stresses from a contaminated surface of 1x10-5 m-1. A release fraction of the order of 0.1% for
particles in the respirable size range of up to 20 µm (AED) is broadly consistent with the
results of test experiments performed for determining the airborne release fraction of powdered
material packed in an open box following a drop (drop height 2 m and 5 m) onto a target
surface, ventilated at an air speed of 1 m/s to promote the airborne particle fraction (Seehars et
al. 1987, Berg et al. 1990, Mädler et al. 1998). For the characterisation of the particulate release
of a “crash and burn” scenario, however, which may involve both mechanical and intensive
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thermally induced entrainment stress an enhanced particulate release fraction has been adopted
and a notional value of 1 percent is being pessimistically assumed for impact analysis.
Whilst it is considered that road clearance would be carried out by workers shovelling
powdered debris from the ground and into a bulk waste container alongside the wreckage site
and an enhanced re-suspension factor might apply under these circumstances, this has not been
included for gas mantles in this study. Only the higher resuspension factor determined
experimentally for smoke detectors (Appendix II) has been supported in this report, otherwise
the factors obtained from NUREG 1717 have been used.

The postulated crash and fire accident has the potential for giving rise to occupational and
public radiation exposures by a number of exposure pathways: exposure to the public from a
release due to fire and exposure to workers during the cleanup phase. For the radiological
assessment 50 percent of the radioactive package inventory has been assumed to be available
for release (0.1%) and for dispersal in the environment in the respirable particle size range up
to 20 µm (AED). During the fire there will be no significant dose to any fire fighter protected
with breathing apparatus and appropriate clothing but vehicle recovery staff and road
maintenance staff are likely to be affected. Inhalation aspects apply to the latter groups together
with those arising from surface contamination. Subsequently, all of the radioactivity is assumed
to be dispersed in the local area and there will therefore be no waste to landfill.

Exposure of public from a release due to fire
The UK radiation emergency preparedness and public information regulations (REPPIR)
provide activity values to give an effective dose of 5 mSv in the year immediately following a
radiation emergency.

The results are attained assuming the radionuclides are involved in a fire with a release of
activity, resulting in an atmospheric release of particles in the respirable size range of up to 20
µm (AED). It is assumed that the release of activity is at ground level for duration of 30
minutes under category “D” weather conditions. The dose to a member of public is calculated
assuming the person is 100 m away from the accident site, the plume passes over the person
dispersing active material in the area. The person is therefore exposed to radiation from the
following pathways: cloudshine; groundshine; cloud inhalation; deposition on skin and
ingestion of contaminated foodstuffs (green vegetables and milk).  The total dose is
conservatively taken as the sum of all individual pathway doses.

REPPIR values show that the dose received by a member of the public from a particulate
release (AED < 20 µm) of 20 MBq of thorium-232/-228 from the fire is 5 mSv. As the half life
of Th(nat) is 1.4�104 years, it is assumed that the activity of the material is not time dependent
on the timescale considered (manufacturing mantles and despatch are assumed to take less than
3 months).
REPPIR value for Th-232/-228 to give an effective dose of 5 mSv = 2.0�108 Bq

Total activity on the lorry     = 4 x 4500 kBq = 18 MBq
Assume all the activity load is available, with a release factor of 10-3 .

Effective dose = Activity of source released � 5 mSv
REPPIR activity

                   = 4.50E-04 µSv
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IONISATION CHAMBER SMOKE DETECTORS (AM-241)

Table 13 Dose received by vehicle recovery workers whilst carrying out cleanup operations

Resuspension
Factor

m-1

Fraction
released

Inhalation
dose
Sv

Ingestion
dose
Sv

Cloudshine
dose
Sv

Groundshine
dose
Sv

Skin contamination
equivalent dose to hands

Sv

Skin contamination
equivalent dose to face

Sv

Effective dose
to hands

Sv

Effective
dose to face

Sv

Total dose

Sv
1.00E-05 1.00E-03 6.02E-07 6.60E-07 5.29E-11 3.73E-08 2.14E-06 2.37E-08 7.13E-09 7.90E-12 1.3E-06
29.0E-05 1.00E-03 1.75E-05 6.60E-07 1.53E-09 3.73E-08 2.14E-06 2.37E-08 7.13E-09 7.90E-12 1.82E-05

Table 14 Dose received by motorway/road maintenance workers during road resurfacing

Resuspension
Factor

m-1

Fraction
released

Inhalation
dose,

Sv

Ingestion
dose,

Sv

Cloudshine
dose,

Sv

Groundshine
dose,

Sv

Skin contamination
equivalent dose to hands,

Sv

Skin contamination
equivalent dose to face,

Sv

Effective dose
to hands,

Sv

Effective
dose to face,

Sv

Total dose

Sv
1.00E-05 1.00E-03 1.05E-07 6.60E-07 1.323E-14 9.31E-09 5.35E-07 2.37E-08 1.78E-09 7.90E-12 7.8E-07
2.90E-04 1.00E-03 3.05E-06 6.60E-07 3.836E-13 9.31E-09 5.35E-07 2.37E-08 1.78E-09 7.90E-12 3.7E-06

Table 15 Dose to landfill operator in year following disposal of contaminated waste

Fraction of activity
sent to landfill

Fraction
released

Inhalation
dose
Sv

External
dose
Sv

Skin contamination
effective dose to hands

Sv

Skin contamination
effective dose to face

Sv

Ingestion
dose
Sv

Total dose

Sv
9.0E-01 1.00E-03 3.13E-11 3.31E-11 3.20E-10 3.72E-15 5.18E-12 3.90E-10

Thoriated Gas Mantles (Th(nat))
Table 18 Dose received by vehicle recovery workers whilst carrying out cleanup operations.

Resuspension
Factor

m-1

fraction
released

Inhalation
dose
Sv

Ingestion
dose
Sv

Cloudshine
dose
Sv

Groundshine
dose
Sv

Skin contamination
equivalent dose to hands

Sv

Skin contamination
equivalent dose to face

Sv

Effective dose
to hands

Sv

Effective dose
to face

Sv

Total dose

Sv
1.00E-05 1.00E-02 1.19E-05 5.65E-06 2.13E-11 1.07E-06 9.77E-05 1.10E-06 3.26E-07 3.68E-10 1.89E-05
1.00E-05 1.00E-03 1.19E-06 5.65E-06 2.13E-12 1.07E-06 9.77E-05 1.10E-06 3.26E-07 3.68E-10 8.23E-06
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Table 16 Summary of exposures from ionisation smoke detectors

Scenario Person Details Dominant pathway Total dose
(mSv)

Public doses Public Doses 100 m downwind from
the accident (REPPIR data)

Release factor
0.1% 4.3 x 10-4

Clean-up
phase 1
-extinguishing
the fire, 4
hours

Fire
fighters

Wearing protective clothing and
breathing apparatus

����no skin contamination or
ingestion dose, and minimal

inhalation dose.

External or
inhalation None

Clean-up
phase 2
- removal of
wreckage and
debris, 4 hours

Crash
vehicle

recovery

No protective clothing or
equipment; exposure pathways:

inhalation of resuspended
activity; external from
resuspended cloud, and
deposited material; skin

contamination, and ingestion.

Inhalation
Resuspension Factor

= 10-5m-1

[NUREG 1717]
Resuspension Factor

= 2.9 x 10-4m-1

[Fire test, App II]

1.3 x 10-3

18.2 x 10-3

Clean-up
phase 3
-resurfacing
road, 1 hour

Road
repair
and

mainten-
ance

No protective clothing, activity
assumed to be adhered to road
surface, surface removed after

one hour,

Inhalation
Resuspension Factor

= 10-5m-1

Resuspension Factor
= 29.0 x 10-5m-1

0.78 x 10-3

3.7 x 10-3

Disposal to
landfill Landfill

operator

Dose to landfill operator for year
following transfer of waste to

landfill site
Skin contamination. 3.9 x 10-7

Normal
conditions

Lorry
driver

Lorry driver assumed to
transport a pallet of smoke

detectors for 100 hours per year.
External dose only 4.7 x 10-3

Table 17:  Radiological characterisation of a realistic, but conservative bulk consignment of
fluorescent lamp starters and high performance lighting products

Fluorescent lamp
starters

Metal halide lamps

Kr-85 contents per unit 200 Bq 1000 Bq

Units per pallet max. 25.000 max. 5.000

Number of pallets per
consignment/vehicle

max. 20 max. 10

Assumed cargo damage and
release fraction

50% 50%

Kr-85 environmental release
following a severe accident

50 MBq 25 MBq

mailto:4.32-02@10%
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Fire-fighting, cleanup phase and waste disposal
The accident site has three stages of work carried out by different personnel.  The fire service
puts out the fire, then workers enter to remove the wreckage and debris and finally the road
surface is removed and replaced. As none of the workers involved in the cleanup are radiation
workers, public dose coefficients are used throughout.

Fire fighting
The first stage is assumed to be carried out over a period of 4 hours, during which time the fire
fighting workers are assumed to be wearing full protective clothing to guard themselves from
the fire and possible hazardous substances. Their dose is therefore assumed to be negligible.
The small fraction of activity, which may be released during the fire, is unlikely to result in a
measurable dose as protective clothing and equipment worn would provide sufficient shielding
At the end of an operation, it is customary for fire fighters to 'dampen down' smouldering
vehicle wreckage in order to prevent fires re-starting from wind-dispersed fragments. Such a
practice is likely to

(a) further prevent dispersal of radioactive dust and
(b) restrict secondary dispersal during clean-up, since much of the surface material
     would be in the form of a wet slurry.

Clean-up
Initially, it is assumed that the activity will be released in this phase of the cleanup. The clean-
up phase is assumed to be carried out by workers trained in clearing road accident remains
(crash vehicle recovery). It is assumed that no protective clothing against radiation is worn. It is
not assumed that the person carrying out this work will be wearing gloves, but as the waste is
likely to cause cuts and abrasions, gloves would probably be worn. This will reduce the
resulting dose. Bearing in mind the 'damping-down' of fire-affected vehicle debris, it is
postulated that, whilst an enhanced release of thoriated gas mantle dust is possible, hence
scenarios dealing with 0.1% to 1% release fraction, the 0.001% resuspension is unlikely to be
achieved. The two release options and the single re-suspension option were evaluated.

The following dose pathways are considered: inhalation of re-suspended activity; external dose
from the contaminated debris and from the cloud due to re-suspension of activity; skin dose
from contamination and ingestion of activity. Resuspension is assumed to occur due to
mechanical disturbance of the debris.

The area of contamination is assumed to be a circle of radius 5 m. As it will require heavy
manual labour to clean up the waste, a breathing rate of 1.69 m3.h-1 is assumed. This stage of
cleanup is assumed to take 4 hours, after which time workers would be expected to wash off
dirt and this includes radioactive contamination.

Remedial work
The secondary cleanup stage is carried out by road repair services, again no protective clothing
or equipment is assumed to be worn.  It is assumed that by this stage any remaining activity
will have been washed away, therefore there will be no dose associated with this scenario.
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Summary
Table 19 lists the maximum exposures from the pathways considered.

Table 19 Assessed accidental doses from thorium-impregnated gas mantles
Scenario Person Details Dominant

pathway
Total dose

(mSv)

Public doses Public Doses 100 m downwind from
an accident site [REPPIR data] - 0.00045

Clean-up
Phase 1

-extinguishing
the  fire, 4

hours

Fire
fighters

When protective clothing and breathing
apparatus is worn there is no skin

contamination or ingestion dose, and
minimal inhalation dose.

External
or

inhalation
Zero

Clean-up
phase 2,

removal of
wreckage and
debris, 4 hours

Crashed
vehicle

recovery

Without protective clothing or equipment;
exposure pathways are inhalation of re-

suspended activity; external from
resuspended cloud, and deposited material,

skin contamination, and ingestion.

Release
factor *
0.1%

&
1%

0.0082

0.0189
*The material release factor may increase above the generally accepted value of 0.1% (10-3)
because of the fragile nature of gas mantles after firing or being burnt.  As well as the 0.1%
release fraction, a value of 1% release is considered to be pessimistic, when clearing wreckage.

4.4 Events during transport

The UK radioactive materials transport event database (RAMTED) contains transport events
over several decades, including some 10 events involving consumer products. Of these, five
events involved smoke detectors, including a loss of products to a river and another case of
destruction by fire. There were 3 events associated with gaseous tritium light devices including
an event at a scrap yard where 2 workers were estimated to have received exposures of 2 mSv.

A recent event (October, 1999) has been reported from an EU Member State, where a pallet of
some 900 smoke detectors, carried by road transport in a freight container, trailer-mounted,
was involved in an extensive road-side fire lasting 3 hours, during which the complete
container and trailer were reduced to a framework and ashes only. With no readily-available
documentation to draw attention to the radioactive materials carried, 900 sources of americium-
241, of 3.96 MBq activity, fire brigade staff allowed the unit to burn completely and then had
the remnants removed by a vehicle recovery company and the burnt road surface remade.
Subsequently, when the nature of the contents were determined, appropriate authorities arrived
at the scene some 4-5 days after re-mediation efforts had been completed. It was considered,
based on incomplete information, that the source material had vapourised during the intense
heat of the 3-hour fire. It was not possible to monitor the road surface immediately below the
container location after the fire, because remedial work had been carried out, replacing the
damaged road surface with new material. Some finely distributed material - radioactive
contamination - along the edge of the road was accounted for as run-off from fire fighter
operations when damping-down the embers. Some activity was detected on the vehicle
framework at the scrap yard. Of the activity monitored at several spots, there was insufficient
to account for the complete load, with only some 10% of the total activity present at the
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different locations. Whole body monitoring of emergency services and remedial services staff
showed no presence of radioactive material, arising from the consignment.

It should be noted that accidents and events on this scale of destruction are rare - one in the UK
over a twenty year period and less than ten such events in other European states over a similar
period. None are reported to have given rise to measurable exposures of persons involved.

5 Discussion

The consumer products analysed in this report are considered to be representative of the
diverse items in widest use and most likely to be encountered in major transport operations.
Other materials in use are believed to have lower production volumes or contain significantly
lower levels of radionuclides than those considered here (see Appendix IV). Some, for example
certain gaseous tritium lighting devices, have been or are being withdrawn from use.

The occupational and public doses arising from both normal transport scenarios and from
accident conditions are low for bulk transport of smoke detectors, welding electrodes, lighting
products and thoriated gas mantles, when using commonly accepted release and resuspension
factors. The assessed bulk transport related doses represent a minuscule fraction of the relevant
regulatory dose limits for members of the public and transport workers for all conditions of
transport, i.e. normal transportation and potential transport incidents and accidents (Table 20
and Table 21). The low public and occupational radiation doses satisfy the principal criteria for
exemption of practices or of sources within practices from notification and other regulatory
controls of the Council Directive 96/29/Euratom and the International Basic Safety Standards
(BSS).

For some severe accident conditions, higher release and resuspension factors have been
investigated. Exposures from the bulk transport and destruction of thoriated gas mantles and
smoke detectors in such accidents have been conservatively assessed at up to 19 µSv which is
much less than the 1 mSv criterion adopted in other studies for low probability events. The
pessimistic factors investigated provide reassurance that enhanced releases do not present
excessive doses incurred by workers or by members of the public.

Measurements of package dose rate available for all consumer products considered in this
study show that at the package surfaces accessible to members of the public, the dose rates are
most unlikely to exceed 0.01 �Sv.h-1 with a value expected to be at least an order of magnitude
lower - 0.001 �Sv.h-1 in areas occasionally occupied by members of the public when relevant
transport is passing. For measurable doses to be detected, exposure to this dose rate value
requires persons to be static and in close proximity to the transported consignment for many
hours. Whilst such close proximity may arise for a few, it is most unlikely that such numbers
could ever exceed a few tens of persons for periods unlikely to exceed more than a few hours
in any one year. The annual collective dose, based on exposures described for normal transport,
is unlikely to exceed 10-2 man Sv in a Member State.

The group of transport workers mainly associated with bulk transport are the vehicle loaders
and drivers. Dose estimates for normal transport indicate low annual doses, of less than10 µSv
for widely accepted transport practices and procedures.
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The above values show clearly that bulk shipments, of the consumer products studied, do not
create an unacceptable radiological impact based on the criteria embodied in European
Directives and international regulations. However the application of the dose assessment model
is for good practices. Manufacturers and carriers are responsible for employing and promoting
such practices.

Table 20 Summary of public and occupational radiation dose estimates arising from
                       normal (incident-free) transportation of bulk shipments of consumer products

Product category Annual effective dose* (µSv.y-1)
Public dose Occupational dose

Ionisation smoke detectors < 0.01 < 1

Thoriated welding electrodes < 0.01    < 5 **

Lighting products and related
devices

< 0.01      < 0.5 **

Incandescent gas mantles < 0.01    < 5 **

*   Upper estimate
** Loading/unloading and carriage operations

Table 21 Potential radiological consequences of severe transport accidents involving bulk
shipments of consumer products

Product category Effective/equivalent dose* (µSv)
Public Fire fighting/clean-up

and landfill personnel
Ionisation smoke detectors < 0.5 <20

Thoriated welding electrodes insignificant insignificant

Lighting products and related
devices

           < 2.5 (skin) insignificant

Incandescent gas mantles < 1 < 20

* Representative for a severe “crash and burn” accident scenario and associated
recovery operations
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6. Recommendations and conclusions

(a) It has been shown that doses to transport workers and members of the public,
arising from the bulk transport of certain consumer products, both from normal
transport and from accident conditions, are generally very low. The
methodology, the factors employed for assessment and exposure times adopted
may be conservative and, in general, the doses derived for this report are likely
to be maximum values for good practices. Smoke detectors, thoriated welding
electrodes and lighting products transported in bulk result in insignificant
radiological impact.

(b) Thoriated gas mantles transported in bulk have also been assessed as resulting in
very low radiological impact. However, in some countries, replacement of
thorium by yttrium is current best practice.

(c) Consumer products sold to end-users are already outside the scope of the
transport regulations. Bulk shipments of such materials may also be below
regulatory concern. Companies and carriers need to demonstrate that best
practices are employed.

(d) Current transport regulations should be reviewed in order to take account of the
very low radiological impact from bulk consignments of consumer products.

(e) Doses to transport workers making deliveries of consumer products examined in
this study in normal conditions are estimated to be well below 10 µSv per
annum. Annual effective doses to members of the public are significantly less
than 1 µSv. In severe accident conditions, using published data on releases and
resuspension, doses to workers and members of the public are unlikely to
exceed a few 10 µSv. The low public and occupational radiation doses satisfy
the principal criteria for exemption of practices or sources within practices from
the International Basic Safety Standards (BSS) and from notification and other
regulatory controls of the Council Directive (96/29/Euratom).

(f) For consumer products transported in bulk consignments, as examined in this
study, little direct detailed knowledge is available based on accidents of the
nature described in this study.  Where accidents to bulk shipments involving fire
have occurred, there have been no reports of doses to workers or members of the
public above background levels.
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Figure 1 Large quantity consignment of packages of thoriated tungsten welding rods

Figure 2 Primary packagings of lighting products containing Kr-85 or Th-232/228
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Figure 3  Incandescent gas mantle containing thorium and protective transport packaging
                               (used for municipal street lighting and similar applications)
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Figure 4  Packagings for the transport and supply of thoriated welding electrodes
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Figure 5 Examples of lighting products which incorporate Th-232/228 or Kr-85
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Figure 6 Near-field package dose rate measurements used for determining occupational exposures.
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Figure 7 Expected dose from unshielded static exposure to radiation arising from a RAM package
      during a stop at a distance (a) from a receptor point

- Normalised to a package dose rate of 0.1 µSv/h at 1 m from the package surface
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Figure 8 Expected dose from unshielded transient exposure to radiation resulting from a passing
   RAM shipment travelling with velocity (v) at distance (a) from the receptor point
 - Normalised to a package dose rate of 0.1 µSv/h at 1 m from the package surface
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          Figure 9 Radiation level of a palletised bulk consignment of thoriated lighting products 
 in primary packages varying in size and design (adapted from Riedmann, 2000)
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Appendix I
Current UK Exemption Orders

The following Exemption Orders are subject to revision in the near term.
A1.1 Smoke Detectors Exemption Order (1980 and 1981)

The existing EO covers the storage, use and disposal of Ionisation Chamber Smoke Detectors
(ICSDs). The Order divides ICSDs into two categories:
(i) detectors incorporating Am-241 with a total activity per detector of not more than 40

kBq;
(ii) detectors which are affixed or attached to the premises with a total activity per detector

not exceeding 4 MBq (nuclide not specified).

Category (i) detectors that are installed are granted unconditional exemption from registration.
Those not installed are granted exemption subject to a limit of 500 such detectors on the
premises at any given time.  The total number on premises is limited to 100 without condition.
If 100 to 500 then conditions apply (unless on display for sale).
These conditions are:
The smoke detectors must be kept in a store which is constructed, maintained, and used so as to
prevent loss or unauthorised removal, is constructed of non-combustible materials, does not
contain nor is located near explosive material, is clearly marked ‘radioactive’ and has a
recognised radiation symbol, and all reasonably practicable measures are taken to maintain on
the premises clear, legible and up-to-date records of each smoke detector and its location.

Category (ii) detectors are granted conditional exemption from registration.
These conditions are:
If the smoke detectors are not affixed and in use they must have an authorisation,
If theft or loss occur, Police and Environment Agency (EA) must be notified immediately.
Additionally, must attempt measures to recover the source.

If a source is damaged the EA must be notified immediately and then confirm this in writing.
Category (i) and (ii) smoke detectors are excluded from authorisation to dispose if returning to
the manufacturer, if removed by an authorised disposer or if removed with refuse (so long as
mixed with non radioactive waste and <40 kBq per 0.1m3 of Am-241).

A.1.2 Lighting Articles Exemption Order (1985)
This order is concerned with instruments, illuminants or indicators that are luminised with
either tritium (H-3) or Pm-147. The Order divides lighting articles into two classes. These are:

(i) Class A articles consisting of instruments, illuminants or indicators that are luminised
with a film or paint that effectively adheres to the surface to which it has been applied,
is substantially insoluble in water and has an activity not exceeding 80 MBq Pm-147 or
4 GBq H-3.

(ii) Class B articles consisting of components of clocks, watches, instruments, illuminants
or indicators which satisfy the Class A criteria.

Both Class A and B articles are conditionally exempt from registration under the Act.
Class A conditions are:
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Keeping and using lighting articles is exempt so long as covered by glass or protective
covering.

Disposal is excluded from authorisation so long as sent for refuse disposal, or to
disposer or manufacturer.  If refuse disposal then articles must be dispersed, and not more than
10 per week disposed.

Accumulation for disposal is exempt so long as the sources are dispersed and removed
as soon as practicable and in any event within 2 weeks.  For disposer and manufacturer as soon
as practicable.
Class B conditions are:

Keeping and use are exempt from authorisation so long as the source (4 GBq H-3,
80 MBq Pm-147) is marked as a radioactive lighting component.

Storage is exempt from authorisation so long as the total activity on the premises does
not exceed 200 GBq H-3 and 4 GBq Pm-147.

Disposal is as for class A articles.

A.1.3 GTLDs Exemption Order (1985)

This EO covers Gaseous Tritium Light Devices (GTLDs) containing sealed containers of
tritium gas Gaseous Tritium Light Sources (GTLSs). GTLDs are divided into three Categories.
These are:

(i) Class A - the activity in the GTLD does not exceed 20 GBq;
(ii) Class B - the activity of each sealed container in the GTLD is not more than 80 GBq

and the total activity of the GTLD does not exceed 1 TBq; and
(iii) Class C - a GTLD that is installed or awaiting installation in (a) a vessel or aircraft; or

(b) a vehicle or equipment used or intended for use by the armed forces of the Crown.

Under the conditions of this EO all undertakings (except manufacturers or suppliers) are
exempted from registration under the Act in respect of keeping and use of GTLDs, subject to
certain conditions.

Class A article conditions:
Keeping and use is exempt from regulation so long as less than 2% of the total activity

is in the form of tritium oxide or water soluble compounds.
Less than 5TBq can be stored on the premises, less than 30 TBq installed in or on

railway vehicles, the package must be marked radioactive and show the trefoil.
If theft or loss occurs, must attempt measures to recover the source.
If a source is damaged, must disperse gas by ventilation.
Disposal as refuse (1 per bag), or taken to a tip site (not deposited with radioactive

waste), or to authorised disposer or to the manufacturer.  Records must be kept of the disposal
(Activity (GBq), means and date).

Waste can be accumulated for up to 12 weeks, accumulation must be with a view to
disposal and no part of the waste source must be removed prior to disposal.

Class B article conditions:
Keeping and use is exempt from registration so long as less than 2% of the activity is

tritium oxide, fixed to premises or a railway vehicle.
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The fire brigade must be informed if 2 or more articles are to be stored for longer than
48 hours  (telephone then letter).  Must be marked radioactive and display the trefoil, activity at
receipt and how to dispose (without Authorisation).  Records of date of receipt, manufacturer
type number, GBq at receipt, date removed and to where(except when waste).

Up to 30 TBq can be stored on the premises, or installed in or on a railway vehicle, the
package must be marked radioactive and carry a trefoil.

If loss or theft occurs and the activity is greater than 20 GBq, the Police must be
notified and the Environment Agency informed in writing.  Must attempt measures to recover
the source.  Following damage, disperse gas by ventilation.

If less than 20 GBq requires disposal, it may be disposed as refuse (1 per bag), or taken
to a tip site (not deposited with radioactive waste), or to authorised disposer or to manufacturer.
If greater than 20 GBq are to be disposed then waste must be sent to authorised disposer or
manufacturer.  Records must be kept of the disposal (GBq, means and date)

Waste can be accumulated for up to 12 weeks, accumulation must be with a view to
disposal and no part of the waste source must be removed prior to disposal.

Class C article conditions:
Keeping and use is exempt from authorisation so long as less than 2% of the activity is

in the form of tritium oxide.
The fire brigade must be informed if 2 or more articles are to be stored for longer than

48 hours  (telephone then letter).  Must be marked radioactive and display the trefoil, activity at
receipt and how to dispose (without Authorisation)

No item may be stored for greater than 1 month. The package must be marked
radioactive and display a trefoil.

If loss or theft occurs and the activity is greater than 20GBq, the Police must be notified
and the Environment Agency informed in writing.  Must attempt measures to recover the
source.  Following damage, disperse gas by ventilation.

If less than 20 GBq requires disposal, it may be disposed as refuse (1 per bag), or taken
to a tip site (not deposited with radioactive waste), or to authorised disposer or to manufacturer.

If greater than 20 GBq are to be disposed then waste must be sent to authorised disposer
or manufacturer.  Records must be kept of the disposal (GBq, means and date)

Waste can be accumulated for up to 12 weeks, accumulation must be with a view to
disposal and no part of the waste source must be removed prior to disposal.

A.1.4 Electronic Valves Exemption Order (1967)

This EO covers electronic valves incorporating a range of radioactive materials. The valves are
divided into Class 1 or Class 2 depending on the activity of the relevant radionuclide or
mixture of radionuclides. Class 1 valves are granted unconditional exemption from registration,
while Class 2 valves are exempted subject to no more than 10 being on the premises at any one
time, and the valves being kept in a suitably labelled container when not in use.  Up to 10 class
2 valves can be disposed of in any week but intermixed with non-active refuse.  Accumulation
of waste for disposal is limited to 2 weeks and must be stored in a closed container.
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Appendix II

Smoke detector tests and accident conditions

A 2.1.1 Tests
A branch of the NRPB (Services) undertakes testing and certification of sources and
radionuclide applications. They fire-tested examples of Am-241/palladium sources in silver
and gold cladding, intended for use in smoke detectors. Eight sources were supplied, each of
like activity, that is, 185 kBq or some ten-fold higher activity than current sources of identical
manufacture. Activity has been decreased over the intervening period because of improvements
in the ion-chamber sensitivity. Results from these early tests are considered both relevant and
applicable to the current smoke detector source material, with current source material effects
expected to be similar to those arising during the earlier 1983 tests.

Comparisons are drawn between test results and serious road accidents where vehicles
transporting bulk supplies of such sources could be involved in accidents with resulting fires.

Fire tests were carried out on eight Am-241 /palladium sources, silver-backed and gold-faced,
but with 185 kBq activity per source, instead of the current 18.5 kBq activity. The total activity
amounted to 1.48 MBq and a range of activities was released from the melted, dispersed and
subsequently disturbed material. For current sources, loss of material is expected to remain in
proportion to activity, because of the similar construction to those tested in 1983.

Stage 1 Wipe test of all eight sources
Prior to commencement of the fire test, each source was wipe-tested and activity transferred
from source to wipe was less than 0.185 Bq for each source.

Stage 2 Incineration Aspects
The eight samples were mounted in a porcelain boat within a ceramic tube and heated to
1200ºC for a period of one hour. Dry air was drawn through the system at a rate of 3 litres per
minute through-out the test period. A cascade impactor was mounted immediately adjacent to
the ceramic holding tube exit, followed by an in-line filter.
At the end of the test period, each source disc had melted, forming one or more silver coloured
globules, adhering to the porcelain boat.
The following material releases were measured:

Total present at start of test 1.48 106 Bq
On cascade impactor 9.3         Bq
In-line filter 1.48       Bq
AMAD for particulate 0.66 �m (respirable size)

Stage 3 Resuspension aspects
After ten days, glass beads were introduced into the tube as an abrading agent. The tube was re-
connected to the cascade impactor and in-line filter and, once more, air drawn through at 3
litres per minute. The tube, beads and contents were vigorously shaken for 15 minutes, with air
flow maintained for one hour.
The following materials were released:

On cascade impactor 2.59 Bq
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In-line filter 0.259 Bq
AMAD for particulate 0.23 �m (respirable size)

Stage 4 Further Resuspension Aspects

The above test was repeated, identical to Stage 3, except that some of the melted beads of
source material broke free from the boat and were subject to increased abrasion from the glass
beads, giving rise to the following release:

On cascade impactor 429.2 Bq
In-line filter 3.774 Bq
AMAD for particulate 0.49 �m (respirable size)

Stage 5 Final Leak Tests
The surfaces of the principal globules were wipe-tested twice, similar to the initial testing in
Stage 1.
The following materials were detected:

 Source First Second
Number Wipe Wipe
1 / 2 / 3* 52.9 Bq 30.7 Bq
     4 12.6 Bq 10.4 Bq
     5 3.7   Bq 1.6   Bq
   6 / 7* 38.9 Bq 92.9 Bq
     8 57.7 Bq 17.8 Bq

*  Sources had melted to form one principal globule.

Regulatory activity values of 241americium and fire test releases:

A1 value = 1013  Bq  (1 101 TBq)
A2 value = 109   Bq  (1 10-3 TBq)
Transport Index = < 0.01 for up to 1400 sources
(if measurable ) (maximum number for a pallet)

Release factors from smoke detector sources
Incineration = 0.7 10-3 % or  0.7    10-5

Resuspension (1) = 0.19 10-3 %  0.19  10-5

Resuspension (2) = 29.3 10-3 %  0.29  10-3

Final wipe tests = 21.8 10-3 %  0.22  10-3

These data are comparable to a factor of 1 x 10-3 taken from NUREG 1717

A 2.1.2 Consideration on accident conditions

"Normal" accident circumstances

The following assessment of test conditions is associated with various road or air accident
scenarios.
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Experience within the UK and from other countries suggests that the worst accident scenario
for multiple small sources arise in "crash and burn" situations, with aircraft crashes providing
maximum impact and highest temperatures, whilst road vehicle collisions in general give rise
to lesser impacts and shorter duration, lower-temperature fires, but evidence shows that
temperatures up to 1000º C are achieved for periods of up to one hour. This is of sufficient
duration and high enough temperature to cause destruction of many Type A packages and for
the majority of packaging associated with the consumer products in this study.

"Less usual" accident circumstances

For the products containing exempt radioactive materials, there is a possibility that such
consignments may be transported with other industrial items, capable of raising a vehicle fire
temperature to higher than 1,000ºC. Bulk consignments, such as described in this report, are
frequently distributed by suppliers to industrial premises and consequently other consignments
in the same vehicle can consist of flammable materials, such as paints, solvents or lubricants.

It is the practice of some fire brigades, that if a vehicle fire is sufficiently intense as to create a
risk of injury to brigade staff but no other serious risk arises, then such a fire may be allowed to
follow it's course, resulting in a completely burned vehicle and cargo. Such fires last longer and
can burn hotter than a "normal" vehicle fire.

The "normal" fire test conditions described above, are considered to provide close analogues to
the "crash and burn" scenario for a road vehicle collision, such that release data can be
associated with relevant accident conditions.

Accident conditions are presumed to follow the pattern below:
(A) Vehicle impact and resulting fire, totally engulfing vehicle for a period of 1

hour.
(B) Arrival of fire brigade, either during the fire stage or later, and use of water at

high pressure to put out the fire. This action will initially cause resuspension of
released activity from destroyed packages, although water spray should reduce
the resuspension quite quickly.

(C) After fire fighting is complete and the debris has cooled, vehicle removal will be
initiated and this would result in the second phase of resuspension.
The effective volume into which the activity will be released will be uncertain.
For simplicity, this is considered to be an area of 2.5 m wide by 4 m long,
equivalent to the vehicle loading platform, rising to a height of 5 m, the
postulated height of the flames from the fire. This corresponds to a volume of
50 m3. With any atmospheric disturbance around the vehicle, this volume could
double to include a downwind volume of similar dimensions to the vehicle
volume, before wind-produced dilution reduces further activity levels.

Activity releases from a road vehicle carrying 50 x 500 sources and ion chambers.
Stage (A) Total activity = 462.5 106 Bq (0.465 GBq)
Incineration release, - no other disturbance -

Release (1) = 0.7 10-3 % applied to 462.5 106 Bq
= 3.24 103 Bq
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Stage (B) Resuspension release, corresponding to fire brigade staff either using
water hoses to quench fire or pulling apart transport vehicle debris.

Release (2) = 0.19 10-3 % applied to 462.5 x 106 Bq
= 0.89 103 Bq

Stage (C) Resuspension release, corresponding to vehicle removal using crane and
electric saw or similar handling system, ie maximum disturbance of load.

Re-suspension (3) = 29.3 10-3 % applied to 462.5 106 Bq
= 135.5 103 Bq

In summary, activity releases range from 1 to 150 103 Bq dispersed into a 100 m3

volume by a fire. Entry into the fire plume is considered most unlikely, without protective
clothing and breathing apparatus, and the latter only for a limited period of life-saving, when
rescuing trapped or seriously injured persons involved.

Note - the release fractions and re-suspension factor are taken directly from the fire test data
and give lower factors for release than NUREG 1717 but a higher re-suspension factor.
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Appendix III
Accident Scenario Methodology

Clean-up doses: Doses received by workers cleaning up after the accident.

Inhalation of resuspended activity

This pathway assumes that a quantity of the contaminated debris is re-suspended and inhaled
during the cleaning process. The resuspension factor is assumed to be 10-5 m-1 (NUREG
1717)(14) and 29.0 � 10-5 m-1 (measured resuspension factor for smoke detectors (see Appendix
II)).  The average annual committed effective dose from inhalation of a source due to clean up
following fire is given by:

area
fRINHtresusAE �����

�
10

Where:
 Resus = resuspension factor, 10-5  or  29.0 � 10-5 m-1

         f = fraction of the source available for inhalation, 0.001
       A = activity of the source, Bq
         t = exposure time,

    INH = breathing rate, 1.69 m3 h-1  (10) assuming 7/8 light work and 1/8 heavy work
    R10 = RINH = inhalation dose coefficient, Sv Bq-1  (11)

  Area = area of contamination, 78.5 m2

External irradiation from a contaminated surface (groundshine)

The contents of the smoke detectors are assumed to be spread evenly over the contaminated
area, this is assumed to be a circle of radius 5m. The effective dose for this area is calculated by
multiplying the infinite plane geometry effective dose by a geometry reduction factor to
account for the finite area of the spread source.
The average annual committed effective dose from external irradiation from a dispersed source
after an accident is given by:

GEOMRRtAE s ����� )( 65
Where:

    As = activity per unit area =
area

A ,

     A = activity of the source, Bq
 area = area of contamination, 78.5 m2

       GEOM = geometric reduction factor relating a contaminated area with radius = 5 m to an
infinite plane, 0.3  (9)

R5 and R6 are the effective dose rates 1m above an infinite plane for gamma and beta radiation,
Sv h-1 per Bq cm-2 (8)
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External exposure from resuspended material (cloudshine)

This pathway assumes that a uniformly dispersed smoke or dust cloud surrounds a person.
The cloud is caused by mechanical resuspension of the material during the cleanup process.
This is assumed to remain airborne during the 4 hours (1 hour for road stripping) the person is
at the location carrying out the cleanup, giving them an external dose.  This dose is calculated
using effective dose factors based on total immersion in a semi-infinite cloud. The
resuspension factor is again assumed to be 10-5 and 29.0 � 10-5 m-1.  The average annual
committed effective dose from external irradiation from a dispersed source, in the form of a
cloud or aerosol, after an accident is given by:

harea
wCFRCFRtresusAE SKIN

�

�������
�

)]()[( 2211

Where:
CF1= dose rate from a semi-infinite cloud for 1 Bq m-3  per MeV of gamma energy (6)

CF2= skin equivalent dose rate from a semi-infinite cloud for 1 Bq m-3 per MeV
                     of beta energy (6)

   h = hours per year = 8760
        wSKIN = tissue weighting factor for skin, 0.01

Skin contamination

Skin contact with the contamination will lead to an increase in dose. The contamination is
assumed to occur as a result of contact with the material during cleanup as well as deposition
on the skin. The contamination is assumed to remain for 4 hours (1 hour) without being washed
off.  As the person is in contact with the contaminated debris as it is being cleaned up, it is
assumed that there will be a transfer of contamination to the hands and arms, and further
transfer to the face.

Assuming that outstretched hands have an area of 200 cm on each side, and that contamination
to the arms occurs only to the first 5 cm of wrist with a circumference of 20 cm, a total area of
600 cm2 of 40�m thick skin (backs of hands and arms)(1), and 400 cm2 of  400 µm thick skin
(palm side)(1) will be contaminated.  This gives an average annual skin equivalent dose
resulting from hand contamination of:

��
�

�
��
�

� �
�

�
���	

palm
RR

back
RRTfAH

HANDSSKIN
24787

Where:  back = area of 40�m thick skin, 600 cm2

 palm = area of 400�m thick skin, 400 cm2

      A = activity of the source, Bq
       f = fraction transferred
      T = time exposed,

                R7 = Skin equivalent dose rate to the basal layer of skin epidermis for gamma
irradiation, Sv h-1 per Bq cm-2  (1)



62

R8 = Skin equivalent dose rate to the basal layer of skin epidermis for beta irradiation
        for 40�m thick skin, Sv h-1 per Bq cm-2

          R24 = Skin equivalent dose rate to the basal layer of skin epidermis for beta irradiation
                    for 400�m thick skin, Sv h-1 per Bq cm-2  (1)

The fraction of activity transferred to the hand, f, is calculated assuming that all the remaining
activity is distributed over 78.5 m2 of the ground, and the hands of the worker become
contaminated to 10% of that level. With a hand area of 1000 cm2, the value of f is determined
by the following:

  f = 0.1  �  1000/785000 = 1.27 � 10-4.

Other areas of skin, for example the face, could become contaminated indirectly from the
contamination on the hands. Assuming 1% of the activity is transferred from the hands to the
face, an overall transfer factor of 1.27 � 10-6 will occur.  The affected area of face is assumed
to be 100 cm2, approximately the area of 1 cheek.  The transferred material has a deposit
thickness of 10-3 cm.(1)

The average annual skin equivalent dose resulting from face contamination is given by:

)( 87

cheek
RRTfAH

FACESKIN
�

����

Where A = activity of the source
f  = fraction transferred, 1.27 � 10-6

T = time exposed,
     cheek = area contaminated, 100 cm2

          R7 = Skin equivalent dose rate to the basal layer of skin epidermis for gamma irradiation,
                  Sv h-1 per Bq cm-2   (1)

          R8 = Skin equivalent dose rate to the basal layer of (40 �m thick) skin epidermis for beta
                  irradiation, Sv h-1 per Bq cm-2   (1)

The average annual committed effective dose from skin contamination due to the clean up of a
dispersed source after an accident is given by:

areatotal
exposedareawHE SKINSKINSKIN ���

Where : wSKIN = tissue weighting factor for skin, 0.01(4)

  area exposed = area of skin contaminated
        total area = total area of UVR exposed skin, 3000 cm2  (4)

Ingestion

It is assumed that there is a transfer of the contamination from the hands to the mouth where it
is ingested.  The fraction ingested is taken as 0.1% of the activity on the hands.  The overall
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fraction of the total activity ingested is therefore 1.27 � 10-7. The average annual committed
effective dose from ingestion of a source following skin contamination in the clean up after an
accident is given by:

9RfAE ���

A = Activity of the source
 f = fraction of total activity ingested

          R9 =RING= ingestion dose coefficient, Sv Bq-1 (11)

Landfill Doses

External exposure from contaminated ground

It is assumed that the landfill worker is exposed to gamma radiation for the entire working time
of 2000 hours per year (12).  Beta irradiation is not considered as the operator is assumed to be
shielded by the metal cab of the plant used.  The activity disposed is assumed to be diluted with
uncontaminated waste and soil.  A mass of 105 tonnes of waste is assumed to be disposed in
one year (12).
The effective dose resulting from external exposure to gamma irradiation is given by:

landfillM
GAMtAE ��

�

Where A = the activity disposed.
             t = exposure time, 2000 h/y
     GAM = dose coefficient for an infinite slab of ground, Sv h-1 per Bq g-1 (7)

Inhalation of contaminated dust

The dust cloud formed is assumed to be as a result of both mechanical disturbance and wind
driven resuspension.  It is assumed the operator will spend 200 hours per year out of the cab at
high dust concentrations (1�10-3 g m-2) and 1800 hours per year at lower dust levels (1�10-4 g
m-2) whilst working in the cab of the machinery. (12)   
The effective dose for this pathway is given by:

D = A�RINH�[(tIN�DUSTIN) + (tOUT�DUSTOUT)] �INH / Mlandfill

Where: A = activity disposed
        RINH = R10 = Inhalation dose coefficient, Sv Bq-1  (11)

           tIN = exposure duration inside cab, 1800 h y-1  (12)

        tOUT = exposure duration outside cab, 200 h y-1  (12)

             DUSTIN  = Respirable airborne dust concentration inside the cab, 1�10-4g m-2  (12)

          DUSTOUT  = Respirable airborne dust concentration outside cab, 1�10-3 g m-2 (12)

       INH = inhalation rate, 1.18 m3 h-1  (10)
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Exposure from skin contamination

As the person is in contact with the diluted source throughout the working day, an exposure
time of 2000 hours has been assumed.  It is assumed that there will be a transfer of
contamination to the hands and arms, and further transfer to the face.
Assuming that outstretched hands have an area of 200 cm on each side, and that contamination
to the arms occurs only to the first 5 cm of wrist with a circumference of 20 cm, a total area of
600cm2 of 40�m thick skin, and 400 cm2 of 400�m thick skin will be contaminated.  This gives
an average annual skin equivalent dose resulting from hand contamination of:

� �� � � �� �� �
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tAH
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 Where:  back = area of 40�m thick skin, 600cm2

 palm = area of 400�m thick skin, 400cm2

                  A = activity disposed
                         T = time exposed, 2000 h (12) 

            � = density of deposit (13)

       t = thickness of deposit on face  (13)

    R7 = Skin equivalent dose rate to the basal layer of skin epidermis for gamma
            irradiation, Sv h-1 per Bq cm-2   (1)

    R8 = Skin equivalent dose rate to the basal layer of skin epidermis for beta
            irradiation for 40�m thick skin, Sv h-1 per Bq cm-2   (1)

 R24  = Skin equivalent dose rate to the basal layer of skin epidermis for beta
            irradiation for 400�m thick skin, Sv h-1 per Bq cm-2   (1)

The affected area of face is assumed to be 400 cm2, the total area of the face.  The transferred
material has a deposit thickness of 1�10-3 cm.
The average annual skin equivalent dose resulting from face contamination due to spillage is
given by:

)( 87 RRTt
m

AH
landfill

SKIN FACE
������ �

Where A = activity disposed
         �    =  density of deposit (13)

                       t   = thickness of deposit on face (13)

          T   = time exposed, 2000h
        R7   = Skin equivalent dose rate to the basal layer of skin epidermis for gamma
                   irradiation, Sv h-1 per Bq cm-2   (1)

        R8   = Skin equivalent dose rate to the basal layer of skin epidermis for beta
                  irradiation, Sv h-1 per Bq cm-2   (1)

The average annual committed effective dose from skin contamination due to the clean up of a
dispersed source after an accident is given by:



65

areatotal
exposedareawHE SKINSKINSKIN ���

Where: wSKIN = tissue weighting factor for skin, 0.01 (4)

area exposed = area of skin contaminated = 1400 cm 2
      total area = total area of UVR exposed skin, 3000cm2  (4)

Inadvertent ingestion of dirt and dust

It is assumed that there is a transfer of the contamination from the hands to the mouth where it
is ingested.  The rate at which the dirt and dust is ingested is taken as 5�10-3 g h-1 for 2000
hours per year. The average annual committed effective dose from ingestion of a source
following skin contamination in the clean up after an accident is given by:

landfill

ING

M
INGRtAE ���

�

Where: A = activity disposed.
 t  = exposure duration, 2000 hours (12)

        ING = the inadvertent ingestion rate for adults, 5�10-3 g h-1 (10)

        RING = committed effective dose per unit intake for ingestion, Sv Bq-1 (11)

              Mlandfill    = mass of waste disposed in one year, 1010 g (12)

Doses from Normal Operations

The dose to a lorry driver is given by:

E = C x T x (GAM x R1 x GEOM)

Where: C is the activity concentration = mass of smoke detector/activity =370 Bq g-1

T is the exposure time = 100h.y-1

GAM is the effective dose rate 1m above an infinite thick slab of 1Bq g-1 per MeV of gamma
energy = 3�10-7 Sv h-1 per Bq g-1 MeV
R1 is the average photon energy per disintegration, MeV
GEOM is a geometric reduction factor for an infinite slab to a finite source = 2�10-2.
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Appendix IV

Product information received from manufacturers and safety organisations.

Consumer products, activity and numbers.

Product Source and activity range Annual numbers produced
for consumer use

Ionisation smoke detectors Am-241;             4.4 to 18.5 kBq ~2 million in UK
similar expected in Germany

Thoriated tungsten welding
electrodes

Th (nat); ~1 million in Germany
similar expected in UK

Lighting units (high intensity)
         (i) glow starters
        (ii) special halide
        (iii) 'special' halide/
                fluorescent

Kr-85;                            < 2 kBq
Kr-85;                             ~2 kBq
Kr-85;                           ~30 kBq

200 million in Europe
14 million in Europe
10,000 in Europe

Thoriated gas mantles Th (nat) approx. 0.5 million in Germany
for public and commercial use.
None produced in UK

Low volume or low number or "non-consumer" products.

Luminous compass H-3,                                 NA* Imports of several 10,000
ordinary compasses, includes
~1,000 luminous compasses.

GTLDs
[gaseous tritium lighting
devices]

H-3;                                 NA* Withdrawn in UK

Lightning conductors Ra-226                                      " Licence withdrawn in UK

Volume detectors Cs-137/Sr-90;                           " Nil in UK for consumer usage

Thickness gauges Cs-137/Sr-90;                           " "

Ionisation gauge Am-241;                                   " "

Industrial/research "targets" Th/H-3 ;                                   " "

* Not Available
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APPENDIX V
CEC Radiation Protection 65, Doc.XI-028/93
Basic assumptions for dose and risk criteria

The individual effective dose criteria (or dose constraint) for routine exposure
conditions adopted in the RP 65 approach for the determination of reporting levels is 10 µSv
per year. Two different situations are distinguished in the calculations: normal situations and
low probability events (accidents). In ICRP 60, it is assumed that the risk of fatal cancer (over
the lifetime) due to exposure to ionizing radiation is based on the linear non-threshold
hypothesis 5 10-2 per sievert. This value is used here to relate the dose criteria to a risk criteria.

Risk criteria for normal situation:

The annual dose criteria for normal situations guarantees that the maximum individual
risk per year related to the reporting level is:

(10 µSv.year-1).(5 10-2 effect.Sv-1) = 5 10-7  fatal cancer per year of exposure

Risk criteria for low probability events:

As soon as low probability events are considered, it should be verified that the product
of probability and consequence is lower or at least equal to the risk criteria defined for normal
situations. Assuming an annual probability p for a misuse or a “low probability event”, the
individual dose criteria defined for the normal situation is no longer valid, but the individual
dose D has to satisfy the following relationship:

p x D x fatal cancer risk factor  �  Risk criteria for normal situations
which means:

p x D x fatal cancer risk factor  �  5 10-7 fatal cancer/year

The low probability events correspond to pessimistic situations and it can be reasonably
assumed that the probability of occurrence per year for these situations is actually lower than
10-2. Thus, according to the previous relationships, it is possible to derive the individual dose
criteria per event for the public and workers (assuming p ��10-2) as follows:

p x Dmax x risk factor = (10-2.year-1) x Dmax x 5 10-2 = 5 10-7 fatal cancer/year
Dmax = (5 10-7 / 5 10-2) Sv 102

Dmax = 1 mSv per event

Skin contamination:

The basic dose criteria for the normal exposure situation is 50 mSv.year-1. This dose criteria is
also applied to accidental situations. In other words, if the event occurs, a skin dose of 50 mSv
is unlikely to be exceeded for such exposure conditions.
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