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Disclaimer
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The main raw material for the zirconium industry is zircon 
(zirconium silicate - ZrSiO4) which in most situations is 
considered to be a naturally occurring radioactive material 
(NORM) due to low levels of thorium (Th) and uranium 
(U). The Th and U levels may be sufficiently low that the 
zircon can be considered to be non-radioactive; however, 
where the Th and U exceed exemption levels, this will 
trigger a number of regulatory obligations.

The determination of whether a material is or is not 
radioactive for any purpose, including transport, is based 
on regulatory guidance issued by the International Atomic 
Energy Agency (IAEA), which is the primary global authority 
on the regulation of radioactive materials. While companies 
need to follow the regulations issued by individual countries, 
these are generally based on IAEA guidance, although often 
with some variation.

When specifically considering transport, a material 
is deemed to be radioactive when the radioactivity 
concentration is above 10 becquerels per gramme1 (10 
Bq/g) of  Th and U combined. Materials exceeding this level 
are also classified in United Nations modal regulations as 
Class 7 Dangerous Goods. The Bq/g level can be determined 
from the levels of  Th and U (or ThO2 and U3O8) in the 
assay results.  

Should any shipments of zircon exceed the 10 Bq/g 
exemption level, they would be shipped as Class 7 
Dangerous Goods, requiring compliance with a significantly 
greater number of international, national and local regulatory 
requirements. This compliance burden may lead maritime 
carriers to decline the cargo, resulting in Denial of Shipment 
(DoS). The ability to ship zircon as exempt material is 
therefore a distinct advantage for the industry.

The Zircon Industry Association (ZIA) recommends that 
its members fully comply with all applicable international, 
national and local regulations governing the safe and secure 
transport of zircon, whether radioactive or not. By using this 
guidance document, those intending to transport zircon will 
be following international best practice and will comply with 
regulations governing the transport of radioactive materials.

As noted by the IAEA: “the prime responsibility for safety 
must rest with the person or organization responsible 
for facilities and activities that give rise to radiation risks.”2 
Those responsible need to assess on a regular basis the 
radioactivity concentrations in their materials, and act 
accordingly.
1  A becquerel is one radioactive decay per second and is therefore a measure of 
radioactivity.  Bq/g is therefore the radioactivity concentration by weight.

2  IAEA SSR-6, paragraph 101.
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For zircon, Th and U fall within the range 0.4-1.0 Bq/g 
and 2-5 Bq/g, respectively, making a combined total 
of approximately 2-6 Bq/g. Therefore, zircon typically 
falls below the 10 Bq/g level and is exempt from the 
transport regulations for radioactive materials.
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In zircon, atoms of  Th and U are locked within a mineral 
matrix, with the Th and U interchangeably occupying the 
same crystal sites as the Zr atoms, making it impossible to 
separate them solely by physical means. The Th and U atoms 
decay slowly over time, producing ‘daughter’ radionuclides 
that remain locked in the matrix until the zircon is chemically 
or thermally processed.

The only way to reduce the content of Th, U and their 
daughter elements is to apply specialised chemical or 
thermal processing, or dilution with other substances in 
thermal processes.  These can only be performed at facilities 
far from the mine sites, and transport to these facilities is 
therefore required, most often by sea in bulk shipments.

The combined radioactivity concentration for natural 
Th and U in typical zircon is between 2 and 6 Bq/g3.  
Therefore, most zircon lies below the 10 Bq/g exemption 
level and can be transported as general cargo (i.e. non-
radioactive material). In order to demonstrate that a 
shipment is exempt from transport as radioactive material, 
the producer/consignor needs to determine the material’s 
radioactivity concentration in Bq/g.

In the rare cases where bulk zircon is transported as a 
radioactive material, complex regulatory requirements will 
apply along any given transport route. Materials containing 
Th and U above the exemption level are described as Class 

7 Dangerous Goods, triggering a number of additional safety 
requirements. Companies have a legal duty of care to their 
workers and the general public and need to comply with 
applicable requirements.

In addition to the international regulations and agreements, 
there are national regulations which are generally based 
on IAEA regulations, although not necessarily on the 
latest edition. Furthermore, as individual countries have 
the sovereign right to amend or add to the regulations 
applicable in their country4, this can result in inconsistent 
or contradictory regulations in different countries along 
a transport route, which need to be verified prior to 
shipment. Finally, local authorities or port operators may also 
impose conditions which need to be observed.

3 NRPB (UK) (1992, 2000); J. Selby (2002); K. Harlow (2016).

4 “Although the national regulators will generally adopt the requirements in IAEA 
standards, an individual Member State, depending upon its specific environmental, 
social, political, or regulatory needs, may impose additional requirements.” in: Severity, 
probability and risk of accidents during maritime transport of radioactive material 
-  TECDOC-1231 (2001), page 8. http://www-pub.iaea.org/MTCD/publications/PDF/
te_1231_prn.pdf

4 5

The IAEA has issued a number of guidance documents 
providing further background information to assist with 
regulatory compliance. This guide provides a summary 
of this additional information and the key steps that 
companies should take to ensure they fulfil their 
regulatory obligations.

Introduction



Naturally Occurring Radioactive 
Material (NORM)
NORM is essentially defined5 as any material containing only 
the naturally occurring radionuclides K-40, U-235, U-238 and 
Th-232 and their radioactive decay products. Zircon should 
not contain any other radionuclides, i.e. of artificial/human 
origin. The K-40 content is not significant as the exemption 
level is an order of magnitude greater than that of U-238 
and Th-232, while the U-235 content can also be ignored 
as its concentration is naturally limited to 0.72% of the total 
uranium content.

These radionuclides are natural and are not the product of 
any human activity. Although they are continuously decaying 
into other elements, the process is so slow that they still 
exist today. Uranium is the largest and heaviest of all the 
natural radionuclides.

The definition for NORM further states that “Material in 
which the activity concentrations of the naturally occurring 
radionuclides have been changed by a process is included 
in naturally occurring radioactive material”, therefore 
untreated ores, mineral concentrates, and the slags and 
waste produced after processing of these raw materials, all 
fall under the classification of NORM.

Radioactivity
‘Radioactivity’ is the decay of radioactive atoms in a 
substance. Radioactive atoms are naturally unstable, because 
either their nucleus is too large or there is an imbalance 
in neutrons and protons in the nucleus.  These atoms ‘lose’ 
some of this instability by giving off radiation spontaneously, 
in order to achieve a more stable composition.

The frequency with which these atoms decay is known as 
radioactivity, and is measured in becquerels (Bq), where 
one becquerel equals one atomic decay per second. The 
amount of radioactivity in a mass of material is known as 
the ’radioactivity concentration’, measured in becquerel per 
unit mass.  The becquerel is a very small unit, and the most 
common measures encountered are:

■■ MBq (megabecquerel)

■■ GBq (gigabecquerel)

■■ Bq/g (becquerel per gram)

■■ kBq/kg (kilobecquerel per kilogramme)

Note that 1 GBq = 1,000 MBq = 1,000,000,000 Bq, while 1 
Bq/g = 1 kBq/kg (they amount to the same).

Radiation
‘Radiation’ is a measure of the energy given off by 
radioactivity, i.e. something radioactive6. There are different 
types of radiation - alpha, beta and gamma. For zircon 
NORM, gamma radiation is of primary concern.

The gamma radiation can be measured by instruments, e.g. 
a Geiger-Müller tube and is often described simply as the 
’dose rate’. It is most often measured in units of sievert (Sv), 
over a set time period.  The sievert is a large unit, and the 
most common measures encountered are:

■■ µSv/h (microsieverts per hour)

■■ mSv/y (millisieverts per year)

Note that 1 mSv = 1,000 µSv.

TENORM
Readers may come across the acronym TENORM, or 
’technologically enhanced NORM (TENORM)’. This 
distinction is popular in some parts of the world (e.g., the 
USA), as some do not agree that NORM should include 
materials with radionuclides disturbed or altered from their 
natural equilibrium. The author follows the IAEA definition 
for NORM, as most NORM is affected by human activity in 
some way and there is no practical or safety benefit to be 
gained by sub-classifying NORM7.

5 IAEA Safety Glossary 2016, p. 110, “naturally occurring radioactive material 
(NORM)”: “Radioactive material containing no significant amounts of radionuclides 
other than naturally occurring radionuclides.”

6 A common analogy is to consider a burning candle.  “Radioactivity” is the decay of 
wax in the candle flame, while “radiation” is the heat given off by the candle flame.

7 See also D. Wymer, IAEA, on p. 33 of the Proceedings of the International 
Symposium on Naturally Occurring Radioactive Material (NORM V, 2007, Seville, 
Spain). 
https://www-pub.iaea.org/MTCD/publications/PDF/Pub1326_web.pdf

Definitions

Secular equilibrium
When Th and U atoms decay, they change into a series 
of different atoms, collectively known as ’decay products’, 
’daughter elements’, ’progeny’ or similar, while the Th and 
U are known as ’parents’.  Th-232, U-235 and U-238 each 
decay along different but similar series, terminating in a form 
of stable lead (Pb), i.e. non-radioactive.

Left undisturbed, daughter elements will be generated up to 
a concentration equal to the parent radionuclide, at which 
point they will be known as being in ’secular equilibrium’.  
At this point, the radioactivity concentration of daughter 
elements will be the same as the parents.

All minerals and ores where the Th and U and daughters are 
locked in a mineral matrix, such as in zircon sand, remain in 
secular equilibrium until they undergo a chemical or thermal 
process sufficiently aggressive to break open the mineral 
matrix.

As zircon sand remains in secular equilibrium, all calculations 
and considerations regarding the radioactivity need only 
consider the Th and U content, as the radioactivity of the 
daughter elements is already taken into account8.

Nevertheless, producers of zircon sand are expected to 
demonstrate that their material is in secular equilibrium, 
prior to a first shipment, and after any significant change 
in the production process or mineral feed.  To do this, it 
is sufficient to analyse for a subset of radionuclides using 
gamma spectroscopy9, and these include:

■■ Th-232 decay chain: Th-232, Ra-228, Th-228.

■■ U-238 decay chain: U-238, Th-230, Ra-226, Pb-210, 
Po-210.

Conversion factors between Bq/g 
and percent thorium / uranium 
Unless noted otherwise, figures quoted in Bq/g (the 
’radioactivity concentration’) refer to the relevant (parent) 
nuclide only, in accordance with the values for Th(nat) and 
U(nat) listed in the IAEA regulations SSR-6 of 2018, which 
have remained unchanged since first introduced in 1996.

The Bq/g values can be measured directly by gamma 
spectroscopy, or by a simple conversion from elemental 
analysis for thorium and uranium. The conversion factors 
applied are as follows:

■■ 1% ThO2 = 35.64 Bq/g (1% Th = 40.55 Bq/g)

■■ 1% U3O8 = 105.0 Bq/g (1% U = 123.8 Bq/g)

See Annex 1 for worked examples of how to calculate the 
Bq/g from assay results.

8 IAEA SSR-6, Table 2, footnote (b); also SSG-26 para. 401.8.

9 Gamma-ray spectroscopy measures the frequency and energy intensity of gamma 
rays emitted by a material.  It is a specialist analytical method providing a high 
degree of sensitivity and accuracy, particularly useful if a chemical analysis method or 
instrument is not sufficiently sensitive to low levels of thorium and uranium.
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Transport of radioactive materials in compliance with IAEA 
regulations is intrinsically safe.  The regulations are designed 
so as to provide passive safety, meaning that no active 
measures are required during transport to ensure safety - 
safety is built into the packaging requirements.

Despite this, transports subject to Class 7 regulations can 
attract negative comment from some sectors of the public 
and authorities, regardless of the actual nature of the 
material, its characteristics and the benefits they can bring to 
society.10

Transport in compliance with all applicable regulations 
therefore faces a number of additional difficulties:

■■ Conflicting requirements between international and 
national regulations, and/or between different national 
regulations. These may arise in classification criteria, 
requirements during transport, or any other area open 
to ambiguity.

■■ The negative perception of radioactive materials by 
some authorities and members of the public has led to 
transport bans through certain areas, or to additional 
requirements being imposed.

These difficulties are particularly problematic for some 
routes.  The resulting compliance burden has led to some 
carriers reaching the decision that the transport of Class 7 
goods is not economically sustainable, resulting in Denial of 
Shipment (DoS).

Companies wishing to arrange a shipment of radioactive 
material in these circumstances will generally find a lack of 
carriers willing to quote for the transport required, or in 
quotes that exceed the general freight rate by much more 
than a factor of 10.

While working to meet its regulatory obligations, a company 
actually or potentially facing these difficulties may wish to 
consider the following parallel approach:

■■ Research the potential routes from consignor to 
consignee, including every port of call, whether for 
transit or transhipment.

■■ Identify the regulations applicable in each country, 
region and port along the transport route. Contact 
the authorities in each of these areas to verify 
information and provide advance notice of the 
intended transport.

■■ Contact the competent authority in your country, 
introduce your company, and develop a rapport. 
Maintaining good communication and mutual trust 
with your regulator may be useful both in the short 
and long term.

■■ Armed with the above, approach freight forwarders 
and carriers from a position of strength to explain the 
transport required.

Transport of
radioactive material

10 Some authorities assume that all Class 7 material is nuclear waste and are surprised 
to discover that this is far from correct; in fact, the vast majority of Class 7 shipments 
are medical radiopharmaceuticals.

Transport of radioactive material has perhaps the most 
enviable safety record of any type of transport - there 
has never been a single fatality attributable to the 
transport of radioactive material.
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Overview 
Regulations applied to the transport of radioactive materials 
are initially developed by the International Atomic Energy 
Agency (IAEA), a United Nations agency based in Vienna, 
Austria. This agency has a mandate11 “to accelerate and 
enlarge the contribution of atomic energy to peace, health 
and prosperity throughout the world.” Included in this 
mandate is the authorisation “To establish or adopt, .... 
standards of safety for protection of health and minimization 
of danger to life and property (including such standards for 
labour conditions)....”12. The first set of transport regulations 
appeared in 1961, and over the following decades have 
undergone a continuous process of comprehensive review 
and revision.

The IAEA regulations are then applied along two parallel 
paths:

■■ International regulations: the IAEA regulations 
are incorporated into the United Nations ‘modal 
regulations’, which are then used as the basis for the 
various ‘modal regulations’ for international transport 
by air, land or sea e.g. ICAO13  Technical Instructions, 
UNECE14  ADR15  (and RID16 et al.), and IMO17  
IMDG18  Code.

■■ National regulations: each country implements the 
IAEA regulations to a varying degree. Some are nearly 
identical texts, other countries modify, add or remove 
sections of the text, leading to differences between 
jurisdictions.

A company must comply with national regulations in each 
country where its material is transported, as well as any local 
regulations in ports, cities or regions, and additionally with 
international regulations for those stretches of transport that 
fall within the scope of those international regulations. For 
example:

For a shipment from country A via a sea route to country B 
and subsequently land transport to country C, the consignor 
company must comply with the following:

■■ National regulations in origin country A for the land 
transport from the consignor facility to the port, and 
any particular port regulations.

■■ IMDG Code for the sea transport from the port in 
country A to the port in country B.

■■ National regulations of the flag country of the ship 
used for sea transport.

■■ National regulations and any port regulations in every 
port of call (whether transit or transhipment), along 
the route from country A to country B.

■■ Port regulations on arrival in country B, and national 
regulations in country B for the land transport from 
the port to the border with country C.

■■ National regulations in destination country C for 
the land transport to the final destination (from the 
border with country B to the consignee facility).

■■ In addition, where it exists, a regional agreement such 
as ADR or RID for the land transport from the port in 
country B to the consignee facility in country C.

Note that the IAEA regulations do not appear anywhere 
in the above example; however, the IAEA regulations form 
the basis for all the other regulations, therefore familiarity 
with the IAEA regulations provides a good grounding for 
complying with the other regulations.

Transportation regulations

11 Statute of the IAEA, 23 October 1956, as amended 28 December 1998,  Article II.
12 Statute of the IAEA, 23 October 1956, as amended 28 December 1998,  Article III, 
para. 6.
13 International Civil Aviation Organisation.
14 United Nations Economic Commission for Europe.
15 European Agreement Concerning the International Carriage of Dangerous Goods 
by Road.
16 Regulations concerning the International Carriage of Dangerous Goods by Rail.
17 International Maritime Organization.
18 International Maritime Dangerous Goods Code.



The latest edition at the time of writing are the “Regulations 
for the Safe Transport of Radioactive Material, 2018 Edition 
(Rev. 1)”, also known simply as SSR-6 (Rev. 1). This replaced 
the previous edition of 2012.  SSR-6 of 2018 is available at 
the following link:

https://www-pub.iaea.org/MTCD/Publications/PDF/
PUB1798_web.pdf

SSR-6 defines radionuclide specific exemption levels in 
units of radioactivity concentration Bq/g, below which 
materials are outside of the scope of regulatory control. 
The exemption levels are raised by a factor of 10 for natural 
materials and ores, including materials processed by physical 
and/or chemical means.

For the transport of zircon, the radionuclides of concern are 
essentially only those listed as Th(nat) and U(nat), provided 
that these two elements are in natural equilibrium with their 
decay products.  The exemption levels listed in SSR-6 are 1 
Bq/g for both Th(nat) and U(nat), therefore for NORM the 
exemption level becomes 10 Bq/g.

Guidance material
In addition to the SSR-6 regulations, the IAEA also maintains 
the following guidance documents19 which are reviewed 
and revised on a regular basis.  These are useful in helping to 
understand the purpose of regulatory text and how it may 
be complied with, and in this respect the two most useful 
documents in this list for anyone new to this field, are SSG-
26 and SSG-33:

■■ Advisory Material for the IAEA Regulations for the 
Safe Transport of Radioactive Material (2012 Edition) 
- SSG-26; 20 
http://www-pub.iaea.org/MTCD/Publications/PDF/
Pub1586web-99435183.pdf 

■■ Planning and Preparing for Emergency Response to 
Transport Accidents Involving Radioactive Material - 
TS-G-1.2 (ST-3) - 2002 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1119_scr.pdf 

■■ Radiation Protection Programmes for the Transport of 
Radioactive Material - TS-G-1.3 - 2007 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
pub1269_web.pdf 

■■ The Management System for the Safe Transport of 
Radioactive Material - TS-G-1.4 - 2008 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1352_web.pdf 

■■ Schedules of Provisions of the IAEA Regulations for 
the Safe Transport of Radioactive Material (2012 
Edition) - SSG-33 - published in 2015; 21 
http://www-pub.iaea.org/MTCD/Publications/PDF/
Pub1666web-37958620.pdf 

The IAEA
transport regulations

19 Note the related document “Compliance Assurance for the Safe Transport of 
Radioactive Material” - TS-G-1.5 - 2009 Edition ( http://www-pub.iaea.org/MTCD/
publications/PDF/Pub1361_web.pdf ) is intended for government competent 
authorities only.

20 SSG-26 is basically an accompanying text to be read in conjunction with the 
regulations SSR-6: almost paragraph by paragraph, SSG-26 explains the purpose and 
background of the text in SSR-6.  The 2008 and earlier versions of this document 
were known as TS-G-1.1.

21 SSG-33 basically provides a full summary of the requirements, listing the regulatory 
paragraphs that apply to each UN number.  To ship UN 2910 or UN 2912, look up the 
relevant UN number and you find a list of the applicable paragraphs to be complied 
with. The previous 2005 version of this document was known as TS-G-1.6.

As noted above, the IAEA document SSR-6 acts only as a 
recommendation, despite having the word “Regulations” in 
its title. 22  SSR-6 forms the basis for other modal regulations, 
for example:

■■ The “Recommendations on the Transport of 
Dangerous Goods, Model Regulations” (UN Model 
Regulations) - Rev. 20 published 2017; 
http://www.unece.org/trans/danger/publi/unrec/
rev20/20files_e.html

■■ The “International Maritime Dangerous Goods Code” 
(IMDG Code) for transport by sea - published 2016 
(not available for free download); 
http://www.imo.org/en/Publications/IMDGCode/Pages/
Default.aspx

■■ The “European Agreement Concerning the 
International Carriage of Dangerous Goods by Road” 
(ADR) for transport by road in the EU and signatory 
countries - published 2017; 
http://www.unece.org/trans/danger/publi/adr/
adr2017/17contentse0.html

■■ The “Regulations concerning the International Carriage 
of Dangerous Goods by Rail” (RID) for transport by 
rail in the EU and signatory countries - published 2015; 
http://otif.org/en/?page_id=112

■■ The “European Agreement Concerning the 
International Carriage of Dangerous Goods by Inland 
Waterway” (ADN) for transport by inland waterway 
in the EU and signatory countries - published 2017;  
http://www.unece.org/trans/danger/publi/adn/
adn2017/17files_e0.html

■■ The “Technical Instructions for the Safe Transport 
of Dangerous Goods by Air” (ICAO Technical 
Instructions) for transport by air – published 2017; 
https://store.icao.int/technical-instructions-for-the-safe-
transport-of-dangerous-goods-by-air-2017-2018-doc-
9284-english-printed-13839.html

Further reading, guidance, research papers etc. are listed in 
Annex 3.

Other transport regulations,
including modal regulations

22 It is only used as “regulations” for transport organised for the IAEA.
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In the unlikely event of a zircon batch exceeding the 10 
Bq/g exemption level for transport, it would have to be 
transported as Class 7 radioactive material, as follows:

■■ United Nations Number: UN 2912

■■ Classification: LSA-I

■■ Proper shipping name: “RADIOACTIVE MATERIAL, 
LOW SPECIFIC ACTIVITY (LSA-I), non-fissile or 
fissile-excepted”

LSA-I material may be transported unpackaged (i.e. bulk).  
Whenever shipped as bulk cargo, it must be under “exclusive 
use”, meaning that the road lorry, railcar, and/or vessel hold 
containing the bulk zircon, is not permitted to carry any 
other material.

One of the requirements for unpackaged material is, 
understandably, that there must be no loss of radioactive 
material during routine conditions of transport (i.e. 
disregarding minor mishaps or accidents). This is difficult to 
achieve for any dry, dusty and free-flowing material, and may 
require additional measures or containments to prevent 
loss during transport, and in particular during all loading/
unloading and transfer operations. 23

There is no limit to the quantity of zircon that can be 
transported in one bulk shipment for LSA-I material.  This 
is due to the “A2” value for Th(nat) and U(nat) being 
unlimited. 24

23 For example, this would preclude the use of open crane grabs during transfer 
operations, unless it can be demonstrated that any and all spillages would be 
recovered, and dispersal of airborne dust prevented.

24 The “A2” value is a limit for most radionuclides, for how much may be carried in a 
so-called “Type A” package.  NORM such as zircon base their radioactivity on natural 
thorium Th(nat) and uranium U(nat) whose A2 values are “Unlimited”, and therefore 
any limits based on the A2 are also unlimited for these NORM.

Shipment of
bulk zircon

Zircon minerals generally contain such low levels of naturally 
occurring thorium and uranium as to be well below the 
exemption levels for transport and so are not of regulatory 
concern.  

In those isolated instances where this is not the case, 
the transport of this material is subject to a number of 
regulatory requirements, and companies have a legal duty of 
care to their workers and the general public to comply with 
these requirements.

Overall
conclusion
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Regulatory compliance checklist 
for NORM transport.  
Here follows a step-by-step approach to help establish 
regulatory compliance when planning to perform a shipment 
of NORM that may be subject to Class 7 transport 
regulations, and where to find further details. Some of these 
requirements will appear onerous however this will only be 
the case when establishing these systems.

0)
Only perform this step prior to the first shipment or after 
significant changes in production, otherwise proceed directly 
to Step 1. 

Demonstrate that the material is in secular equilibrium: 

a) If the radioactivity concentration of the daughter 
elements is in equilibrium with the parents, proceed to 
Step 1. 25

b) If the radioactivity concentration of one or more 
daughter elements is significantly greater than its parent 
radionuclide, then the exemption level of 10 Bq/g can 
not be used directly.  Instead, determine whether the 
material is exempt from transport regulations or not, by 
using the mixtures equation given in para. 405 of IAEA 
SSR-6.  If above the calculated exemption level, proceed 
to Step 2. 

1)
Determine the radioactivity concentration of the material in 
units of Bq/g (see worked examples in Annex 1):

a) If it is below 10 Bq/g, the material is exempt from Class 
7 transport regulations.  You may ship the material 
accompanied by an inspection and analysis certificate to 
demonstrate this.

b) If it is above 10 Bq/g, the material is subject to Class 7 
transport regulations; proceed to Step 2. 

2)
Establish a company management system based on 
recognised standards, for all activities relevant to the 
transport of NORM.  You should be prepared to give the 
competent authority access to your facilities for inspection 
to demonstrate compliance with the transport regulations. 
See IAEA document TS-G-1.4 for further guidance. 

Annex 2

3)
Establish a basic radiation protection programme for the 
transport of the NORM.  The nature and extent of the 
measures to be employed will be relatively straightforward 
provided the magnitude and likelihood of radiation 
exposures are kept low, bearing in mind the main exposure 
pathway with bulk zircon will be airborne dust. Companies 
that do not keep NORM on their own premises should 
ensure their sub-contractors discharge this duty. See IAEA 
document TS-G-1.3 for further guidance.

4)
Ensure workers receive appropriate training concerning 
radiation protection, and relevant regulations including the 
IAEA transport regulations. Training should be tailored to 
each role and may include any/all of the following topics:

a) General awareness: categories of radioactive material; 
labelling, marking, placarding, packaging and segregation; 
transport documents; emergency response documents.

b) Function specific: specific requirements applicable to 
person’s function.

c) Safety: (i) accident avoidance, including handling 
equipment and stowage methods; (ii) various exposure 
pathways from radioactive material and how to limit 
exposure; (iii) procedures to be followed in the event of 
a leak/spillage, and any emergency response procedures

5)
Prepare an emergency response plan in the event of 
accidents or incidents during the transport of radioactive 
material.  The emergency provisions in the plan shall 
be designed so as to protect persons, property and 
the environment.  This type of planning is relatively 
straightforward for low level NORM.  See also IAEA 
document TS-G-1.2.

6)
Load the road/rail/sea conveyance for bulk shipment (i.e. 
fill the conveyance with the NORM to be transported). 
Measure the surface dose rate of the material and ensure 
it does not exceed 2 mSv/h (surface dose rates above 2 
mSv/h trigger the requirements for “special arrangement”, i.e. 
prior multilateral approval by competent authorities).

Ensure there can be no escape of the radioactive contents 
(i.e. the NORM cargo), under routine conditions of 
transport.

Worked examples for calculation 
of radioactivity
1)
If a material contains 0.04% ThO2 and 0.06% U3O8, the 
radioactivity concentration would be:

■■ 0.04% x 35.64 + 0.06% x 105 = 1.426 + 6.300 = 7.73 Bq/g

In this case the material would be below the 10 Bq/g exemption 
level for transport and therefore could be transported as general 
cargo. Note however that low activity materials that qualify as 
general cargo may still trigger alarms e.g. gate monitors at industrial 
facilities or handheld monitors used by authorities in ports and at 
border crossings, therefore documentation to demonstrate the low 
activity should always accompany such materials during transport, 
e.g. an analysis certificate and accompanying calculation.

2)
If a 2,000 mt shipment contains 0.08% ThO2 and 0.09% U3O8, the 
radioactivity concentration would be:

■■ 0.08% x 35.64 + 0.09% x 105 = 2.851 + 9.450 = 12.30 Bq/g

In this case the material would be above the 10 Bq/g exemption 
level.

Materials above the 10 Bq/g exemption level and therefore 
subject to transport regulations, will also need to have the total 
radioactivity calculated for the shipment.  The total radioactivity for 
the 2,000 ; dry weight:

■■ 2,000,000,000 x 12.3 = 24,600,000,000 Bq = 24.6 GBq

Note that total radioactivity figures are always likely to be large, 
therefore for convenience these are expressed as GBq, TBq etc.

Annex 1
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9)
Prepare the transport documents for the shipment, 
including: 

a) Identity and contact details for the consignor and 
consignee of the material;

b) UN number (UN 2912 for zircon);
c) Proper shipping name (see Step 7);
d) UN Dangerous Goods number “7”;
e) The identity of the radionuclides present (“Th(nat)” and 

“U(nat)” for zircon);
f) A description of the physical and chemical form of the 

material;
g) The shipment category (a bulk shipment will always be 

“III-YELLOW” under “exclusive use”);
h) The maximum activity of the radioactive contents (see 

Annex 1 worked examples), also marked on the labels 
and/or placards;

i) The TI, also marked on the labels and/or placards;
j) The statement “EXCLUSIVE USE SHIPMENT”;
k) A certification or declaration stating: “I hereby declare 

that the contents of this consignment are fully and 
accurately described above by the proper shipping 
name and are classified, packaged, marked and labelled/
placarded, and are in all respects in proper condition 
for transport according to applicable international and 
national governmental regulations.”, signed and dated by 
the consignor;

l) Any information required by the carrier regarding 
actions to be taken for loading, stowage, carriage, 
handling and unloading, any restrictions on the mode 
of transport, routeing instructions, and emergency 
arrangements. 

10)
The consignor must retain copies of the transport 
documents for at least three months.

11)
While it is NOT a requirement in the IAEA transport 
regulations to notify competent authorities in advance of a 
bulk shipment of zircon as Class 7, note that this may be a 
requirement in national regulations of a jurisdiction along the 
transport route. 29

12)
Apply placards to the two long sides of a railcar, or all four 
sides of a road vehicle.

Further reading
The IAEA also publishes a variety of research papers, 
reviews and studies, in addition to various texts explaining 
the basic principles on which all regulations are based (i.e. 
not just transport).  While not required for compliance, 
they provide a broader and deeper background for those 
interested in understanding the basis for, and wider context 
around, the transport regulations.

■■ Fundamental Safety Principles - SF-1 - 2006 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1273_web.pdf 

■■ Assessing the Need for Radiation Protection Measures 
in Work Involving Minerals and Raw Materials - SRS-49 
- 2006 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1257_web.pdf 

■■ Radiation Protection and NORM Residue 
Management in the Zircon and Zirconia Industries - 
SRS-51 - 2007 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1289_web.pdf 

■■ Application of the Concepts of Exclusion, Exemption 
and Clearance - RS-G-1.7 - 2004 Edition; 
http://www-pub.iaea.org/MTCD/publications/PDF/
Pub1202_web.pdf 

■■ Input data for quantifying risks associated with the 
transport of radioactive material - TECDOC-1346 
(2003); 
http://www-pub.iaea.org/MTCD/publications/PDF/
te_1346_web.pdf 

■■ Regulatory Control for the Safe Transport of 
Naturally Occurring Radioactive Material (NORM) - 
TECDOC-1728 (2013); 
http://www-pub.iaea.org/MTCD/publications/PDF/
te_1728_web.pdf

■■ Transport Saves Lives - brochure calling for action to 
sustain the transport of radioactive material (2012)

Further information is available on the following web page:

■■ IAEA Transport Safety Unit; 
http://www-ns.iaea.org/tech-areas/radiation-safety/
transport.asp

Annex 2 continued Annex 3

29 Such a notification might include: identification of the material being shipped, its 
physical and chemical form, and the radioactive contents; expected dates of shipping 
and arrival, and routeing.  It may be sufficient to make a notification and proceed with 
shipment, without awaiting confirmation of receipt by the competent authority.

7)
Bulk shipments of zircon are classified as UN 2912, LSA-I, 
‘RADIOACTIVE MATERIAL, LOW SPECIFIC ACTIVITY 
(LSA-I), non-fissile or fissile-excepted’. See pages 33-43 of 
SSG-33 for a full list of the SSR-6 regulatory paragraphs to 
be complied with. See also Step 8 regarding Transport Index 
(TI) and labelling.

Bulk shipments of zircon can only be made under “exclusive 
use”, i.e. the road conveyance / railcar / vessel hold, can not 
transport any other material.

8)
UN 2912 shipments have their TI determined by measuring 
the highest radiation dose rate in mSv/h (millisieverts per 
hour) around the conveyance at a distance of one metre, 
and multiplying this value by 100 to obtain the TI25.

Further, the TI is adjusted by a multiplication factor for the 
largest cross-sectional area of the load being measured (for 
a bulk shipment, this will generally be above 20 m2): 26

Largest cross-sectional area of 
the load being measured

Multiplication 
factor

Up to 1 m2 1

Above 1 m2, up to 5 m2 2

Above 5 m2, up to 20 m2 3

Above 20 m2 10

Finally, round up the TI obtained to the nearest one decimal 
place.

The final TI value determines the type of label to be applied, 
and the TI value is noted on the label (except for White-I): 27 

Transport Index (TI) Label type

Less than or equal to 0.05: 1

may be quoted as “0” White-I

0 to 1 Yellow-II

1 to 10 Yellow-III

More than 10 Yellow-III under 
Exclusive Use

25 As explained in the section on “secular equilibrium”, zircon sand that has only 
undergone physical concentration would be expected to be in equilibrium. Minor 
differences between parents and daughters should be allowed for ; how much is 
allowed is a subjective decision that may require discussion with your regulator 
(“competent authority”). Daughters with considerably lower values than their parents 
may be ignored as a conservative approach, in the interests of pragmatism.

26 Radiation dose rate monitors generally measure in units of µSv/h (microsieverts per 
hour), in which case divide the reading in µSv/h by 10 to obtain the TI.

27 For example: if the surface dose rate of a bulk zircon shipment is 11.1 µSv/h 
(0.0111 mSv/h), this gives a TI of 1.11. If a large load greater than 20 m2 in cross-
section, this gives a final TI of 11.1, which requires the label Yellow-III, to be marked 
with the TI of 11.1.

28 These labels are taken from the IAEA document SSR-6, pp. 68-70.  See also pp. 
73-74 for examples of placards.
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