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Class 7 — Radioactive material

" Definition of class 7 - radioactive material

Radioactive material means any material containing radionuclides where both the activity concentration and
the total activity in the consignment exceed the values specified in 2.7.7.2.1-2.7.7.2.6.

The following radioactive materials are not included in class 7 for the purposes of this Code:
(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;

(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 2.7.7.2.

Definitions

A; and A,

A, means the activity value of special form radioactive material which is listed in the table of 2.7.7.2.1 or
derived in 2.7.7.2 and is used to determine the activity limits for the provisions of this Code.

A, means the activity value of radioactive material, other than special form radioactive material, which is
listed in the table of 2.7.7.2.1 or derived in 2.7.7.2 and is used to determine the activity limits for the
provisions of this Code.

Approval - multilateral, unilateral

Multilateral approval means approval by the relevant competent authority both of the country of origin of
the design or shipment and of each country through or into which the consignment is to be transported.

Unilateral approval means an approval of a design which is required to be given by the competent
authority of the country of origin of the design only.

Confinement system means the assembly of fissile material and packaging components specified by the
designer and agreed to by the competent authority as intended to preserve criticality safety.

Containment system means the assembly of components of the packaging specified by the designer as
intended to retain the radioactive material during transport.

Contamination - non-fixed, fixed

Contamination means the presence of a radioactive substance on a surface in quantities in excess of
0.4 Bag/cm? for beta and gamma emitters and low-toxicity alpha emitters, or 0.04 Ba/cm? for all other
alpha emitters.

Non-fixed contamination means contamination that can be removed from a surface during routine
conditions of transport.

Fixed contamination means contamination other than non-fixed contamination.

Criticality safety index {CSl) assigned to a package, overpack or freight container containing fissile material
means a number which is used to provide control over the accumulation of packages, overpacks or freight
containers containing fissile material.

Design means the description of special form radioactive material, low dispersible radioactive material,
package or packaging which enables such an item to be fully identified. The description may include
specifications, engineering drawings, reports demonstrating compliance with regulatory provisions, and other
relevant documentation.
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Exclusive use means the sole use, by a single consignor, of a conveyance or of a large freight container, in
respect of which all initial, intermediate and final loading and unloading is carried out in accordance with the
directions of the consignor or consignee.

Fissile material means uranium-233, uranium-235, plutonium-239, plutonium-241, or any combination of these
radionuclides. Excepted from this definition is:

(@)  natural uranium or depleted uranium which is unirradiated, and

(b} natural uranium or depleted uranium which has been irradiated in thermal reactors only.

Freight container in the case of radioactive material transport means an article of transport equipment
designed to facilitate the transport of goods, either packaged or unpackaged, by one or more modes of
transport without intermediate reloading. It shall be of a permanent enclosed character, rigid and strong
enough for repeated use, and must be fitted with devices facilitating its handling, particularly in transfer
between conveyances and from one mode of transport to another. A small freight container is that which has
either any overall outer dimension less than 1.5 m or an internal volume of not more than 3 m®. Any other
freight container is considered to be a large freight container.

Low dispersible radioactive material means either a solid radioactive material or a solid radioactive material in
a sealed capsule that has limited dispersibility and is not in powder form (see 2.7.10).

Low specific activity (LSA) material, see 2.7.3.

Low-toxicity alpha emitters are: natural uranium; depleted uranium; natural thorium; uranium-235 or uranium-
238; thorium-232; thorium-228 and thorium-230 when contained in ores or physical and chemical
concentrates; or alpha emitters with a half-life of less than 10 days.

Maximum normal operating pressure means the maximum pressure above atmospheric pressure at mean sea-
level that would develop in the containment system in a period of one year under the conditions of
temperature and solar radiation corresponding to environmental conditions in the absence of venting, external
cooling by an ancillary system, or operational controls during transport.

Package means the packaging with its radioactive contents as presented for transport. The types of packages
covered by these provisions, which are subject to the activity limits and material restrictions of 2.7.7 and meet
the corresponding provisions, are:

{a) Excepted package;

{b) Industrial package Type 1 (Type IP-1);
(c) Industrial package Type 2 (Type IP-2);
(d) Industrial package Type 3 {Type IP-3);
(e) Type A package;

f Type B(U) package;

(9) Type B(M) package;

(h) Type C package.

Packaging means the assembly of components necessary to enclose the radioactive contents completely. It
may, in particular, consist of one or more receptacles, absorbent materials, spacing structures, radiation
shielding and service equipment for filling, emptying, venting and pressure relief, devices for cooling,
absorbing mechanical shocks, handling and tie-down, thermal insulation; and service devices integral to the

package. The packaging may be a box, drum or similar receptacle, or may also be a freight container, tank or
intermediate bulk container.

Radiation level means the corresponding dose rate expressed in millisieverts per hour.

Radioactive contents means the radioactive material together with any contaminated or activated solids,
liquids, and gases within the packaging.

Special form radioactive material, see 2.7.4.

Specific activity of a radionuclide means the activity per unit mass of that nuclide. The specific activity of a
material means the activity per unit mass or volume of the material in which the radionuclides are essentially
uniformly distributed.

Surface contaminated object (SCO), see 2.7.5.

Transport index (Tl) assigned to a package, overpack or freight container, or to unpackaged LSA-l or SCO-l,

¥ means a number which is used to provide control over radiation exposure.
Unirradiated thorium means thorium containing not more than 1077 g of uranium-233 per gram of thorium-
232.
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2.7.3

2.7.3.1

2.7.3.2

2.7.3.3

2.7.3.4

2,7.3.5

Unirradiated uranium means uranium containing not more than 2 x 10° Bq of plutonium per gram of uranium-
235, not more than 9 x 10° Bq of fission products per gram of uranium-235 and not more than 5 x 1072 g of
uranium-236 per gram of uranium-235.

Uranium - natural, depleted, enriched

Natural uranium means chemically separated uranium containing the naturally occurring distribution of
uranium isotopes (approximately 99.28% uranium-238 and 0.72% uranium-235 by mass).

Depleted uranium means uranium containing a lesser mass percentage of uranium-235 than in natural
uranium.

Enriched uranium means uranium containing a greater mass percentage of uranium-235 than 0.72%. In
all cases, a very small mass percentage of uranium-234 is present.

Low specific activity (LSA) material, determination of groups

Low specific activity (LSA) material means radioactive material which by its nature has a limited specific
activity, or radioactive material for which limits of estimated average specific activity apply. External shielding
materials surrounding the LSA material shall not be considered in determining the estimated average specific
activity.

LSA material shall be in one of three groups:
(a) LSA

1)) uranium and thorium ores and concentrates of such ores, and other ores containing naturally
occurring radionuclides which are intended to be processed for the use of these radionuclides;

(i)  solid unirradiated natural uranium or depleted uranium or natural tharium or their solid or liquid
compounds or mixtures;

(i)  radioactive material for which the A, value is unlimited, excluding fissile material in quantities not
excepted under 6.4.11.2; or

(iv) other radioactive material in which the activity is distributed throughout and the estimated average
specific activity does not exceed 30 times the values for activity concentration specified in
2.7.7.2.1-2.7.7.2.6, excluding fissile material in quantities not excepted under 6.4.11.2.

(b) LSA-
0] water with tritium concentration up to 0.8 TBqg/¢ or

(i)  other material in which the activity is distributed throughout and the estimated average specific
activity does not exceed 107A,/g for solids and gases, and 1075A,/g for liquids.

(c) LSA-ll: Solids (such as consolidated wastes, activated materials), excluding powders, in which:

0] the radioactive material is distributed throughout a solid or a collection of solid objects, or is
essentially uniformly distributed in a solid compact binding agent (such as concrete, bitumen,
ceramic, etc.);

(ify  the radioactive material is relatively insoluble, or it is intrinsically contained in a relatively insoluble
matrix, so that, even under loss of packaging, the loss of radioactive material per package by
leaching when placed in water for seven days would not exceed 0.1A,; and

(iii)  the estimated average specific activity of the solid, excluding any shielding material, does not
exceed 2 x 107%A,/g.

LSA-lIl material shall be a solid of such a nature that if the entire contents of a package were subjected to the
test specified in 2.7.3.4 the activity in the water would not exceed 0.1A,.

LSA-Ill material shall be tested as follows:

A solid material sample representing the entire contents of the package shall be immersed for 7 days in water
at ambient temperature. The volume of water to be used in the test shall be sufficient to ensure that at the end
of the 7-day test period the free volume of the unabsorbed and unreacted water remaining shall be at least
10% of the volume of the solid test sample itself. The water shall have an initial pH of 6-8 and a maximum
conductivity of 1 mS/m at 20°C. The total activity of the free volume of water shall be measured following the
7-day immersion of the test sample.

Demonstration of compliance with the performance standards in 2.7.3.4 shall be in accordance with 6.4.12.1
and 6.4.12.2.
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* 2.7.4 Provisions for special form radioactive material

2741 Special form radioactive material means either:

(a) an indispersible solid radioactive material; or

of (b) a sealed capsuie containing radioactive material that is so manufactured that it can be opened only by
destroying the capsule.

il : Special form radioactive material shall have at least one dimension not less than 5 mm.

2.7.4.2 Special form radioactive material shall be of such a nature or shall be so designed that, if it is subjected to the
L tests specified in 2.7.4.4~-2.7.4.8, it meets the following provisions:

(a) it would not break or shatter under the impact, percussion and bending tests in 2.7.4.5(a), (b) and (c)
and 2.7.4.6(a), as applicable;

(b} it would not melt or disperse in the applicable heat test 2.7.4.5(d) or 2.7.4.6(b); and

(c) the activity in the water from the leaching tests specified in 2.7.4.7 and 2.7.4.8 would not exceed 2 kBq;

or alternatively for sealed sources, the leakage rate for the volumetric leakage assessment test specified

! in the International Organization for Standardization document [SO 9978:1992(E), “Radiation

’ ' Protection - Sealed radioactive sources - Leakage test methods” would not exceed the applicable
acceptance threshold acceptable to the competent authority.

2.7.4.3 Demonstration of compliance with the performance standards required in 2.7.4.2 shall be in accordance with
6.4.12.1 and 6.4.12.2. :

2.7.4.4 Specimens that comprise or simulate special form radioactive material shall be subjected to the impact test,
the percussion test, the bending test, and the heat test specified in 2.7.4.5 or alternative tests as authorized in
2.7.4.6. A different specimen may be used for each of the tests. Following each test, a leaching assessment or
volumetric leakage test shall be performed on the specimen by a method no less sensitive than the methods
giveri in 2.7.4.7 for indispersible solid material or 2.7.4.8 for encapsulated material.

2.7.4.5 The relevant test methods are:

{a) Impact test: The specimen shall drop onto the target from a height of 9 m. The target shalll be as defined
in 6.4.14,

(b) Percussion test: The specimen shall be placed on a sheet of lead which is supported by a smooth solid
surface and struck by the flat face of a mild steel bar so as to cause an impact equivalent to that
resulting from a free drop of 1.4 kg through 1 m. The lower part of the bar shall be 25 mm in diameter
with the edges rounded off to a radius of (3.0 + 0.3) mm. The lead, of hardness number 3.5 to 4.5 on
the Vickers scale and not more than 25 mm thick, shall cover an area greater than that covered by the
specimen. A fresh surface of lead shall be used for each impact. The bar shall strike the specimen so as
to cause maximum damage.

(c) Bending test: The test shall apply only to long, slender sources with both a minimum length of 10 cm
and a length to minimum width ratio of not less than 10. The specimen shall be rigidly clamped in a
horizontal position so that one half of its length protrudes from the face of the clamp. The orientation of
the specimen shall be such that the specimen will suffer maximum damage when its free end is struck
by the flat face of a steel bar. The bar shall strike the specimen so as to cause an impact equivalent to
that resulting from a free vertical drop of 1.4 kg through 1 m. The lower part of the bar shall be 25 mm in
diameter with the edges rounded off to a radius of (3.0 + 0.3) mm.

(d) Heat test: The specimen shall be heated in air to a temperature of 800°C and held at that temperature
for a period of 10 minutes and shall then be allowed to cool.

2.7.4.6 Specimens that comprise or simulate radioactive material enclosed in a sealed capsule may be excepted from:

(a) the tests prescribed in 2.7.4.5(a) and 2.7.4.5(b) provided the mass of the special form radioactive
material is less than 200 g and they are alternatively subjected to the class 4 impact test prescribed in
the International Organization for Standardization document ISO 2919:1980(E), “Sealed radioactive
sources - Classification”, and

(b) thetest prescribed in 2.7.4.5(d) provided they are alternatively subjected to the class 6 temperature test
specified in the International Organization for Standardization document ISO 2919:1980(E), “Sealed
radioactive sources - Classification".

2.7.4.7 For specimens which comprise or simulate indispersible solid material, a leaching assessment shall be
performed as follows:

(a) The specimen shall be immersed for 7 days in water at ambient temperature. The volume of water to be
used in the test shall be sufficient to ensure that at the end of the 7-day test period the free volume of the

IMDG CODE (Amadt. 31-02) 79

1
a
=
¢
i
!
‘




Part 2 - Classification

unabsorbed and unreacted water remaining shall be at least 10% of the volume of the solid test sample
itself. The water shall have an initial pH of 6~8 and a maximum conductivity of 1 mS/m at 20°C.

(b) The water with specimen shall then be heated to a temperature of (50 + 5)°C and maintained at this
temperature for 4 hours.

(c) The activity of the water shall then be determined.

(d) The specimen shall then be kept for at least 7 days in still air at not less than 30°C and relative humidity
not less than 90%.

(e) The specimen shall then be immersed in water of the same specification as in (a) above and the water
with the specimen heated to (50 £ 5)°C and maintained at this temperature for 4 hours.

{f) The activity of the water shall then be determined.

2,748 For specimens which comprise or simulate radioactive material enclosed in a sealed capsule, either a leaching

(a)

(b)

assessment or a volumetric leakage assessment shall be performed as follows:

The leaching assessment shall consist of the following steps:

(i The specimen shall be immersed in water at ambient temperature. The water shall have an initial
pH of 6-8 with a maximum conductivity of 1 mS/m at 20°C.

(i)  The water and specimen shall be heated to a temperature of (50 + 5)°C and maintained at this
temperature for 4 hours.

(iii)  The activity of the water shall then be determined.

(iv) The specimen shall then be kept for at least 7 days in still air at not less than 30°C and relative
humidity of not less than 90%.

(v)  The process in (i), (ii) and (iii) shall be repeated.

The alternative volumetric leakage assessment shall comprise any of the tests prescribed in the
International Organization for Standardization document ISO 9978:1992(E), “Radiation Protection -
Sealed radioactive sources - Leakage test methods”, which are acceptable to the competent authority.

2.7.5 Surface contaminated object (SCO), determination of groups

Surface contaminated object (SCO) means a solid object which is not itself radioactive but which has
radioactive material distributed on its surfaces. SCO is classified in one of two groups:

(a)

(b)

SCO-I: A solid object on which:

(i) the non-ixed contamination on the accessible surface averaged over 300 cm? {or the area of the
surface if less than 300 cm?) does not exceed 4 Bg/cm? for beta and gamma emitters and low-
toxicity alpha emitters, or 0.4 Bg/cm? for all other alpha emitters; and

(i)  the fixed contamination on the accessible surface averaged over 300 cm? (or the area of the
surface if less than 300 cm?) does not exceed 4 x 10* Bg/cm? for beta and gamma emitters and
low-toxicity alpha emitters, or 4 x 10% Bag/cm? for alt other alpha emitters; and

(i} the non-fixed contamination plus the fixed contamination on the inaccessible surface averaged
over 300 cm? (or the area of the surface if less than 300 cm?) does not exceed 4 x 10* Bg/cm?
for beta and gamma emitters and low-toxicity alpha emitters, or 4 x 10® Bg/cm? for all other
alpha emitters.

SCO-lI: A solid object on which either the fixed or non-fixed contamination on the surface exceeds the
applicable limits specified for SCO-l in {a) above and on which:

(i) the non-fixed contamination on the accessible surface averaged over 300 cm? (or the area of the
surface if less than 300 cm?) does not exceed 400 Ba/cm? for beta and gamma emitters and low-
toxicity alpha emitters, or 40 Bg/cm? for all other alpha emitters; and

(i) the fixed contamination on the accessible surface, averaged over 300 cm? (or the area of the
surface if less than 300 cm?) does not exceed 8 x 10° Bg/cm? for beta and gamma emitters and
low-toxicity alpha emitters, or 8 x 104 Bq/r.:m2 for all other alpha emitters; and

(ii) the non-fixed contamination plus the fixed contamination on the inaccessible surface averaged
over 300 cm? (or the area of the surface if less than 300 cm?) does not exceed 8 x 10° Ba/cm?
for beta and gamma emitters and low-toxicity alpha emitters, or 8 x 104 Bq/cm2 for all other
alpha emitters.
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2.7.6

2.7.6.1

2.7.6.1.1

2.7.6.1.2

2.7.6.2

2.7.6.2.1

2.7.6.2.2

2.7.7

2.7.71

2.7.71.1

2.7.7.1.2

2.7.7.1.21

Determination of transport index (Tl) and criticality safety index (CSl)

Determination of transport index (Tl)
The transport index (Tl) for a package, overpack or freight container, or for unpackaged LSA- or SCO-|, shall
be the number derived in accordance with the following procedure:

(a) Determine the maximum radiation level in units of millisieverts per hour (mSv/h) at a distance of 1 m
from the external surfaces of the package, overpack, freight container, or unpackaged LSA-l and SCO-I.
The value determined shall be multiplied by 100 and the resulting number is the transport index. For
uranium and thorium ores and their concentrates, the maximum radiation level at any point 1 m from the
external surface of the load may be taken as:

0.4 mSv/h for ores and physical concentrates of uranium and thorium;
0.3 mSv/h for chemical concentrates of thorium;
0.02 mSv/h  for chemical concentrates of uranium, other than uranium hexafluoride.

(b} For tanks, freight containers and unpackaged LSA-l and SCO-|, the value determined in step (a) above
shall be multiplied by the appropriate factor from the table hereunder.

(c) The value obtained in steps (a) and (b) above shall be rounded up to the first decimal place (e.g. 1. 13
becomes 1.2), except that a value of 0.05 or less may be considered as zero.

Multiplication factors for large dimension loads

Size of load* Multiplication factor

size of load <1 m? 1

1 m? <size of load <5 m?

5 m? <size of load <20 m?

20 m? <size of load 10

*Largest cross-sectional area of the load being measured.

The transport index for each overpack, freight container or conveyance shall be determined as either the sum
of the Tls of all the packages contained, or by direct measurement of radiation level, except in the case of non-
rigid overpacks, for which the transport index shall be determined only as the sum of the TlIs of all the

packages.

Determination of criticality safety index (CSI)

The criticality safety index (CSl) for packages containing fissile material shall be obtained by dividing the
number 50 by the smaller of the two values of N derived in 6.4.11.11 and 6.4.11.12 (i.e. CS| = 50/N). The value
of the criticality safety index may be zero, provided that an unlimited number of packages is subcritical (i.e. N is
effectively equal to infinity in both cases).

The criticality safety index for each consignment shall be determined as the sum of the CSIs of all the
packages contained in that consignment.

Activity limits and material restrictions

Contents limits for packages

General

The quantity of radioactive material in a package shall not exceed the relevant limits specified in 2.7.7.1.2-
2.7.7.1.8.

Excepted packages

For radioactive material other than articles manufactured of natural uranium, depleted uranium or natural
thorium, an excepted package shall not contain activities greater than the following:

{(a)  where the radioactive material is enclosed in or is included as a component part of an instrument or
other manufactured article, such as a clock or electronic apparatus, the limits specified in columns 2
and 3 of the table hereunder for each individual item and each package, respectively; and
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{b) where the radioactive material is not so enclosed in or is not included as a component of an instrument

or other manufactured article, the package limits specified in column 4 of the table hereunder.

Activity limits for excepted packages

Instrument or article Materials
Physical state of contents — -
ftem limits® Package limits® Package limits®

Solids:

special form 1072 A, A 1070 A,

other forms 1072 Az Az 107 A,
Liquids 1072 A, 107" A, 107 A,
Gases:

tritium 2 x 1072 A, 2 x 107" A, 2 x 10724,

special form 1072 A, 1072 A, 1072 A,

other forms 1072 4, 1072 A, 1073 A,

2 For mixtures of radionuclides, see 2.7.7.2.4-2.7.7.2.6

2.7.7.1.2.2  For articles manufactured of natural uranium, deplsted uranium or natural thorium, an excepted package may
contain any quantity of such material provided that the outer surface of the uranium or thorium is enclosed in
an inactive sheath made of metal or some other substantial material.
2.7.7.1.3 Industrial packages
The radioactive contents in a single package of LSA material or in a single package of SCO shall be so
restricted that the radiation level specified in 4.1.7.2.1 is not exceeded, and the activity in a single package
shall also be so restricted that the activity limits for a conveyance specified in 7.1.14.2 are not exceeded.
2.7.71.4 Type A packages
2.7.7.1.4.1 Type A packages shall not contain activities greater than the following:
(a) for special form radioactive material - Aq; or
(b) for all other radioactive material - A,.
2.7.7.1.4.2 For mixtures of radionuclides whose identities and respective activities are known, the following condition
shall apply to the radioactive contents of a Type A package:
B(i) C(j)
— =+ ~-<1
ZA«:) ,ZAZO)
where: B(i) is the activity of radionuclide i as special form radioactive material and A,(/) is the A, value for
radionuclide /; and
C{j) is the activity of radionuclide j as other than special form radioactive material and Az(j) is the A,
value for radionuclide j.
2.7.71.5 Type B(U) and Type B(M) packages
2.7.7.1.5.1 Type B(U) and Type B(M)} packages shall not contain:
(a) activities greater than those authorized for the package design,
(b) radionuclides different from those authorized for the package design, or
(c) contents in a form or a physical or chemical state different from those authorized for the package design
as specified in their certificates of approval.
2.7.7.1.6 Type C packages
Note: Type C packages may be transported by air carrying radioactive material in activities exceeding either
3,000A, or 100,000A,, whichever is the lower for special form radioactive material. Whilst Type C packages
are not required for sea transport of radioactive material in such activities (Type B(U) or Type B(M) packages
suffice), the following provisions are presented since such packages may also be transported by sea.
Type C packages shall not contain:
(a) activities greater than those authorized for the package design,
(b) radionuclides different from those authorized for the package design, or
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{(c) contents in a form or physical or chemical state different from those authorized for the package design

as specified in their certificates of approval.

2.7.7.1.7 Packages containing fissile material
Packages containing fissile material shall not contain:
(a) a mass of fissile material different from that authorized for the package design,
(b)  any radionuclide or fissile material different from those authorized for the package de§ign, or

(c) contents in a form or physical or chemical state, or in a spatial arrangement, different from those
authorized for the package design

as specified in their certificates of approval, where appropriate.

2.7.7.1.8 Packages containing uranium hexafluoride

The mass of uranium hexafluoride in a package shall not exceed a value that would lead to an ullage smailer
than 5% at the maximum temperature of the package as specified for the plant systems where the package
shall be used. The uranium hexafluoride shall be in solid form and the internal pressure of the package shall
be below atmospheric pressure when presented for transport.

2.7.7.2 Activity levels

2.7.7.21 The following basic values for individual radionuclides are given in the table hereunder:
(a) A, andA;inTBaq;
(b) activity concentration for exempt material in Ba/g; and

(c)  activity limits for exempt consignments in Bg.

Table 2.7.7.2.1 - Basic radionuclide values

Ay Az Activity Activity limit for
Radiqnuclide {atomic number) ceilﬁ;:r::iact):riler cz:;;:::g :‘t
(TBq) (TBa) {Ba/g) (Ba)
Actinium (89)
Ac-225 (a) 8x107" 6x107° 1x10' 1% 10*
Ac-227 (a) 9x 10" 9x107° 1% 107" 1x10°
Ac-228 6x107" 5x107" 1% 10 1x10°
Silver (47)
Ag-105 2x10° 2x10° 1%x102 1x10°
Ag-108m (a) 7x107" 7x107" 1x 10" (b) 1x10% (b)
Ag-110m (a) 4x107" 4x107" 1x10’ 1x 108
Ag-111 2x10° 6x107" 1x103 1% 108
Aluminium (13) '
Al-26 1x10" | 1x107 1% 10" | 1%10°
Americium (95)
Am-241 1x 10’ 1x1078 1x10° 1x10*
Am-242m (a) 1x10° 1x1073 1x10° (b) 1x10* (b)
Am-243 (a) 5% 10° 1x1073 1x10% (b) 1x10% (b)
Argon (18)
Ar-37 4x10’ 4x10" 1x10° 1x 108
Ar-39 4x10° 2x 10" 1x107 1x10°
Ar-41 3x 107" 3x 107" 1% 102 1x10°
Arsenic (33)
As-72 3x 107" 3x107" 1x10° 1x10°
As-73 4x%x10’ 4x%10’ 1x10° 1x107
As-74 1x10° 9x 107" 1x10’ 1x10°
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Ay Az Activity Activity limit for
Radionuclide (atomic number) (::::;:;:r:‘t;?:r::: c2:sei;:rr:z:n
(TBq) {TBa) (Ba/g) (Ba)

As-76 3x107" 3x 107" 1x 102 1x10°
As-77 2x10' 7x107" 1x%10° 1x10°
Astatine (85)
At-211 (a) 2x10' | sxi0” 1x10° 1x107
Gold (79)
Au-193 7x10° 2 x10° 1x102 1%107
Au-194 1x10° 1x10° 1x10° 1x 108
Au-195 1x10’ 6x 10° 1x 102 1% 107
Au-198 1x10° 6x 107" 1x10? 1% 108
Au-199 1x 10" 6x107" 1x 102 1x10°
Barium (56)
Ba-131 (a) 2x10° 2x10° 1x10? 1x 108
Ba-133 3x10° 3x10° 1x 102 1x10°
Ba-133m 2x10’ 6x107" 1% 102 1x10°
Ba-140 (a) 5x107" 3x107" 1x 10 (b) 1x10° (b)
Beryllium (4)
Be-7 2x10’ 2x%10" 1x10° 1x107
Be-10 4x10° 8x 107" 1x10* 1x108
Bismuth (83)
Bi-205 7x107" 7x107" 1x10’ 1x10®
Bi-206 3x107" 3% 107" 1x10’ 1x10°
Bi-207 7x107" 7x 107" 1x10° 1% 108
Bi-210 1x10° 8x 107" 1x10° 1x10°
Bi-210m (a) 6x 107" 2x 1072 1x10’ 1% 10%
Bi-212 (a) 7x107" 6x 107" 1x 10" (b) 1x10% (b)
Berkelium (97)
Bk-247 8x10° 8x107* 1x10° 1x10%
Bk-249 (a) 4x10’ 3x107" 1x10° 1x 108
Bromine {35)
Br-76 4x107" 4x107 1x10" 1x10°
Br-77 3x10° 3x10° 1% 102 1x10°
Br-82 4x107" 4x107" 1% 10" 1x10°
Carbon (6)
C-11 1x10° 6x10™’ 1x10° 1x108
C-14 4x10" 3x10° 1x10% 1x107
Calcium (20)
Ca-41 Uniimited Unlimited 1x10° 1x 107
Ca-45 4x10" 1x10° 1x10* 1x107
Ca-47 (a) 3x10° 3x107" 1x10' 1x10°
Cadmium (48)
Cd-109 3x10’ 2x10° 1x10° 1x10°
Cd-113m 4x10' 5x 107" 1x10° 1x 108
Cd-115 (a) 3x10° 4x107" 1x 102 1x10°
Cd-115m 5x 107" 5x107" 1x10° 1% 10°
Cerium (58)
Ce-139 7% 10° 2% 10° 1% 102 | 1x 10°
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Chapter 2.7 - Class 7 - Radioactive material

Ay A, Activity Activity limit for
Radionuclide (atomic number) ‘2:::;‘:;:’:::;::" Cg:;;ﬁ';g:“

(TBq) (TBq) (Bg/g) (Bq)
Ce-141 2x10" 6x107" 1% 102 1x107
Ce-143 9x 107" 6x107" 1x 102 1x10°
Ce-144 (a) 2x 107" 2x107" 1% 102 (b) 1% 10% (b)
Californium (98)
Cf-248 4x10’ 6x107° 1x10" 1x10°
Cf-249 3x10° 8x107¢ 1% 10° 1x10°
Cf-250 2x10" 2x 1073 1x10’ 1x10*
Ci-251 7 x10° 7x107% 1x10° 1x10°
Cf-252 5% 1072 3x107 1x 10" 1x10*
C1-253 (a) 4x10° 4x10°2 1x 102 1x10°
Cf-254 1x 1072 1x1073 1% 10° 1% 103
Chlorine {17)
C1-36 1x10' 6x107" 1x10* 1%108
Ci-38 2x 107" 2x107" 1% 10’ 1% 10°
Curium (96)
Cm-240 4x10’ 2x1072 1x10? 1x10°
Cm-241 2x10° 1x10° 1x10? 1x10°
Cm-242 4x10’ 1x1072 1x10? 1x10°
Cm-243 9x10° 1x1073 1x10° 1x10%
Cm-244 2x 10" 2x1072 1% 10" 1x10*
Cm-245 9x10° 9x107* 1x10° 1x10°
Cm-246 9x10° 9x107* 1% 10° 1x10%
Cm-247 (a) 3x10° 1x1072 1x10° 1x10*
Cm-248 2x 1072 3x107* 1% 10° 1x10°
Cobalt (27)
Co-55 5x107" 5x 107" 1x 10’ 1x10°
Co-56 3x107" 3x107" 1% 10° 1% 10°
Co-57 1 %10’ 1x 10" 1x 102 1% 108
Co-58 1x10° 1x10° 1% 10’ 1x10°
Co-58m 4x10" 4x10" 1x10* 1x107
Co-60 4x107" 4x10™" 1x 10’ 1x10°
Chromium (24)
Cr-51 3x10" 3x10" 1x10° 1x107
Caesium (55)
Cs-129 4x10° 4% 10° 1x10% 1x10°
Cs-131 3x10' 3x 10" 1x10° 1x10°
Cs-132 1% 10° 1x10° 1x10° 1%10°
Cs-134 7x107" 7x107" 1x10’ 1x10*
Cs-134m 4%10° 6x107" 1x10° 1x10°
Cs-135 4x10 1x10° 1x10* 1x107
Cs-136 5x 107" 5x107" 1x10° 1x10%
Cs-137 (a) 2x10° 6x107" 1% 10" (b) 1x 10 (b)
Copper (29)
Cu-64 6 x 10° 1% 10° 1x 102 1x10°
Cu-67 1% 10’ 7x107" 1x10? 1x10°
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Part 2 - Classification

A4 Az Activity Activity limit for
Radionuclide (atomic number) ce‘:::::;:rra"ﬁa?:r:;r cg:;;;:ﬂg:“

(TBq) (TBq) (Ba/g) (Bg)
Dysprosium (66)
Dy-159 2x10’ 2x 10’ 1x%10° 1x107
Dy-165 9% 107" 6x107" 1x108 1x10°
Dy-166 (a) 9x 107" 3x107" 1x10° 1x108
Erbium (68)
Er-169 4x10" 1x10° 1x10* 1x107
Er-171 8x 107" 5x107" 1x 102 1% 108
Europium (63) )
Eu-147 2x10° 2% 10° 1x10? 1x10°
Eu-148 5x 107" 5x 107" 1x 10’ 1x108
Eu-149 2x 10" 2x10° 1% 102 1x107
Eu-150 {short-lived) 2x10° 7x107" 1x10° 1x108
Eu-150 (long-lived) 7x107" 7x107" 1% 10’ 1x108
Eu-152 1x10° 1x10° 1x 10’ 1x10°
Eu-152m 8x 107" 8x107" 1x10? 1x10°
Eu-154 9x10”" 6x10"" 1x10’ 1x 108
Eu-155 2x10" 3x10° 1x 102 1x107
Eu-156 7x107" 7x107" 1x 10" 1% 108
Fluorine (9)
F-18 1x10° 6x107" 1x10" 1% 108
Iron (26)
Fe-52 (a) 3x 107" 3x107" 1% 10" 1x 108
Fe-55 4x10' 4x10’ 1x10* 1% 108
Fe-59 9x 107" 9x 107" 1x10° 1x108
Fe-60 (a) 4x10" 2x107 1x 102 1x10°
Gallium (31)
Ga-67 7 x 10° 3x10° 1x 102 1x 108
Ga-68 5x10™" 5x107" 1x10" 1x10°%
Ga-72 4x107" 4x10™" 1x10' 1x10°%
Gadolinium (64)
G0-146 (a) 5x 107" 5x107" 1x10° 1x10°
Gd-148 2x 10’ 2x1073 1% 10" 1x10*
Gd-153 1% 10’ 9x10° 1x 102 1x107
Gd-159 3x10° 6x 107" 1x10° 1x 108
Germanium (32)
Ge-68 (a) 5x107" 5x 107" 1% 10" 1x10°
Ge-71 4x10' 4x10' 1x10* 1x108
Ge-77 3x107" 3x107" 1x10’ 1x10°
Hafnium (72)
Hf-172 (a) 6x107" 6x107" 1x10’ 1x 108
Hf-175 3x10° 3x10° 1x10? 1x 108
Hf-181 2x10° 5x107" 1x10" 1x10°8
Hf-182 Unlimited Unlimited 1x102 1x10°
Mercury (80)
Hg-194 (a) 1x10° 1x10° 1%10" 1x10®
Hg-195m (a) 3x10° 7x 107" 1% 10? 1x10°
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Chapter 2.7 - Class 7 - Radioactive material

A,y Ay Activity Activity limit for
Radionuclide (atomic number) ?::::S:r:::::r::lr czzsei;::z;t
(TBq) (TBq) (Bg/g) (8q)
Hg-197 2x 10’ 1x10° 1x10° 1x107
Hg-197m 1x10° 4x107! 1x10? 1x10°
Hg-203 5x10° 1% 10° 1x10? 1x10°%
Holmium (67)
Ho-166 4x107" 4x107" 1x10° 1x10%
Ho-166m 6x 107" 5x 10" 1x 10’ 1x108
lodine (53)
1123 6x10° 3x10° 1% 10? 1x107
124 1% 10° 1x10° 1x 10" 1x10°
125 2x10’ 3x10° 1x10° 1x108
I-126 2x10° 1x10° 1x 102 1x10°
I-129 Unlimited Unlimited 1x10? 1x10°
1-131 3x10° 7x107! 1% 102 1x10°
132 4x 107" 4% 107" 1%10" 1x10°
1133 7x107" 6x107" 1x 10" 1x 108
1134 3x 10" 3x10” 1x10" 1x10°
1-135 (a) 6x 107" 6x107" 1x 10" 1x108
Indium (49)
In-111 3x10° 3x10° 1% 102 1x10°8
In-113m 4x10° 2x10° 1% 102 1% 10°
in-114m (a) 1x 10’ 5% 107" 1x 102 1% 108
In-115m 7x10° 1x10° 1x 102 1x108
Iridium (77)
Ir-189 (a) 1x10" 1x 10" 1x 102 1x107
Ir-190 7x10°" 7x107" 1x10° 1x108
Ir-192 1x 10%c) 6x 107" 1% 10" 1x10*
Ir-194 3x10™" 3x10™" 1% 102 1x10°
Potassium (19)
K-40 9x 10" 9x 107" 1% 102 1x10°8
K-42 2x10™" 2x107 1x 102 1x10°%
K-43 7x107" 6x107" 1x 10 1x108
Krypton (36)
Kr-81 4x10" 4x%10" 1x10° 1x107
Kr-85 1x10" 1x10" 1% 10° 1%10*
Kr-85m 8x10° 3x10° 1x10° 1x10%°
Kr-87 2x 107" 2x107 1x 102 1x 10°
Lanthanum (57)
La-137 3x10° 6x10° 1x10° 1x107
La-140 4x107" 4x107" 1% 10’ 1x 108
Lutetium (71)
Lu-172 6x 107" 6x107" 1% 10° 1x10°
Lu-173 8x10° 8x10° 1 x 102 1x107
Lu-174 9x10° gx10° 1 x10? 1x107
Lu-174m 2x10" 1%10’ 1% 102 1x107
Lu-177 3x10’ 7x 107" 1x10° 1% 107
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Part 2 - Classification

Aq As Activity Activity limit for
Radionuclide (atomic number) Z(;r:::;:r:iac:;if;r cz: s?’g(z:g:\t

(TBa) (TBa) (Ba/g) (Bq)
Magnesium (12)
Mg-28 (a) ax10" | 3x10” 1% 10° 1x10°
Manganese (25)
Mn-52 3x107" 3%10™" 1x10’ 1x10°
Mn-53 Unlimited Unlimited 1x10* 1x10°
Mn-54 1x10° 1x10° 1x10' 1x10°
Mn-56 3x107" 3x10™" 1x10" 1x10°
Molybdenum (42)
Mo-93 4x10’ 2x 10" 1x10° 1% 10°
Mo-99 (a) 1x10° 6x107" 1x10? 1% 10°
Nitrogen (7)
N-13 9x10™" 6x 107" 1x10? 1% 10°
Sodium (11)
Na-22 5x 107" 5x 107" 1x10’ 1x108
Na-24 2x107" 2x107" 1x10° 1x10°
Niobium (41)
Nb-93m 4x10° 3x10° 1x10* 1x107
Nb-94 7x107" 7% 107" 1% 10" 1x10°
Nb-95 1x10° 1x10° 1% 10’ 1x10°
Nb-97 9x 107" 6x107" 1x10° 1x108
Neodymium (60)
Nd-147 8x10Q° 6x107" 1x10? 1x10°
Nd-149 6x107" 5x%107" 1x 102 1x 10°
Nickel (28)
Ni-59 Unlimited Unlimited 1x10° 1% 108
Ni-63 4x10° 3x10" 1x10° 1x108
Ni-65 4x107" 4x107" 1x 10’ 1% 10°
Neptunium (93)
Np-235 4x10" 4x10" 1x10° 1x107
Np-236 (short-lived) 2x 10’ 2x10° 1x10° 1x 107
Np-236 {long-lived) 9x10° 2x1072 1x10? 1x10°
Np-237 2x 10" 2x107° 1x10°% (b) 1x10% (b)
Np-239 7x10° 4x107" 1% 102 1% 107
Osmium (76)
0s-185 1x10° 1x10° 1x10’ 1x10°
Os-191 1% 10" 2x10° 1x10% 1x107
0s-191m 4x%10" 3x 10" 1x10° 1%x107
0s-193 2% 10° 6x107" 1x10? 1x10°
Os-194 (a) 3x107" 3x 107’ 1x10? 1x10°
Phosphorus (15)
P-32 5x107" 5x 107" 1x10° 1x10°
P-33 4%x10° 1x10° 1x10° 1x10°
Protactinium (91)
Pa-230 (a) 2x10° 7x1072 1x 10" 1% 108
Pa-231 4x10° 4x10™* 1x10° 1x10°
Pa-233 5x10° 7x 107" 1x10? 1x107
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Chapter 2.7 - Class 7 - Radioactive material

A Az Activity Activity limit for
Radionuclide (atomic number) c&'::::r::ia‘zzr::: cgzs?;:::zt

(TBaq) (TBaq) (Ba/g) (Ba)
Lead (82)
Pb-201 1x10° 1x10° tx10’ 1x10°
Pb-202 4x10' 2x 10" 1x10% 1x 108
Pb-203 4x10° 3x10° 1 x10? 1 x 108
Pb-205 Unlimited Unlimited 1% 10* 1x107
Pb-210 (a) 1x10° 5x1072 1% 10" (b) 1x10% (b)
Pb-212 (a) 7x10™ 2x107! 1x 10" (b) 1% 10° (b)
Palladium (46)
Pd-103 (a) 4x10° 4x10’ 1x10% 1x10°
Pd-107 Unlimited Unlimited 1x10° 1x 108
Pd-109 2x10° 5x107" 1x10° 1x 108
Promethium (61)
Pm-143 3x10° 3x10° 1x10? 1x10°®
Pm-144 7x107" 7x107 1x10° 1x 108
Pm-145 3x 10’ 1x10" 1x10° 1x107
Pm-147 4x10' 2x10° 1x10* 1x107
Pm-148m (a) 8x 107" 7x107" 1x10° 1x10°
Pm-149 2x10° 6x107" 1x10° 1x10°8
Pm-151 2x10° 6x107" 1x 102 1x10°
Polonium (84)
Po-210 4x%10' 2x1072 1x10° 1x10*
Praseodymium (59)
Pr-142 4x107" 4x107" 1x10° 1x108
Pr-143 3x10° 6x107" 1x10* 1x 108
Platinum (78)
Pt-188 (a) 1x10° 8x 107" 1x%10’ 1x 108
Pt-191 4x10° 3x10° 1x10? 1x10°
Pt-193 4x10° 4x10’ 1% 10 1x 107
Pt-193m 4x10" 5x 107" 1x10° 1x 107
Pt-195m 1% 10" 5x 107" 1x102 1% 108
Pt-197 2x 10’ 6x107" 1x10° 1x10°8
Pt-197m 1x10° 6x107" 1x10? 1x10°
Plutonium (94)
Pu-236 3x 10" 3x107° 1x10" 1x10*
Pu-237 2x10’ 2x10° 1x10° 1x107
Pu-238 1x 10’ 1x1072 1x10° 1x10°
Pu-239 1x10’ 1x1072 1x10° 1x10°
Pu-240 1x10’ 1x1072 1x10° 1x10%
Pu-241 (a) 4x10’ 6x1072 1x 102 1x10°
Pu-242 1% 10 1x107° 1x%10° 1x10°
Pu-244 (a) 4x107 1x1078 1x10° 1x10*
Radium (88)
Ra-223 (a) 4x 107" 7x107° 1% 102 (b) 1x10° (b)
Ra-224 (a) 4x107" 2x1072 1% 10" (b) 1x10°% (b}
Ra-225 (a) 2x107" 4x107° 1x 10? 1x10°
Ra-226 (a) 2x 107" 3x107° 1x10" (b) 1x10% (b)
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Part 2 ~ Classification

A, Az Activity Activity limit for
Radionuclide (atomic number) :;c;r:::;:r::;c::ﬁf:lr cz‘:‘s?;:::z:“

(TBaq) (TBq) (Ba/g) (Bq)
Ra-228 (a) 6x 107" 2x1072 1x10' (b) 1% 10% (b)
Rubidium (37)
Rb-81 2x10° gx 107" 1x 10" 1 x 108
Rb-83 (a) 2x10° 2x10° 1% 102 1% 10°
Rb-84 1x10° 1% 10° 1x10’ 1x10°
Rb-86 5x107" 5x 107" 1x10° 1x10°
Rb-87 Unlimited Unlimited 1x10* 1x107
Rb (nat) Unlimited Unlimited 1x10* 1x107
Rhenium (75)
Re-184 1x10° 1x10° 1x 10’ 1x10°
Re-184m 3x10° 1x10° 1x10? 1x10°
Re-186 2x10° 6x10™" 1x10° 1x 108
Re-187 Unlimited Uniimited 1x10° 1x10°
Re-188 4x107" 4x107" 1x 102 1x10°
Re-189 (a) 3x10° 6x107° 1x 102 1x108
Re (nat) Unlimited Unlimited 1x108 1x10°
Rhodium (45)
Rh-99 2x10° 2x10° 1x10° 1x 108
Rh-101 4x10° 3x10° 1x10% 1% 107
Rh-102 5% 107" 5x 107" 1x 10’ 1% 10°
Rh-102m 2x 10° 2x10° 1x 102 1x10°
Rh-103m 4x%10" 4x10" 1x10* 1x 108
Rh-105 1x10° 8x 107" 1x10? 1x107
Radon (86)
Rn-222 (a) 3x10™" 4x1078 1x 10" (b) 1x 108 (b}
Ruthenium (44)
Ru-97 5x10° 5x 10° 1x102 1x107
Ru-103 (a) 2x10° 2x10° 1% 102 1x 108
Ru-105 1x10° 6x107" 1x 10" 1x 108
Ru-106 (a) 2x 107" 2x107" 1x 102 (b) 1x10° (b)
Sulphur (16}
S-35 4x10" 3x10° 1% 10° 1x10°
Antimony (51)
Sb-122 4x107" 4x107" 1x 102 1x10°
Sb-124 6x107" 6x 107" 1x 10’ 1x10°
Sb-125 2x10° 1x10° 1x10% 1x108
Sb-126 4x107" 4x107" 1x10’ 1x10°
Scandium (21)
Sc-44 5x 107 5% 107" 1x10° 1x10°
Sc-46 5x 107" 5x107" 1x10’ 1% 10°
Sc-47 1x10’ 7x107" 1x 102 1x10°
Sc-48 3x107" 3x10"" 1x 10" 1x10°
Selenium (34)
Se-75 3x10° 3x10° 1x10? 1x10°
Se-79 4x10° 2x10° 1x10° 1x107
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Chapter 2.7 - Class 7 - Radioactive material

Aq Az Activity Activity limit for
Radionuclide {atomic number) Zi'::;:r:::t’gﬁf:{ czzsei;ﬁgz;t

(TBq) (TBq) (Ba/g) (Ba)
Silicon (14)
Si-31 6x107" 6x 107" 1x10° 1% 108
Si-32 4x10' 5x107" 1x103 1x 108
Samarium (62)
Sm-145 1x10’ 1% 10’ 1x10% 1x107
Sm-147 Unlimited Unlimited 1x 10 1 x 10
Sm-151 4x10’ 1x10" 1x10* 1x 108
Sm-153 9x10° 6x107" 1x10? 1% 108
Tin (50)
Sn-113 (a) 4x10° 2x10° 1x10° 1% 107
Sn-117m 7x10° 4x107" 1x 102 1x 108
Sn-119m 4x10’ 3x10’ 1x10° 1x107
Sn-121m (a) 4x10’ 9x107" 1x10° 1x107
5n-123 8x 107" 6x 107" 1x10° 1x 108
Sn-125 4x10™" 4x1077 1% 102 1x10%
Sn-126 (a) 6x 107" 4x107" 1% 10" 1% 10°
Strontium (38)
Sr-82 (a) 2x 107" 2% 107" 1x10° 1x10°
Sr-85 2x10° 2x10° 1x 102 1x 108
Sr-85m 5x 10° 5x10° 1% 102 1x107
Sr-87m 3x10° 3x10° 1x 102 1x 108
Sr-89 6x 107" 6x107" 1x10° 1x 108
Sr-90 (a) 3x107" 3x10™ 1% 102 (b) 1x10% (b)
Sr-91 (a) 3x 107" 3x107° 1x10° 1x108
Sr-92 (a) 1x10° 3x107" 1% 10" 1x108
Tritium (1)
T (H-3) 4x10' 4x10" 1x10° 1x10°
Tantalum (73)
Ta-178 (long-lived) 1x10° 8x 107" 1x 10’ 1x 108
Ta-179 3x10’ 3x10" 1x10° 1%107
Ta-182 9x 107" 5x107" 1x10° 1x10*
Terbium (65)
Tb-157 4x10' 4x10" 1x10° 1x107
Tb-158 1x10° 1x10° 1x10' 1x10°
Tb-160 1x10° 6x107" 1x 10 1x10°
Technetium (43)
Tc-95m (a) 2x10° 2x10° 1x10° 1x10°
Tc-96 4x 107" 4x10™" 1x 10" 1x 108
Tc-96m (a) 4x107" 4x107" 1x10° 1%107
Tc97 Unlimited Unlimited 1x10° 1% 108
Tc-97m 4x10 1x10° 1x10° 1%107
Tc-08 8x 107" 7x107" 1x10° 1x10°
Tc-09 4x10" 9x107" 1x10* 1x107
Tc-99m 1x10 4x10° 1x 102 1% 107
Tellurium (52)
Te-121 2x10° 2x10° 1x10’ 1x108
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Part 2 - Classification

Aq Az Activity Activity limit for
Radionuclide (atomic number) er;c;;:r::;c:zﬁf:‘r c?):s?;fl:z;t
(TBa) (TBa}) (Ba/g) (Ba)
Te-121m 5x10° 3x10° 1x10? 1x10°
Te-123m 8x10° 1x10° 1x10° 1x107
Te-125m 2x 10’ gx 107" 1x10% 1x107
Te-127 2x10" 7x107" 1x10° 1% 108
Te-127m (a) 2% 10" 5x 107" 1x10° 1% 107
Te-129 7x107" 6x 107" 1x102 1x10°
Te-129m (a) B8x 107" 4x1071 1x10° 1x10°
Te-131m (a) 7x107" 5x107" 1% 10" 1% 10°
Te-132 (a) 5x107" 4x10™" 1x10? 1x107
Thorium (90)
Th-227 1x 10" 5x 1072 1x10° 1x10*
Th-228 (a) 5% 107" 1% 1072 1x10° (b) 1x10* (b)
Th-229 5x10° 5x107* 1% 10° (b) 1x 10° (b)
Th-230 1x 10" 1x107° 1x10° 1x10*
Th-231 4x10' 2x1072 1x10° 1x107
Th-232 Unlimited Unlimited 1% 10" 1x10*
Th-234 (a) 3x107" 3x10™ 1x 10° (b) 1 x10% (b)
Th (nat) Unlimited Unlimited 1% 10° (b) 1x10°% (b)
Titanium (22)
Ti-44 (a) 5% 107" 4x107" 1x10" 1x10°
Thallium (81)
TI-200 9x107" 9x 107" 1x 10 1x10°
TH201 1x 10’ 4 x10° 1x 102 1x10°
TI-202 2x10° 2x10° 1x10? 1x10°
TI-204 1x10’ 7x107" 1x10* 1x10*
Thulium (69) . el ~
Tm-167 7 x10° 8x107" 1x 102 1x10°
Tm-170 3x10° 6x 107" 1x10° 1% 108
Tm-171 4x10' 4x10° 1x10* 1x108
Uranium (92)
U-230 (fast lung absorption) {a) (d) 4 x10' 1x 107 1% 10" (b) 1x10% (b)
U-230 {medium lung absorption) 4x10' 4x107° 1x 10 1x10*
(a) (e)
U-230 (slow lung absorption) (a) (f} 3x 10" 3x1073 1x10’ 1x10*
U-232 (fast lung absorption) (d} 4x10° 1x1072 1x10° (b) 1x10°% (b)
U-232 (medium lung absorption) (e) 4x 10 7x 1073 1x10° 1x10*
U-232 (slow lung absorption) (f) 1x10° 1x1072 1x10' 1x10*
U-233 (fast lung absorpticn) (d) 4x10' gx 1072 1x 10’ 1x10°
U-233 (medium lung absorption) (e) 4x10° 2x1072 1x 102 1x10°
U-233 (slow lung absorption) {f) 4% 10’ 6x107° 1x10 1x10°
U-234 (fast lung absorption) (d) 4x10’ 9x107? 1x10 1x10°
U-234 (medium lung absorption) (e} 4x10" 2x1072 1 x 102 1%x10°
U-234 (slow lung absorption) (f) 4x 10 6x 107 1x10° 1x10°
U-235 (all lung absorption types) Unlimited Unlimited 1x10" (b) 1% 10% (b)
{a) (d) (e) (1)
U-236 (fast lung absorption) (d) Unlimited Unlimited 1x10’ 1x10*
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Chapter 2.7 - Class 7 - Radioactive material

3 i A,y As Activity Activity limit for
-j ! Radionuclide (atomic number) ce‘:::::::r::iat::r::lr 0225?3:22:“
3 (TBq) (TBaq) {Ba/g) (Ba)
. l U-236 (medium lung absorption) (e} 4x10° 2x1072 1x10? 1x10°
B U-236 (slow lung absorption) (f) 4x10° 6x1073 1x10° 1x10*
| § U-238 (all lung absorption types) Unlimited Unlimited 1x10" (b) 1x10° (b)
(0) (e) (T)
U (nat) Unlimited Unlimited 1x10° (b) 1% 10° (b)
U (enriched to 20% or less) (g) Unlimited Unlimited 1x10° 1x 10
U (dep) Unlimited Unlimited 1x10° 1x10°
Vanadium (23)
V-48 4x107" 4x107" 1% 10’ 1x10°
V-49 4x10° 4x10" 1x10* 1% 107
Tungsten (74)
W-178 (a} 9x10° 5x10° 1x10° 1x10°
W-181 3x 10! 3x 10 1x10° 1x107
W-185 4x10’ 8x 107" 1x10* 1x107
W-187 2x10° 6x 107" 1% 102 1% 10°
W-188 (a) 4x 107" 3x107" 1% 102 1x10°
Xenon (54)
Xe-122 (a) 4x107" 4x107" 1x10% 1x10°
Xe-123 2x10° 7x107? 1x10? 1x10°
Xe-127 4x10° 2x10° 1x10° 1x10%
Xe-131m 4x10" 4x10° 1x10* 1x10*
Xe-133 2x 10’ 1x10’ 1x10° 1x10*
Xe-135 3x10° 2x10° 1x10° 1x10'°
Yttrium (39)
Y-87 (a) 1x10° 1% 10° 1x10’ 1x10°
Y-88 4x10™" 4x107" 1x10' 1x 108
Y-90 3x 107" 3x107" 1x10° 1x10°
Y-91 6x 107" 6x 107" 1x10° 1x10°8
Y-g1m 2x10° 2x10° 1x10? 1x10°
Y92 2% 107" 2x107" 1x 102 1x10°
: Y-93 3x% 107" 3x107" 1x102 1x10%
Ytterbium (70)
Yb-169 4x10° 1x 10° 1x10% A %107
Yb-175 3x 10" 9x10™ 1x10° 1x107
Zinc (30)
Zn-65 2x10° 2x10° 1x 10 1x10°
Zn-69 3x10° 6x107" 1% 10° 1 x 10°
Zn-69m (a) 3x10° 6x 107" 1x10? 1% 108
Zirconium (40)
Zr-88 3x10° 3x10° 1x10% 1x10°
Zr-93 Unlimited Unlimited 1x10° (b) 1% 107 (b)
Zr-95 (a) 2x10° 8x 107" 1x10’ 1x108
2r-97 (a) 4%x107" 4x107" 1x10" (b) 1% 10% (b)
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Part 2 - Classification

{a) A, and/or A; values include contributions from daughter nuclides with half-ives less than 10 days
(b)  Parent nuclides and their progeny included in secular equilibrium are listed in the following:

Sr-80 Y-90

Zr-93 Nb-93m

Zr-97 Nb-97

Ru-106 Rh-106

Cs-137 Ba-137m

Ce-134 La-134

Ce-144 Pr-144

Ba-140 La-140

Bi-212 Ti-208 (0.36), Po-212 (0.64)

Pb-210 Bi-210, Po-210

Pb-212 Bi-212, TI-208 (0.36), Po-212 (0.64)

Rn-220 Po-216

Rn-222 Po-218, Pb-214, Bi-214, Po-214

Ra-223 Rn-219, Po-215, Pb-211, Bi-211, TI-207

Ra-224 Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 (0.64)

Ra-226 Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210

Ra-228 Ac-228

Th-226 Ra-222, Rn-218, Po-214

Th-228 Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212 {0.64)

Th-229 Ra-225, Ac-225, Fr-221, At-217, Bi-213, Po-213, Pb-209

Th (nat) Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, TI-208 (0.36), Po-212
(0.84)

Th-234 Pa-234m

U-230 Th-226, Ra-222, Rn-218, Po-214

U-232 Th-228, Ra-224, Rn-220, Po-2186, Pb-212, Bi-212, T1-208 {0.36), Po-212 (0.64)

U-235 Th-231 ’

U-238 Th-234, Pa-234m

U (nat) Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214,
Pb-210, Bi-210, Po-210

U-240 Np-240m

Np-237 Pa-233

Am-242m Am-242

Am-243 Np-239

(c) The guantity may be determined from a measurement of the rate of decay or a measurement of the
radiation level at a prescribed distance from the source.

(d)  These values apply only to compounds of uranium that take the chemical form of UFg, UO5F, and
UQ2(NQ,), in both normal and accident conditions of transport.

(e}  These values apply only to compounds of uranium that take the chemical form of UO,, UF,, UCH, and
hexavalent compounds in both normal and accident conditions of transport.

(f) These values apply to all compounds of uranium other than those specified in (d) and (e) above.
(9) These values apply to unirradiated uranium only.

2.7.7.2.2 For individual radionuclides which are not listed in the table under 2.7.7.2.1, the determination of the basic
radionuclide values referred to in 2.7.7.2.1 shall require competent authority approval or, for international
transport, multilateral approval. Where the chemical form of each radionuclide is known, it is permissible to
use the A, value related to its solubility class as recommended by the International Commission on
Radiological Protection, if the chemical forms under both normal and accident conditions of transport are
taken into consideration. Alternatively, the radionuclide values in the table hereunder may be used without
obtaining competent authority approval,

IMDG CODE (Amdt. 31-02)




Chapter 2.7 - Class 7 - Radioactive material

2.7.7.2.3

2,7.7.24

2.7.7.25

2.7.7.2.6

2.7.8

2.7.8.1

2.7.8.2

2.7.8.3

2.7.8.4

Basic radionuclide values for unknown radionuclides or mixtures

Ay Az Activity Activity limit
Radioactive contents concentration for | for an exempt
exempt material consignment
- (TBq) (TBaq) (Ba/g) (Bq)
Only beta- or gamma-emitting nuclides 0.1 0.02 1x10’ 1x10°
are known to be present
Only alpha-emitting nuclides are 02 9x107° 1x107" 1x10°
known to be present
No relevant data are available 0.001 gx10°° 1%107" 1x10°

In the calculations of A, and A, for a radionuclide not in the table under 2.7.7.2.1, a single radioactive decay
chain in which the radionuclides are present in their naturally occurring proportions, and in which no daughter
nuclide has a half-life either longer than 10 days or longer than that of the parent nuclide, shall be considered
as a single radionuclide; and the activity to be taken into account and the A, or A, value to be applied shall be
those corresponding to the parent nuclide of that chain. In the case of radioactive decay chains in which any
daughter nuclide has a half-life either longer than 10 days or greater than that of the parent nuclide, the parent
and such daughter nuclides shall be considered as mixtures of different nuclides.

For mixtures of radionuclides, the determination of the basic radionuclide values referred to in 2.7.7.2.1 may
be determined as follows:

Xy = —1

f(7)

— X(i)
where: f(i) is the fraction of activity or activity concentration of radionuclide i in the mixture;

X(i) is the appropriate value of Ay or Ay, or the activity concentration for exempt material or the
activity limit for an exempt consignment, as appropriate, for the radionuclide i; and

Xm is the derived value of A, or A,, or the activity concentration for exempt material or the activity
limit for an exempt consignment in the case of a mixture.

When the identity of each radionuclide is known but the individual activities of some of the radionuclides are
not known, the radionuclides may be grouped and the lowest radionuclide value, as appropriate, for the
radionuclides in each group may be used in applying the formulas in 2.7.7.2.4 and 2.7.7.1.4.2. Groups may be
based on the total alpha activity and the total beta/gamma activity when these are known, using the lowest
radionuclide values for the alpha emitters or beta/gamma emitters, respectively.

For individual radionuclides or for mixtures of radionuclides for which relevant data are not available, the
values shown in the table in 2.7.7.2.2 shall be used.

Limits on transport index (TI), criticality safety index (CSl) and
radiation levels for packages and overpacks

Except for consignments under exclusive use, the transport index of any package or overpack shall not
exceed 10, nor shall the criticality safety index of any package or overpack exceed 50.

Except for packages or overpacks transported under exclusive use by rail or by road under the conditions
specified in 7.1.14.7(a), or under exclusive use and special arrangement by ship under the conditions
specified in 7.1.14.9, the maximum radiation level at any point on any external surface of a package or
overpack shall not exceed 2 mSv/h.

The maximum radiation level at any point on any external surface of a package under exclusive use shall not
exceed 10 mSv/h.

Packages and overpacks shall be assigned to either category | - WHITE, Il = YELLOW or Ill - YELLOW in
accordance with the conditions specified in the table hereunder and with the following provisions:

(a) For a package or overpack, both the transport index and the surface radiation level conditions shall be
taken into account in determining which is the appropriate category. Where the transport index satisfies
the condition for one category but the surface radiation level satisfies the condition for a different
category, the package or overpack shall be assigned to the higher category. For this purpose, category
| - WHITE shall be regarded as the lowest category.

(b)  The transport index shall be determined following the procedures specified in 2.7.6.1.1 and 2.7.6.1.2.
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2.7.9
2.7.9.1

2.7.8.2
2.7.9.3

2.79.4

2.7.9.5

2.7.9.6

(c) If the surface radiation level is greater than 2 mSv/h, the package or overpack shall be transported
under exclusive use and under the provisions of 7.1.14.7.1 or 7.1.14.9, as appropriate.

(d) A package transported under a special arrangement shall be assigned to category 1l - YELLOW.
{e) An overpack which contains packages transported under special arrangement shall be assigned to
category Hl - YELLOW.

Categories of packages and overpacks

Conditions
o et e
0? Not more than 0.005 mSv/h | - WHITE
More than 0 but not more than 12 More than 0.005 mSv/h but not more than 0.5 mSv/h H - YELLOW
More than 1 but not more than 10 More than 0.5 mSv/h but not more than 2 mSv/h I - YELLOW
More than 10 More than 2 mSv/h but not more than 10 mSv/h Il - YELLOW®

® If the measured Tl is not greater than 0.05, the value quoted may be zero in accordance with 2.7.6.1.1{c).
® Shall also be transported under exclusive use.

Provisions and controls for transport of excepted packages '

Excepted packages, which may contain radioactive material in limited quantities, instruments, manufactured
articles as specified in 2.7.7.1.2 and empty packagings as specified in 2.7.9.6, may be transported under the
following conditions:

(a) the provisions specified in 1.1.3.5, 4.1.9.1.2, 7.3.4.2, 2.7.9.2, 52.1.5.1-5.2.1.5.3, 5.4.1.4.11 and, as
applicable, 2.7.9.3-2.7.9.6;

(b) the provisions for excepted packages specified in 6.4.4; and

(c) if the excepted package contains fissile material, one of the fissile exceptions provided by 6.4.11.2 shall
apply and the requirement of 6.4.7.2 shall be met.

The radiation level at any point on the external surface of an excepted package shall not exceed 5 uSv/h.

Radioactive material which is enclosed in or is included as a component part of an instrument or other
manufactured article, with activity not exceeding the item and package limits specified in columns 2 and 3,
respectively, of the table under 2.7.7.1.2, may be transported in an excepted package provided that:

(a) the radiation level at 10 cm from any point on the external surface of any unpackaged instrument or
article is not greater than 0.1 mSv/h; and

(b) each instrument or article (except radiocluminescent time-pieces or devices) bears the marking
“RADIOACTIVE"; and

(c) the active material is completely enclosed by non-active components (a device performing the sole
function of containing radioactive material shall not be considered to be an instrument or manufactured
article).

Radioactive material in forms other than as specified in 2.7.9.3, with an activity not exceeding the limit

specified in column 4 of the table under 2.7.7.1.2, may be transported in an excepted package provided that:

(a) the package retains its radioactive contents under routine conditions of transport; and

(b) the package bears the marking *RADIOACTIVE" on an internal surface in such a manner that a warning
of the presence of radioactive material is visible on opening the package.

A manufactured article in which the sole radioactive material is unirradiated natural uranium, unirradiated
depleted uranium or unirradiated natural thorium may be transported as an excepted package provided that
the outer surface of the uranium or thorium is enclosed in an inactive sheath made of metal or some other
substantial material.

An empty packaging which had previously contained radioactive material may be transported as an excepted
package provided that:
{a) itis in a well maintained condition and securely closed,

{b) the outer surface of any uranium or thorium in its structure is covered with an inactive sheath made of
metal or some other substantial material;
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{c)  the level of internal non-fixed contamination does not exceed one hundred times the levels specified in
4.1.9.1.2; and

(d) any labels which may have been displayed on it in conformity with 5.2.2.1.12.1 are no longer visible.

2,7.10 Provisions for low dispersible radioactive material

Note: Radioactive material which is not low dispersible radioactive material may not be transported by air in
Quantity exceeding 30004, or 30004, in Type B(U) or Type B(M) packages. Whilst this limitation does not
apply to sea transport of Type B(U) or Type B(M) packages, the following provisions are presented since such
packages carrying low dispersible radioactive material may also be transported by sea.

2.7.101 Low dispersible radioactive material shall be such that the total amount of this radioactive material in a
. package meets the following provisions:

(a) the radiation level at 3 m from the unshielded radioactive material does not exceed 10 mSv/h;

(b) if subjected to the tests specified in 6.4.20.3 and 6.4.20.4, the airborne release in gaseous and
particulate forms of up to 100 um aerodynamic equivalent diameter would not exceed 100A;. A
separate specimen may be used for each test: and

{c)  if subjected to the test specified in 2.7.3.4, the activity in the water would not exceed 100A,. In the
application of this test, the damaging effects of the tests specified in (b) above shall be taken into
account.

2.7.10.2 A specimen that comprises or simulates low dispersible radioactive material shall be subjected to the
enhanced thermal test specified in 6.4.20.3 and the impact test specified in 6.4.20.4. A different specimen
may be used for each of the tests. Following each test, the specimen shall be subjected to the leach test
specified in 2.7.3.4. After each test, it shall be determined if the applicable provisions of 2.7.10.1 have been
met.

' 2.7.10.3 Demonstration of compliance with the performance standards of 2.7.10.2 shall be in accordance with 6.4.12.1
and 6.4.12.2.
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