
8  Transportation of Radioactive Materials

So far we have been talking about the safe use and handling of radioactive materials in the workplace.  Radiation
safety, when applied to that setting, can be boiled down to a worker performing surveys and implementing the four
basic safety measures of time, distance, shielding, and good housekeeping.  When radioactive materials are trans-
ported in public, the rules and regulations promulgated by the Department of Transportation (DOT) are applied to
protect members of the general public from radiation exposure which could possibly result from a transport
accident.

Workers involved in hazardous material packaging or transportation must receive initial training, as well as
refresher training every 3 years.  At the UW, this applies to persons involved in transporting radioactive material:

to and from research stations (e.g., Trout Lake, Arlington, etc.)
between buildings on campus by motor vehicle
in instruments and gages (e.g., soil moisture probes)
prepare packages of radioactive material for shipment off-campus

Each principal investigator is responsible for insuring their employees meet the training requirements if their
program involves packaging and/or transporting radioactive materials.

To comply with the Hazardous Materials Transportation Act (HMTA), the DOT promulgated Hazardous
Material Regulations codified in Title 49 Code of Federal Regulations (49 CFR), Parts 171 to 177 and Parts 178 to
180.  Based on a Memorandum of Understanding, the NRC requires (10 CFR 71.5) each radioactive materials licen-
see who transports licensed material to comply with the regulations appropriate to the mode of transport used as
written in 49 CFR Parts 170 through 189.  While each of the subparts of 49 CFR 173 also apply to transportation of
radioactive materials, 49 CFR 173 Subpart I is devoted exclusively to radioactive materials.

If you will transport or prepare packages for transport by public carriers, call UW Safety (5-5000) and talk to the
radioactive material transportation Health Physicist to determine your specific training requirements.

8.1  Hazardous Materials Regulations
The Hazardous Material Regulations cover four areas.  Each will be briefly described and the applicable regulations
regarding the packaging and transport of radioactive material will be discussed.  Hazardous materials regulations
applicable to non-radioactive materials are discussed in the Safety Department's Laboratory Safety Guide.

Hazardous materials designation and classification - 49 CFR Part 172 Subparts A, B and Part 173
Hazard communication standard and training - 49 CFR Part 172, Subparts C - H
Packaging requirements - 49 CFR Parts 173, 178, 179, 180
Operational Rules - 49 CFR Parts 171, 173, 174, 175, 176, 177

8.1.a  Hazardous Materials Designation and Classification
The Hazardous Materials Regulations apply to substances listed in the Hazardous Materials Table, 49 CFR 172,
Subpart B.  This table lists almost 3000 hazardous materials descriptions with their proper shipping names.  The
shipper (i.e., you) is responsible for determining whether a material is a hazardous material, either by identifying it
with a description or proper shipping name listed in the Hazardous Materials Table, or by determining if it fits in
one of the hazard classes listed in 49 CFR 173.2 in accordance with the reference for definitions in 49 CFR 173.

The DOT defines radioactive material as "... any material containing radionuclides where both the activity
concentration and the total activity in the consignment exceed the values specified ..."  (see Tables 8-9 or 8-10 for
exempt concentrations, see DOT for exempt consignment quantities).  Once identified as radioactive, the material's
description and proper shipping name need to be identified to correctly label the package for shipping.  With the
possible exception of multiple or mixed hazards (e.g., a poison or flammable radioactive material), most of the
radioactive material shipped from UW Madison will have a proper shipping name listed in the Hazardous Materials
Table.  Any material meeting the definition of more than one hazard class must be classed according to the list in 49
CFR 173.2(a).  If you suspect you may be shipping a material of mixed hazards and you don't know how to classify
it, call UW Safety.  Table 8-1, an extract from the Hazardous Materials Table, contains some radioactive items.

Column 1 - Symbols - Special "notes" which apply only to certain materials, e.g., a "D" in Column 1 means that
the shipping name that follows is only applicable to domestic shipments.  A key to the symbols in Column 1 is
found in 49 CFR 172.101(b).



1This table is for information purposes only, verify all information with 49 CFR 172.101
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Column 2 - Hazardous Material Description and Proper Shipping Name - The name by which the hazardous
material is identified.  There is a hierarchy in selecting the proper shipping name.  Names should be selected by
the first thing that accurately describes them among

chemical technical name (e.g., methyl iodide)
chemical family name (e.g., alcohols, n.o.s.) n.o.s. means not otherwise specified
end use description (e.g., compound, cleaning liquid)
end use description n.o.s. (e.g., refrigerant gases, n.o.s.)
hazard class description (e.g., oxidizing solid, n.o.s.)

Column 3 - Hazard Class or Division - All hazardous materials which could be transported are assigned to one
of nine United Nations Classes.  It is a numerical designation indicating the hazard corresponding  to the proper
shipping name in column 2 (Class 1 - explosives; Class 2 - gases; Class 3 - flammable liquids; Class 4 - flamma-
ble solids; Class 5 - oxidizers and organic peroxides; Class 6 - poisonous and etiological materials; Class 7 -
radioactive materials; Class 8 - corrosives; Class 9 - miscellaneous hazardous materials) or the word forbidden.
If a material is designated as forbidden, it must not be transported.
Column 4 - Identification Number  - An ID number assigned to each proper shipping name.  Numbers
preceded by a UN are associated with proper shipping names appropriate for international as well as domestic
transport.  Those numbers preceded by NA are for proper shipping names not covered by international danger-
ous goods transportation standards or not addressed by international standards for emergency response, except
transportation between the U.S. and Canada.
Column 5 - Packing Group - One or more of the numbers, I, II, or III assigned to each proper shipping name
which designates the degree of hazard associated with each material.  Packing Group I materials present the
greatest hazard, Packing Group III materials present the least.  Do not confuse Packing Group with Radioac-
tive Label Category described in 8.1.b #1 and 8.3 #5, below.
Column 6 - Label(s) Required (if not excepted) - The warning label required for a package containing material
in this hazard class and proper shipping name, unless the package is otherwise excepted.
Column 7 - Special Provisions - Codes corresponding to special packaging and handling requirements as
described in 49 CFR 172.102.
Column 8 A, B, C - Exceptions - Numbers in these columns refer to the section of 49 CFR 173 that describes
packaging for the material in this hazard class and shipping name.  Exceptions for packaging requirements for
radioactive materials will be described below.
Column 9 A, B - Quantity Limitations - These columns describe quantity limitations or when a material is
forbidden to be transported by a specific mode of transportation (e.g., passenger aircraft).
Column 10 A, B - Vessel Stowage Requirements - These columns describe where and how hazardous material
must be stored on cargo and passenger vessels.  10 A refers to "on deck, below deck, or forbidden."  10 B has
special stowage requirements for specific materials described in 49 CFR 176.84.

8.1.b  Hazard Communication
(This is only a summary, when completing shipping papers, use 49 CFR 172, Subpart C.  Remember, Safety will
ship your material for you.)  The goal of hazard communication (e.g., shipping papers, labeling, placarding, etc.) is
to help prevent problems at the scene when responding to a transportation accident by providing hazard identifica-
tion information to offerers/shippers, carriers and emergency responders.  Hazard Communication has five
components:

1.   Shipping papers - With few exceptions, (e.g., limited quantities of radioactive materials, see 8.2), any hazard-
ous material offered for shipment must be described in the shipping paper (see Appendix C) per 49 CFR
172.201 - 172.205.  Shipping papers must include contents, name of shipper, continuation page (if needed) and
emergency response telephone number as described in 49 CFR 172.604.  The emergency response phone
number must be the number of a person who is knowledgeable about hazardous materials and emergency
response and who will monitor the phone 24 hours per day.  Radiation Safety uses Chemtel, (1-800-255-3924), 
as the 24 hour emergency phone number. For radioactive shipments, please follow the instructions for notification

to Chemtel detailed here: http://goo.gl/xbPtH  
  
  In addition to proper shipping name, hazard class, identifi-
cation number and quantity, shipping papers for radioactive materials must contain the following:

the words Radioactive Material unless these words are part of the proper shipping name
the name or abbreviation of each radionuclide (e.g., Iodine-125 or I-125)
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a description of the physical and chemical form of the material
the activity in becquerel (Bq) and (optionally) curies, millicuries, microcuries
the label category applied to the shipment (i.e., Radioactive White I, Radioactive Yellow II, Radioactive
Yellow III).  Proper labeling will be discussed in #3, below
the transport index applied to each package in a shipment with Radioactive Yellow II or Yellow III label
Shippers Certification in accordance with 49 CFR 172.204

To assist emergency responders, shipping papers must be both readily available and visible.  When the driver is
at the wheel, the shipping papers must be within his or her immediate reach and either readily visible to a person
entering the driver's compartment or in a holder which is mounted to the inside of the door on the driver's side of
the vehicle.  When the driver is not at the wheel, the shipping paper shall be in a holder mounted to the inside of
the driver's side door or on the driver's seat.

2.   Marking - Required marking for hazardous materials packages are described in 49 CFR 172 Subpart D.
Required marking for non-bulk package are

proper shipping name and identification number
technical name
consignee's or consignor's name and address

There are additional requirements for marking packages containing radioactive materials as described in 49 CFR
172.310.  Some of these include:

packages which conform to the requirements for Type A packages as described in 8.2, below, must have
Type A clearly marked on them and the shipper must possess the package certification
packages offered for export must have USA clearly marked on them
package containing liquid hazardous materials must have orientation markings (i.e., ) on two oppositeã
vertical sides of the package

3.   Labeling - In addition to marking, the shipper must also apply a label to each package of hazardous material.  A
label is required for each hazard if the material has multiple hazards.  Label requirements for radioactive materi-
als are described in 8.3, below.

4.   Placarding - Vehicles transporting hazardous materials highway or rail must be placarded on each side and
each end to display the hazard class of the material.  For radioactive materials, only vehicles carrying shipments
bearing the Yellow III label or vehicles carrying material shipped as LSA (or SCO) - Exclusive Use need to be
placarded.

5.   Emergency Response Information - Each shipment of hazardous materials must include information that can
be used in mitigating an incident involving the material.  At a minimum this information must include:

handling methods in case of leaks or fires
the 24 hour emergency response telephone number

immediate hazards to health
risks of fire or explosion
immediate precautions to be taken

8.1.c  Packaging Requirements
The Hazardous Materials Regulations are designed to insure that members of the general public are not at risk from
hazardous cargoes being transported in the public transportation network.  Material packaging requirements are to
(1) insure safety in routine handling situations from minimally hazardous material and (2) insure integrity under all
circumstances for highly dangerous materials.  These goals are accomplished by focusing on the package and its
ability to contain the material (i.e., prevent leaks), prevent unusual occurrences (i.e., nuclear criticality), and reduce
external radiation to safe levels (i.e., shielding).  The regulations require that hazardous materials packaging be of
sufficient strength and quality to withstand normal transportation conditions and high-probability accidents, and the
package selected by the shipper must be compatible with the material to be shipped and must be suitable to the level
of risk presented by the material.

The types of package which are required for transporting radioactive material at or from UW Madison should
usually be one of two types:  (1) Strong, tight (e.g., UN designated) packages for transporting limited quantities of
radioactive materials or (2) Type A packages for transporting material in amounts exceeding limited quantities.  A
Type B package exists, but is primarily for high activity (i.e., > A2) shipments (see 8.2).
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8.1.d  Operational Rules and Requirements
Operational rules apply to those who manufacture, test and repair certain containers like tank cars, cargo tanks, and
Type B containers.  There are also operational requirements for shippers and carriers, and special requirements for
each transportation mode:  rail, air, water and highway.  Operational requirements are defined in 49 CFR 171 thru
180 and 49 CFR 390 thru 397.  For example, two operational requirements affecting the UW are:

packages of hazardous materials must be blocked or braced during shipment
persons operating a vehicle placarded for hazardous materials must have a Commercial Driver's License (CDL)
with a hazardous materials endorsement

8.2  Radioactive Materials Transportation Definitions
The DOT defines radioactive material as any material containing radionuclides where both the activity concentra-
tion and the total activity in the consignment exceed values specified in Table 8-9 and 8-10.  Transportation of
radioactive materials is regulated jointly on a federal level by the Nuclear Regulatory Commission and the Depart-
ment of Transportation.  Hazardous Materials Regulations applicable to radioactive materials are described in 49
CFR 173, Subpart I.  The State of Wisconsin adopts these rules in HFS 157.92 and HFS 157 Appendix O. The
following are some commonly encountered terms and definitions:

A1 The maximum activity of special form radioactive material permitted in a Type A package.

A2 The maximum activity of radioactive material, other than special form material, low specific activity
material and surface contaminated object, permitted in a type A package (i.e., A2 [ A1).  A list of
many A1 and A2 quantities is found in Table 8-7, at the end of this chapter.  A complete list of A1

and A2 values is found in 49 CFR 173.435.

Limited A quantity of radioactive material not exceeding the activity limits found in 49 CFR 173.425 (i.e.,
Quantity of Table 8-2) which conform to the requirements found in Section 8.4.  Most radioactive material
Radioactive shipped from the UW is limited quantity.  Limited quantities of radioactive material (see Tables 8-5,
Material 8-9, and 8-10) are excepted from specification packaging, shipping paper and certification, marking

and labeling requirements, but must meet contamination and radiation limits (see 8.4).

*These values also apply to 3H in activated luminous paint and to 3H adsorbed on solid carriers

10-3 A210-2 A210-3 A2Other Forms

10-3 A110-2 A110-3 A1Special Form

2 x 10-2 A22 x 10-1 A22 x 10-2 A2Tritium*Gases

10-4 A210-1 A210-3 A2Other Liquids

0.037 TBq
1 Ci

> 0.037 TBq/L
> 1 Ci/L

3.7 TBq
100 Ci

0.0037 to 0.037 TBq/L
0.1 to 1.0 Ci/L

37 TBq
1000 Ci

< 0.0037 TBq/L
< 0.1 Ci/L

Tritiated
   Water

Liquids

10-3 A2A210-2 A2Other Forms

10-3 A1A110-2 A1Special FormsSolids

Package LimitsInstrument or Article Limit
Materials

Package Limits
Instruments and Articles Limits

Nature of Contents

Table 8-2.  Activity Limits for Limited Quantities, Instruments and Articles

Low Specific Radioactive material consisting of limited specific activities that satisfy the descriptions and limits
Activity set below.  Although there are three LSA classes (LSA-I, LSA-II, and LSA-III), LSA-II is the most
(LSA) common type at the UW (LSA-I is mineral ores with uranium / throium).  LSA pertains to material

in which the radioactivity is essentially uniformly distributed and in which the estimated average
concentration of the contents does not exceed specified values.  Shielding material surrounding the
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LSA material may not be considered in determining the estimated average specific activity of the
package contents.  Transport requirements for LSA radioactive materials are found in 49 CFR
173.427.

LSA-II  Water with tritium concentration up to 0.8 TBq/L (20.0 Ci/L).
 Material in which the radioactive material is distributed throughout and the estimated average
specific activity does not exceed 10-4 A2 /g for solids and gases, and 10-5 A2 /g for liquids.

LSA-III Solids (e.g., consolidated wastes, activated materials) in which the:
 radioactive material is distributed in a solid binding agent (e.g., concrete, bitumen, ceramic, etc.),
and

 radioactive material is relatively insoluble, or it is intrinsically contained in a relatively insoluble
material, 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 0.1 A2, and

 estimated average specific activity of the solid, excluding any shielding material, does not exceed
2 x 10-3 A2 /g.

Normal Form Radioactive material which has not been demonstrated to qualify as Special Form.

Package The packaging together with its radioactive contents as presented for transport.  An excepted
package is packaging together with its excepted radioactive materials as specified in 49 CFR
173.421 - 173.426 and 173.482. 

Packaging The assembly of components necessary to ensure compliance with the packaging requirements of 49
CFR.  As described, it may consist of one or more receptacles, absorbent materials, spacing struc-
tures, thermal insulation, radiation shielding, servicing equipment and devices for cooling or absorb-
ing mechanical shocks.

Radioactive Any manufactured instrument or article such as an instrument, clock, electronic tube, or
Instrument apparatus, or similar instruments and articles having radioactive material in gaseous or
or Article non-dispersible solid form as a component part.

Reportable Radioactive material in quantities exceeding activities listed in 49 CFR 172.101, Appendix A, Table
Quantity 2 (List of Hazardous Substances and Reportable Quantities) which designate a Hazardous Material
(RQ) as a Hazardous Substance.  A listing of RQ values for some nuclides is in Tables 8-9 and 8-10.  If a

package contains more that the reportable quantity, the letters "RQ" must also be placed on the
package along with required labels and the shipping paper must indicate the package contains a
reportable quantity of material. 

Hazardous material is a substance which has been determined by the DOT to be capable of
posing an unreasonable risk to health, safety and property when transported in commerce and
which has been so designated.
Hazardous substance is a quantity of a hazardous material exceeding the reportable quantity. 

Highway A quantity within a single package which exceeds:
Route  3,000 times the A1 value of the radionuclide for special form radioactive material;
Controlled  3,000 times the A2 value of the radionuclide for normal form radioactive material; or
Quantity  1,000 TBq (27,000 Ci), whichever is least.

Special An indispersible solid radioactive material or a sealed capsule containing radioactive material which
Form satisfies the following conditions:

It is either a solid piece or a sealed capsule that can be opened only by destroying the capsule
(see Figure 9-8);
The piece or capsule has at least one dimension not less than 5 mm (0.2 in); and 
Satisfies test requirements of 49 CFR 173.469.

For most UW Madison shipments, special form material would only be those sealed sources that are
accompanied by a special form certificate.  The majority of material offered for transport by UW
Madison is Normal Form Radioactive Material.
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Specific The activity of the radionuclide per unit mass of that nuclide.  The specific activity of a material in
Activity which the radionuclide is essentially uniformly distributed is the radioactivity per unit mass of the

material, usually reported in units of Bq/g or Ci/g.

Contam- The presence of a radioactive substance on a surface in quantities in excess of 0.4 Bq/cm2 for beta ,
ination gamma and low toxicity alpha emitters or 0.04 Bq/cm2 for all other alpha emitters.   Contamination

can be fixed or non-fixed..
Fixed radioactive contamination is contamination that cannot be removed from the surface
during normal conditions of transport.
Non-fixed radioactive contamination is contamination that can be removed from a surface during
normal conditions of transport.

.
Surface A solid object which is not itself radioactive but which has radioactive material distributed on its

Contam- surface.  SCO exists in two phases, SCO-I and SCO-II.  Each category is delineated by radioactive
inated contamination distributed on its surfaces that does not exceed the fixed, non-fixed, and total 
Object contamination limits referenced in Table 8-3.  The contamination is assayed by measuring the
(SCO) contamination over a surface area of 300 cm2 (or the entire surface if the area is less than 300 cm2)

for two broad classes of contaminants:  (1) beta, gamma and low toxicity alphas and (2) all other
alphas.  SCO is not intended to include contaminated paper, plastic, booties, gloves and other similar
lab trash.  If the material is activated, or activated and contaminated, it cannot be classified as SCO.
When SCO-II limits are exceeded, and depending on the fraction of the aggregate A2 values, the
shipment must be made in a Type A or Type B package, as a Type A or Type B quantity.

Transport The dimensionless number rounded up to the next tenth (e.g., 3.2) placed on the label of a package
Index (TI) (see Table 8-5), to designate the degree of control to be exercised by the carrier during transporta-

tion.  For nonfissile material, the TI is determined by multiplying the maximum radiation level in
millisieverts (mSv) per hour at 1 m (3.3 ft) from the external surface of the package by 100 (equiva-
lent to the maximum radiation level in millirem per hour at 1 meter (3.3 ft.)).

Type A Packaging designed to retain the integrity of containment and shielding required under normal 
Packaging conditions as demonstrated by specific performance-based tests.

Type A A quantity of radioactive material, the aggregate radioactivity of which does not exceed A1 (see
Quantity Table 8-7) for special form radioactive material or A2 for normal form radioactive materials.

8.3  General Requirements for Preparing Radioactive Materials for Transport
As noted above, authorized users or their personnel who have completed acceptable transportation training and
received a transportation training certificate, may ship limited quantities of radioactive materials directly from their
laboratories subject to the requirements given in the definition of Limited Quantity, above, if they have approval
from the Safety Department.  At a minimum shippers must:

Be radiation workers
Read the Transportation of Radioactive Materials chapter (or attend DOT training), request and pass an
associated exam, and insure that exam is on file at the UW Safety Department. 
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20 µCi/cm2800,000 Bq/cm21 µCi/cm240,000 Bq/cm2beta/gamma

2 µCi/cm24000Bq/cm20.1 µCi/cm24000Bq/cm2alphaTotal (fixed + non- fixed)
on inaccessible surfaces

20 µCi/cm2800,000 Bq/cm21 µCi/cm240,000 Bq/cm2beta/gamma
2 µCi/cm280,000Bq/cm20.1 µCi/cm24000Bq/cm2alphaFixed on accessible 

surface

10-2 µCi/cm2400 Bq/cm210-4 µCi/cm24 Bq/cm2beta/gamma
10-3 µCi/cm240 Bq/cm210-5 µCi/cm20.4 Bq/cm2alphaNon-fixed on 

accessible surface

SCO - IISCO - I

Table 8-3.  Surface Contaminated Object Limits



Contact Radiation Safety (2-8769) for approval prior to each shipment.  After approving the shipment, CORD
will complete a Radioactive Waste Disposal form to adjust the lab's inventory and will send the shipper a copy
of the form which annotates the shipment.
Unless exempted by Safety, for each shipment, the shipper must complete a Radionuclide Shipment Checklist
(Table 8-8) and keep all documents related to the shipment for a minimum of 3 years.
Record required documentation on the lab's copy of the disposal form when received (you do not need to wait
for the form to ship the material).

At the lab's option, Radiation Safety will ship radioactive material for the lab.  The lab's only cost is the shipping
charge (e.g., Federal Express); Radiation Safety will use the lab’s shipping account number (or some other arrange-
ment, if needed).  Call the Safety Department at 2-8769 stating you wish Safety to ship a radioactive package for
your lab.

With prior approval from Safety, some authorized users are allowed to prepare for transport or transport greater
than limited quantity radioactive materials.  These types of shipments are not excepted from specification
packaging, shipping paper and certification, and marking and labeling requirements.  The following rules apply:

1.   Packaging Specifications - Obtain a U.S. DOT, Specification 7A Type A container or other container author-
ized as Type A in 49 CFR 173.415.  Each shipper of a Specification 7A Type A package must maintain on file
for at least one year after the latest shipment and will provide to the DOT on request a complete documentation
of tests and an engineering evaluation or comparative data showing that the construction methods, packaging
designs and materials of construction comply to that specification.  This certificate should be available from the
manufacturer and/or vendor of the container.  If you use a specification package from a previous shipment, it is
important that all of the packing materials (e.g., spacers, bracing, etc.) be as described in the test documentation.

2.   External Radiation Levels - Each package of radioactive materials offered for transportation must be designed
and prepared for shipment so that under conditions normally incident to transportation the radiation level does
not exceed 200 millirem per hour at any point on the external surface of the package, and the transport index
does not exceed 10 (see Table 8-4).

3.   Shipping Papers - Shipping papers and emergency response information as described in 172 Subpart C, must
accompany the shipment.  Becquerel units (cf. Table 8-9) are mandatory for all shipments.

4.   Marking - Packages containing greater than a limited quantity of radioactive material must be marked as
described in 172 Subpart C (see 8.1.b., #2).

5.   Labeling - If a package contains a radioactive material that also meets the definition of one or more additional
hazard classes (except Class 9),
the package must be labeled as a
radioactive material as described
in Table 8-4, and also for each
additional hazard.  The proper
label to be affixed to a package of
radioactive material is based on
the maximum radiation level
(RL) on any surface of the
package and the transport index (TI), a dimensionless number, the maximum radiation level (millirem per hour
[or microsievert per hour divided by 10]) at 1 meter or 3.3 feet from the surface of the package according to
Table 8-45.  A TI of 0.05 is considered to be background and can be indicated as 0.   Any package required to
have a Radioactive label must have two of these labels affixed to opposite sides of the package.  The package
must be labeled with the proper shipping name, identification number, and US DOT 7A Type A labels.
Examples of labels and a labeled package can be found in Appendix C.

6.   Placarding - If a vehicle contains a package labeled with a Radioactive Yellow III label, placarding is required
and the driver must have a Commercial Drivers License (CDL).  If the radiation level at the surface of your
package and/or the transport index is high enough to require a Yellow III sticker (i.e., TI > 1.0 or RL > 50
mrem/hr), call UW Safety at 2-8769.  It is very possible that, by using better designed packaging and judicious
use of shielding, the package may be re-engineered so ultimately the package will be shipped as a Radioactive
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Yellow III50 mrem/hr < RL  200 mrem/hr[1.0 < TI  10[

Yellow - II0.5  mrem/hr < RL  50 mrem/hr[TI  1.0[

White - IRL  0.5 mrem/hr[Not Applicable

Label CategorySurface Radiation Level (RL)Transport Index (TI)

Table 8-4.  Radioactive Label Category



Yellow II.  If surface levels exceed 200 mrem/hr, a Yellow III can still be shipped via an exclusive use vehicle
providing radiation levels at:  (1) the package surface < 1000 mrem/hr,  (2) the vehicle surface < 200 mrem/hr,
(3) 6 feet from the vehicle surface < 10 mrem/hr and (4) the cab < 2 mrem/hr.

8.4  Shipping Limited Quantity of Radioactive Material -- a Special Category
Most radioactive material shipped from the UW is Limited Quantity (see Table 8-3).  This is a special category
because limited quantities of radioactive material are excepted from specification packaging, shipping paper and
certification, marking and labeling requirements, except for the UN identification number marking and must meet
contamination and radiation limits.  Use the values in Table 8-5 to determine if your shipment meets the criteria for
limited quantity.  Tables 8-9 and 8-10 contains a more complete listing of Exempt, Limited and Type A quantities.
Otherwise, call Radiation Safety at 2-8769 if you need assistance or have other nuclides for shipment.

 
In addition to being below the limits listed in either of Tables 8-5, 8-9 or 8-10, radioactive materials that are to be
shipped as limited quantity must meet the following requirements:

The material must be packaged in a strong, tight, vibration-tested (i.e., UN-designated) package that will not
leak any of the radioactive materials under conditions incidental to normal transport.
The radiation level at any point on the external surface of the package must not exceed 0.005 mSv/hr (0.5 milli-
rem per hour) (i.e., essentially background).
Non-fixed (i.e., removable) contamination on the external surface of the package must not exceed:

37 Bq/100 cm2 (2200 dpm/100 cm2) for β-/γ- emitting radionuclides and nuclides with half life less than ten
days.
3.7 Bq/100 cm2 (220 dpm/100 cm2) for α emitting radionuclides.

As a practical rule-of-thumb, when monitoring the external surface of the package, if the removable contamina-
tion level exceeds 2-times background, verify that the material is properly packaged, repackage, and wipe again
(cf. 7.7 or 8.6).
The outside of the inner packaging, or if there is no inner packaging, the outside of the package itself bears the
marking Radioactive.
The package must meet the general design requirements of 49 CFR 173.410 (i.e., UN-designated) and the
outside of each package must be marked with the four digit UN identification number for the material preceded
by the letters UN as shown in the Hazardous Material Table (i.e., see below):

- Radioactive material, excepted package-limited quantity of material -- UN2910
- Radioactive material, excepted package - instruments or articles --  UN2911 
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HAll forms are normal form (solid, liquid) unless indicated

16 mCi
27 mCi

0.6 GBq
1.0 GBq

Normal Form:  
Special Form:  

1.6 mCi0.06 GBq192Ir

81 mCi3 GBq8.1 mCi0.3 GBq125I

110 mCi4 GBq11 mCi0.4 GBq99mTc

27 mCi1 GBq2.7 mCi0.1 GBq45Ca

81 mCi3 GBq8.1 mCi0.3 GBq35S

27 mCi1 GBq2.7 mCi0.1 GBq33P

1.4 mCi0.5 GBq1.4 mCi0.05 GBq32P

81 mCi3 GBq8.1 mCi0.3 GBq14C

1100 mCi
22,000 mCi

40 GBq
800 GBq

Solid:  
Gas:  

1000 mCi37 GBq3H

Solids (and Gases)HLiquidNuclide

     Table 8-5.  Limited Quantity (LQ) Activity Values for Selected Radionuclides



- Radioactive material, excepted package - articles manufactured from natural or depleted uranium or
natural thorium -- UN2909 

- Radioactive material, excepted package - empty packaging  -- UN2908

Requirements for multiple hazard limited quantity of radioactive material can be found in 49
CFR 173.421 and 173.422.  For example, if the radioactive material is to be shipped with dry
ice via an air carrier (e.g., Federal Express):

A dry ice packaging (e.g., Styrofoam liner and outer box) must be used.
The package must be marked on one side with the warning diamond label which has verti-
cal black bars on the top half and a  9 on the bottom half.
On the same side as the diamond must appear the words:

      Kg (        lbs) DRY ICE
UN 1845

The dry ice and number of pounds must be identified on the shipping papers.  Most carrier bills of lading have a
space for dry ice identification and often require the number of pounds be listed under the UN 1845.

8.5  Shipping Radioactive Materials via a Commercial Carrier (e.g., FedEx, DHL)
Shipping radioactive material via a commercial carrier normally means the package will be going by air.  DOT rules
published in 49 CFR govern transportation in the US.  Commercial carriers usually follow the International Air
Transport Association (IATA) rules because these materials are often transported by air by carriers who transport
items both domestically and internationally.  The IATA regulations are at least as restrictive as DOT and, because of
the mode of transport, may be more restrictive for certain substances.

Originally founded in 1919, IATA brings together approximately 280 airlines, comprising more than 95% of all
international scheduled air traffic.  The goal is to establish a cooperative system which offers a seamless service of
the highest possible standard to passengers and cargo shippers.  Continual efforts by IATA ensure that people,
freight and mail can move around the vast global airline network as easily as if they were on a single airline in a
single country.  In addition, IATA helps to ensure that members' aircraft can operate safely, securely, efficiently and
economically under clearly defined and understood rules.

In 1953, IATA members recognized the growing need to transport articles and substances having hazardous
properties which, if uncontrolled, could adversely affect the safety of the passengers, crew and/or aircraft on which
they were carried.  Experience showed that most such articles could be carried safely, provided that they were
properly packed and the quantities in each package were properly limited.  Using this experience and industry
standards, IATA published the first edition of the IATA Dangerous Goods Regulation in 1956.  

The IATA Dangerous Goods Regulations manual is based on the International Civil Aviation Organization
(ICAO) Technical Instructions and incorporates additional operational requirements to produce a standardized
system for transporting dangerous goods safely and efficiently.

Packaging is the essential component in the safe transport of dangerous goods by air.  IATA provides packing
instructions for all dangerous goods acceptable for air transport.  The packing instructions normally require the use
of a UN performance-tested specification packaging.  Some dangerous goods have been identified as being too
dangerous to be carried on any aircraft under any circumstances.  Others are forbidden under normal circumstances,
but may be carried with specific approvals from the states concerned.

Training is the key to insuring safety.  All individuals involved in the preparation or transport of dangerous
goods must be trained and familiar with the IATA Dangerous Goods Regulations.  Training must be received
initially and then at two year intervals for IATA compliance and three year intervals for DOT.

The proper declaration of dangerous goods by the shipper insures that all individuals in the transportation chain
know what dangerous goods they are transporting, how to properly load and handle them, and what to do if an
incident or accident occurs either in-flight or on the ground.

To ship your substance, you must classify and package the material.  Classification is done using Section 4 of
the IATA Dangerous Goods Regulations.  This section consists of two main parts.  Subsection 4.2 contains approxi-
mately 3000 articles and substances with dangerous properties which are most likely to be shipped by air.  The list
is not intended to be all-inclusive.  It contains several names of a general nature, known as n.o.s. (not otherwise
specified) names or entities under which unlisted items may be transported.  This table is very similar to the Hazard-
ous Materials Table found in 49 CFR 172.101 and is often called the "List of Dangerous Goods."  Subsection 4.3 of

136     Radiation Safety for Radiation Workers



the Dangerous Goods Regulation is a numerical cross-reference list correlating the UN/ID number to the proper
shipping name, arranged in numerical order.

Table 8-6, above, is an extract from the IATA 4.2 List of Dangerous Goods used to explain the various table
components for comparing and contrasting with 49 CFR Table 172.101.

Column A - UN or ID (identification) Number - The number assigned the article or substance under the United
Nations classification system.  The number is normally written UN ####.  Some substances have not been given
a UN number.  These are normally given an ID number in the 8000-range and are written ID ####.

7L
A78
A139

see 10.5see 10.5--Radioactive7
Radioactive material, Type A
package, special form Δ  
non-fissile or fissile exempt

3332

7L
A78
A139

see 10.5see 10.5--Radioactive7
Radioactive material, Type A
package, Δ  non-special form,
non-fissile or fissile exempt

2915

7L
A78
A139

see 10.5see 10.5--Radioactive7
Radioactive material, surface
contaminated objects (SCO-II)  
Δ  non-fissile or fissile exempt

2913

7L
A78
A139

see 10.5see 10.5--Radioactive7
Radioactive material, surface
contaminated objects (SCO-I)  
Δ  non-fissile or fissile exempt

2913

7L
A78
A139

see 10.5see 10.5--Radioactive7
Radioactive material, low
specific activity (LSA-II)  Δ
non-fissile or fissile exempt

3321

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - limited quantity of
material

2910

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - instruments

2911

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - empty packaging

2908

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - articles manufac-
tured from natural uranium

2909

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - articles manufac-
tured from natural thorium

2909

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - articles manufac-
tured from depleted uranium

2909

7LA130see 10.5see 10.5--None7
Radioactive material, excepted
package - articles

2911

Max Qty
per Pkg

H

Pkg
Inst
G

Max Qty
per Pkg

L

Pkg
Inst
K

Max Qty
per Pkg

J

Pkg
Inst

I

Ltd Qty
ERG
code

N

S.P.
see
4.4
M

Cargo
Aircraft Only

Passenger and
Cargo Aircraft

PG
F

Hazard
Label(s)

E

Sub
Risk

D

Class
or

Div.
C

Proper Shipping 
Name/Description

B

UN/
ID

No.
A

Table 8-6.  IATA 4.2  List of Dangerous Goods (extracted)

Δ - A78 -- Radioactive material with a subsidiary risk must:
(a)  Be labeled with subsidiary risk labels corresponding to each subsidiary risk exhibited by the material in accor-

dance with the relevant provisions of 10.7.2.  Corresponding placards must be affixed to transport units in accor-
dance with the relevant provisions of 10.7.5;

(b)  Be allocated to Packing Groups I, II or III, as and if appropriate, by application of the grouping criteria in Section
3 corresponding to the nature of the predominant subsidiary risk.  The description required in 10.8.3.9.2(b) must
include a description of these subsidiary risks (e.g., "Subsidiary risk: 3, 6.1"), the names of the constituents which
most predominantly contribute to this / these subsidiary risk(s), and where applicable, the packing group. 
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Column B - Proper Shipping Name/Description - An alphabetic listing of dangerous goods identified by their
Proper Shipping Names along with any qualifying descriptive text.  The Proper Shipping Name is in bold type
and descriptive text is in a lighter type.  Where applicable, there are cross-references from other names by which
the substance is known.
Column C - Class or Division - The class or division number assigned to the item (see DOT Hazard Classifica-
tion Table).
Column D - Subsidiary Risks - Contains the class or division number of any important subsidiary risks listed in
numerical order (see Precedence of Hazard Table).
Column E - Labels - Contains the hazard label to be applied to the outside of each package and the overpack.
The primary hazard label is listed first followed by any subsidiary risk label(s).
Column F - Packing Group - Contains the UN Packing Group (i.e., I, II, or III) assigned the substance.
Column G - Passenger and Cargo Aircraft Limited Quantity - Packing Instructions - Refers to the relevant
Limited Quantity (Y) Packing Instructions for transport of the article on a passenger or cargo aircraft.  If no
packing instruction is shown, the article cannot be carried under Limited Quantity provisions.
Column H - Passenger and Cargo Aircraft Limited Quantity - Maximum Net Quantity per Package -
Shows the maximum net quantity (weight or volume) of the article allowed in each package for transport on a
passenger or cargo aircraft.  The weight recorded is the net weight, unless indicated by a letter G which means
you must use the gross weight.  Net weight for an article is normally the weight of the material and article
combined, not the weight of the hazardous material only.  If the article is packaged as a Limited Quantity, it may
be carried in either a passenger or cargo aircraft.  If a cargo aircraft is used, the package must not bear the
"Cargo Aircraft Only" label.
Column I - Passenger and Cargo Aircraft - Packing Instructions - Refers to the relevant packing instructions
for transport of the article on a passenger or cargo aircraft.  
Column J - Passenger and Cargo Aircraft - Maximum Net Quantity per Package - Shows the maximum net
quantity (weight or volume) of the article allowed in each package for transport on a passenger or cargo aircraft.
If the word Forbidden is shown, the article can not be carried on a passenger aircraft..
Column K - Cargo Aircraft Only - Packing Instructions - Refers to the relevant Packing Instructions for
transport of the article on a cargo aircraft only.
Column L - Cargo Aircraft Only - Maximum Net Quantity per Package - Shows the maximum net quantity
(weight or volume) of the article allowed in each package for transport on a cargo aircraft only.  If the word
Forbidden is shown, the article can not be carried.
Column M - Special Provisions - May show a single, double or triple digit number preceded by the letter A.
This alpha-numeric is keyed to a paragraph in Section 4.4, Special Provisions.  If your item has Special Provi-
sion(s), read each paragraph and insure your package complies.  If you have questions, call Safety.
Column N - ERG Code - The Emergency Response Drill Code as found in the International Civil Aviation
Organization (ICAO) documents.  The code represents suggested responses to incidents involving the specific
dangerous good entry.

8.6  Emergency Response
The required tests for shipping containers of radioactive materials demonstrate that the packaging should be
adequate to assure that, in the event of an accident, undamaged packages will be safe.  However, damaged packages
may or may not pose an external radiation or contamination hazard.  In an emergency, priority response actions
(e.g., lifesaving, fire control, rendering first aid, etc.) may be performed before taking radiation measurements.  In
any emergency situation:

Isolate the hazard area and deny entry.  First call the emergency response number listed on the shipping paper.
Then, call the numbers listed in Notification of Radiation Emergency.
Life threatening injuries must be attended to by a qualified health care specialist.  Uninjured persons or equip-
ment with suspected contamination should be detained or isolated and remain accessible to Radiation Safety
personnel.  Delay cleanup until instructions are received from UW Radiation Safety.
Unless necessary (e.g., removal from fire), don't touch damaged / spilled containers or material.
Remain in the area and keep the area secure until emergency response personnel arrive.
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8.7  Receipt of Radioactive Material
At the UW, all shipments of radioactive material onto the campus are received in CORD.  However, radioactive
materials are transported to various research stations and certain departments use sealed sources in nuclear gages
(see Chapter 9) which may require proper receipt.  Procedures for proper receipt include:

If receiving an unsealed source, put on a lab coat, eye protection, disposable gloves and body and extremity
dosimeters (if appropriate).
Determine whether wipe tests or exposure level monitoring (or both) is required. These "labeled" package
monitoring requirements must be performed within 3 hours of receipt if the package is received during normal
working hours or within 18 hours if received after working hours.

Exposure Level Monitoring -- 10 CFR 20.1906(b)(2) and HFS 157.29(6) requires that radiation levels external
to the package be monitored for any package containing radioactive material in excess of the Type A quantities.
All Radioactive I-, II-, or III-labeled packages (including nuclear gages) require monitoring.

Measure the exposure rate in mR/hr at the package surface and at three feet from the surface of all packages
which are labeled with a White I, or Yellow II / III label.
Record the highest exposure rates at both distances in the appropriate log.  Notify Safety if exposure rates
exceed 200 mrem/hr on contact or 10 mrem/hr at 3 feet.

Wipe Tests -- 10 CFR 20.1906 and HFS 157.29(6) requires the external surfaces of each package labeled as
radioactive material be monitored for radioactive contamination.  Packages containing exempt quantities aren't
"labeled" and state and federal regulations do not require wipe testing for a package without a "radioactive"
label.  Also, radioactive gases and special form radioactive materials (e.g., nuclear gages) are exempt from wipe
tests as long as a current leak test is on hand.  For packages requiring wipe tests:

Use a moistened smear and wipe an area of approximately 300 sq. cm (6 x 8 inches) (see 7.7.b).  Wipe the
seal or seam of the box and any area where contamination is likely to be found.
For beta emitters with Emax > 100 keV, conduct a cursory check of the wipe for removable contamination by
using a thin-window survey meter.  Simply hold the wipe within 1 cm of the GM beta-window and record
the highest GM reading (minus background).  If the package contains 3H or 63Ni, count on a LSC.  If a
wipe’s GM count rate exceeds 600 cpm for 32P packages or exceeds 100 cpm above background for
packages of  14C / 35S / 33P / 45Ca, count the wipe on an LSC (see Lab 2, LSC Wipe Test Results) to
accurately determine removable contamination levels.
Record the background and wipe test results (either cpm/100 cm2 or dpm/100 cm2) on the packing slip in the
survey results area.  Notify Safety if any package wipe test exceeds 2200 dpm/100 cm2 (22 dpm/cm2 or 37
Bq/100 cm2) for ß / γ emitters or 220 dpm/100 cm2 (2.2 dpm/cm2 or 3.7 Bq/100 cm2) for α emitters.

Open all packages as soon as possible.  Call Safety if you need assistance.
Visually inspect the box and packing materials for wetness / discoloration and the inner package for signs of
damage.  Take wipe tests if contamination is suspected, notify Safety and record any observations on the
packing slip.  Any contaminated packing material must be treated as radioactive waste. 
Following manufacturer's directions, open all undamaged packages down to the primary containers.  For 32P,
wear ring dosimeter inside disposable gloves and use a Plexiglas shield.
If the wipe test results indicate the boxes and packing material are contaminated, treat them as radioactive
waste and dispose accordingly.  If meter and wipe tests are free of contamination, after all the packages have
been processed, the boxes and packing may be disposed of as normal trash or recycled.  Be sure to remove or
deface all yellow/magenta Radioactive or Caution - Radioactive Materials labels or radioactive symbols on
all outer and inner packages to be disposed.

8.8  Review Questions - Fill-in or select the correct response.
1. Persons who transport radioactive material to/from research stations must receive refresher training in transpor-

tation every                               .
2. The abbreviation, n.o.s. means                                                                                      .

3. At the UW,                                    is the 24-hour emergency phone number used on shipping papers.

4. From Table 8-7 and Table 8-2,                          mCi is the materials package limit for a 125I liquid protein.
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5. The limited quantity value for 35S liquid is                                mCi or                              MBq.

6. The ß / γ surface contamination limit for a package is                                 dpm/100 cm2.

7. The exposure rate in mrem/hr at 1 meter is the definition of the                                                                 .

8. A Type A container must say:  DOT, Type A for use in transportation.  true / false
9. A                                     label would be placed on a package with a TI of 0.5 and an RL of 60 mrem/hr.

8.9  References
Title 10, Code of Federal Regulations, Parts 20 and 71 (10 CFR 20 and 10 CFR 71)
Title 49, Code of Federal Regulations, Parts 171 - 180
Wisconsin Health & Family Services Administrative Code, Chapter 157, Radiation Protection
IATA Dangerous Goods Regulations

1TBq = 1012 Bq = 27 Ci

0.001100.027270241Am2.03054810109Cd0.40.4111160Co

0.001100.027270239Pu2.02.05454103Ru0.90.9242459Fe

0.0030.20.0815.4226Ra404011001100103Pd101027027057Co

0.02400.541100210Po4.01011027099mTc40401100110055Fe

1.05.027140203Hg0.61.0162799Mo1.01.0272754Mn

4.010110270201Tl1.01.0272795Nb303081181151Cr

0.61.01627192Ir0.82.0225495Zr40401100110049V

0.60.91624154Eu0.30.38.18.190Y0.50.5141446Sc

9.010240270153Gd0.30.38.18.190Sr1.04027110045Ca

1.01.02727152Eu0.60.6161689Sr0.6101627036Cl

0.62016540141Ce0.50.5141486Rb3.04081110035S

0.62.01654137Cs2.02.0545485Sr1.04027110033P

0.73.01981131I3.03.0818175Se0.50.5141432P

3.02081540125I0.50.5141468Ge0.20.25.45.424Na

1.01.02727124I3.07.08119067Ga0.50.5141422Na

3.06.081160123I2.02.0545465Zn0.61.0162718F

2.04.054110113Sn1.06.02716064Cu3.04081110014C

3.03.08181111In3040810110063Ni4040110011003H

A2A1A2A1A2A1A2A1A2A1A2A1

TBqCurieTBqCurieTBqCurie

Table 8-7.  A1 and A2  Values (Curies and Terabecquerel1) for Selected Nuclides
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Date Shipped

Disposal Form (copy to CORD)

Any Special Instructions Provided (e.g, Exclusive Use, Airbill, etc.)

Shipping Papers, (Airbill) Certification, Exclusive Use Survey, etc.

Shipping
Papers or
Information

Dry Ice (on shipping papers)

This Side Up (liquid)

USDOT 7A Type A

CORD Address

Marking Proper Shipping Name & ID #

Label (LQ, W-I, Y-II, Y-III (CDL required for III))

Exclusive Use Vehicle Survey - 6 ft & Drivers Cab mR/hr acceptable?

                   3 Ft (TI) mR/hr

Exposure Rate:                       Bkg mR/hr                     Contact mR/hr

Wipe cpm

Wipe Test Background cpm

Proper Package (not damaged)

Packaging 
Information

Quantity (Exempt, Limited, Type A - see Label)

Form (Normal, Special, Instruments/Articles, Other)

Activity (MBq and (optional) mCi)

Nuclide

Billing Information (if CORD ships)

Copy of License from Receiver (Ship-to can receive?)

Ship-to Address Verified

Shipper Trained within 3 years

Preliminary
Information

Table 8-8.  Radionuclide Shipment Checklist

Shipper:                                                       

Keep this and all records of this shipment for 3 years after shipment
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0.010.540.540.0540.000270.27PoloniumPo-210

1027272.70.00272.7MercuryHg-203

1000110110110.002727ThalliumTl-201

1016161.60.000270.27IridiumIr-192

1016161.60.0002727EuropiumEu-154

10240240240.0027270GadoliniumGd-153

1027272.70.0002727EuropiumEu-152

1016161.60.0027270CeriumCe-141

116161.60.000270.27CesiumCs-137 

0.0119191.90.002727IodineI-131

0.0181818.10.02727IodineI-125

0.127272.70.0002727IodineI-124

1081818.10.0027270IodineI-123

1054545.480.027270TinSn-113

10081818.10.002727IndiumIn-111

154545.40.2727CadmiumCd-109

1054545.40.002727RutheniumRu-103

100110011001100.0272700PalladiumPd-103

100110110110.0027270TechnetiumTc-99m

10016161.60.002727 MolybdenumMo-99

0.18.1818.10.00270.27StrontiumSr-90

1016161.60.02727StrontiumSr-89

1014141.40.00272.7RubidiumRb-86

1054545.40.002727StrontiumSr-85

1081818.10.002727SeleniumSe-75

1014141.40.000272.7GermaniumGe-68

10081818.10.002727GalliumGa-67

1054545.40.0002727ZincZn-65

100027272.70.002727CopperCu-64

100810810812.72700NickelNi-63

1011111.10.000272.7CobaltCo-60

1024242.40.0002727IronFe-59

100270270270.002727CobaltCo-57

100110011001100.2727IronFe-55

1027272.70.0002727ManganeseMn-54

1000810810810.027270ChromiumCr-51

1000110011001100.27270VanadiumV-49

1014141.40.0002727ScandiumSc-46

1027272.70.27270CalciumCa-45

1016161.60.2727ChlorineCl-36

181818.12.72700SulfurS-35

127272.72.72700PhosphorusP-33

0.114141.40.0272.7PhosphorusP-32

105.45.40.540.000272.7SodiumNa-24

1014141.40.0002727SodiumNa-22

100016161.60.0002727FluorineF-18

1081818.10.27270CarbonC-14

100110011001102727,000HydrogenH-3

Solid
10-3A2

Liquid
10-4A2

Concentration
(μCi/g)

Package
(μCi)

RQ
(Ci)

Type A 
Package
A2 (Ci)

Limited (mCi)Exempt

ElementSymbol

Table 8-9.  Exempt, Limited, and Type A Package Quantity (curie) Limits
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0.00037200.020.002100.01PoloniumPo-210

0.37100010.11000.1MercuryHg-203
37400040.41001ThalliumTl-201

0.376000.60.06100.01IridiumIr-192

0.376000.60.06101EuropiumEu-154

0.37900090.910010GadoliniumGd-153

0.37100010.1101EuropiumEu-152

0.376000.60.0610010CeriumCe-141
0.0376000.60.06100.01CesiumCs-137 

0.000377000.70.071001IodineI-131

0.00037300030.310001IodineI-125

0.0037100010.1101IodineI-124

0.37300030.310010IodineI-123

0.37200020.2100010TinSn-113
3.7300030.31001IndiumIn-111

0.037200020.210,0001CadmiumCd-109

0.37200020.21001RutheniumRu-103

3.740,0004041000100PalladiumPd-103

3.7400040.410010TechnetiumTc-99m

3.76000.60.061001 MolybdenumMo-99
0.00373000.30.031000.01StrontiumSr-90

0.376000.60.0610001StrontiumSr-89

0.375000.50.051000.1RubidiumRb-86

0.37200020.21001StrontiumSr-85

0.37300030.31001SeleniumSe-75

0.375000.50.05100.1GermaniumGe-68
3.7300030.31001GalliumGa-67

0.37200020.2101ZincZn-65

37100010.11001CopperCu-64

3.730,000303100,000100NickelNi-63

0.374000.40.04100.1CobaltCo-60

0.379000.90.09101IronFe-59
3.710,0001011001CobaltCo-57

3.740,00040410,0001IronFe-55

0.37100010.1101ManganeseMn-54

3730,000303100010ChromiumCr-51

3740,00040410,00010VanadiumV-49

0.375000.50.05101ScandiumSc-46
0.37100010.110,00010CalciumCa-45

0.376000.60.0510,0001ChlorineCl-36

0.037300030.3100,000100SulfurS-35

0.037100010.110,000100PhosphorusP-33

0.00375000.50.0510000.1PhosphorusP-32

0.372000.20.02100.1SodiumNa-24
0.375000.50.05101SodiumNa-22

376000.60.06101FluorineF-18

0.37300030.310,00010CarbonC-14

3.740,0004041,000,0001000HydrogenH-3

Solid
10-3A2

Liquid
10-4A2

Concentration
(Bq/g)

Package
(MBq)

RQ
(TBq)

Type A 
Package
A2 (GBq)

Limited (GBq)Exempt

ElementSymbol

Table 8-10.  Exempt, Limited, and Type A Package Quantity (becquerel) Limits
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