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Abstract. Radioactive materials (RAM) are used extensively in a vast array of industries and in an even wider
breadth of applications on a truly global basis each and every day. Over the past 50 years, these applications and
the quantity (activity) of RAM shipped has grown significantly, with the next 50 years expected to show a
continuing trend.

The movement of these goods occurs in all regions of the world, and must therefore be conducted in a manner
which will not adversely impact people or the environment. Industry and regulators have jointly met this
challenge, so much so that RAM shipments are amongst the safest of any product. How has this level of
performance been achieved? What is involved in shipping RAM from one corner of the world to another, often
via a number of in-transit locations and often utilizing multiple modes of transport in any single shipment?

This paper reviews one such journey, of Category 1 Cobalt-60 sources, as they move from point of manufacture
through to point of use including the detailed and multi-approval process, the stringent regulatory requirements
in place, the extensive communications required throughout, and the practical aspects needed to simply offer
such a product for sale and transport. Upon completion, the rationale for such an exemplary safety and security
record will be readily apparent.

Introduction.

Radioactive materials are key for a wide variety of applications around the world. Many of these applications
require reliable, fast and effective transport of products from supplier to end user. Inability to provide reliable,
cost and time efficient transport will have a deleterious effect, not only on the industry supplying the product, but
even more importantly, on the industry or the public that uses and relies on those radioactive materials. We all
benefit in some way by the peaceful uses of radioactive materials. Such products have practical applications in
medicine, industry, oil and gas discovery and transportation, agriculture, food safety, security as well as in
common consumer products. They are found in factories, universities, research centres, hospitals, irradiation
facilities, construction sites, oil fields and even in our offices and homes. In medicine, cobalt-60 sealed sources
are used for external beam radiation cancer treatment with more than 45,000 treatments per day provided in
some 50 countries around the world; Brachytherapy, which is another form of radiotherapy, involves other
isotopes in sealed sources being placed inside or next to the area or tumour requiring treatment; and nuclear
medicine products and radiopharmaceuticals are used millions of times per year in diagnosis and treatment of a
multitude of diseases. Further, cobalt-60 is used to sterilize approximately 40% of all single use medical
disposables such as sutures, catheters, syringes, heart valves, artificial joints and approximately 80% of all
surgeons’ gloves. In fact, some specific products used in medical procedures, such as biological materials for
transplant, alcohol swabs and sealed devices used in endoscopes, can only be sterilized using cobalt-60.

Regulatory Control.

Shipments of sealed sources, radionuclides and radiopharmaceuticals occur daily by all modes of transport
through a wide variety of carriers, and throughout ocean, road, and air border Ports globally. The vast majority
of these movements occur routinely, on time and without issue. The transportation of radioactive materials is
highly regulated at the international level by three United Nations (UN) organizations: the International Atomic
Energy Agency (IAEA), International Maritime Organization (IMO) and International Civil Aviation
Organization (ICAO). Based on these international standards, regulations are promulgated and applied at the
national level by such competent authorities as a country’s nuclear or transport regulator. Further, state,
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provincial, municipal or local regulations may separately or jointly govern the movement of these products
around the world. Finally, Ports (air, land border or sea) through which these products pass will also institute
controls to which these products, in transport, must abide.

The level of control and the regulations to which radioactive materials must adhere is therefore highly specific
and highly controlled. Since September 11, 2001, these regulations, which primarily focused on safety, have
been supplemented with globally instituted security enhancements. For example, the IAEA published its ‘Code
of conduct on the safety and security of radioactive sources’ (IAEA, 2004), which urged all Member States of
the IAEA to follow the guidance contained in the Code and to make a political commitment to the Code. A key
objective was to assist countries in their development, harmonization and implementation of national policies,
laws and regulations with a goal to achieve and maintain a high level of safety and security of radioactive
sources; prevent unauthorized access or damage, loss, theft or unauthorized transfer of sources; and to mitigate
or minimize the radiological consequences of any accident or malicious act involving such sources. In addition,
the IAEA published ‘Security in the transport of radioactive material’ in the ‘IAEA nuclear security series no. 9’
in 2008. The objective of this guide was to assist Member States in setting up National regulations which would
govern the security in transport of radioactive material. The guide provides guidance to Member States regarding
what needs to be done, from a security perspective, in protecting radioactive materials while in transit. Further, at
a national level, countries have implemented regulations which mandate the development and implementation
by shippers and carriers of transportation security plans and programmes; personnel security checks; in the US,
specific requirements via safeguarded information; and significant administrative controls applied to or proposed
to be applied to the vast majority of radioactive material shipments — both sources and nuclear medicine
products.

Industry associations typically establish a Code of Conduct for its member companies. This Code calls on all
members to use national and international regulations as a baseline, and to institute them into their business as a
minimal standard. Further, given that the industry is shipping radioactive materials throughout the world on both
cargo and passenger conveyances, or in the courier network, controls on the containers used to carry this product
are highly specific and also highly regulated. The containers used to carry radioactive materials can be
segregated into two categories: Type A for small activity shipments and Type B for larger activity shipments.
Regulatory controls exist for the testing, safety analysis report completion and review, and licensing/registration
of these containers, before their availability for use. Given the highly and tightly controlled environment in
which the processing, preparation and shipment of these radioactive products occurs, it is easy to see how the
IAEA stated (IAEA International Conference on ‘The safety of transport of radioactive material’, 2003) that
‘Over several decades of transport, there has never been an in-transit accident with serious human health,
economic or environmental consequences attributable to the radioactive nature of the goods’. This quote is still
valid today. When conducted in compliance with the existing regulatory framework, the transport of these
products, undeniably critical to society and important to the global economy, is extremely safe.

Practical Application.

Implementation and compliance with the regulatory requirements described above must balance with the
practical requirements of business and commerce, ensuring such things as time of delivery, transport routing,
transport costs, and shipper / receiver requirements.

The process for shipping Cobalt-60 begins some 2 to 3 months prior to date of actual movement of the Cobalt-60
from the Nordion Inc. site located in Ottawa, Canada. During this time period, a booking request is made
through a Freight Forwarder to ocean carriers who have the routes, schedule and licencing to carry radioactive
material to the Port of discharge. The ocean carrier reviews the request and considers such issues as insurance,
co-share requirements, vessel owner permissions, routing detail, and obtaining Port approvals for the in-transit
movement of their ship. Concurrently, Nordion is working with the customer to provide the detail needed for
them to apply and obtain their Import Permit from the competent authority of the country to which the Cobalt-60
will be shipped and utilized. Once the Import Permit is completed, the CNSC (Canadian Nuclear Safety
Comission) utilizes it to review and determine whether an Export Permit is warranted for that specific shipment.
The Import permit is also provided to the Freight Forwarder and ocean carrier who will not accept the shipment
without this document in hand. Again, concurrent with this activity, Nordion is coordinating the routing;
schedule; road and/or rail carriers; Canadian, US Federal and State aprovals; and seafreight containerization
process for the pending shipment to the load Port. In addition, where Nordion is responsible for shipping
directly to the customer location (vs. Port of discharge), Nordion is working with the Freight Forwarder to
identify routings, carrier capability and availability, Customs Clearance processes, and routing approvals from
the Port of discharge to the customer’s site. Only once Nordion has received the ocean carrier acceptance of
shipment, the Export Permit from the CNSC, the approvals from all regulators involved in the land movement
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from Nordion to Port of discharge, approval and scheduling of customs clearances, and approval of routing from
Port of discharge to customer site, can the Cobalt-60 finally begin its journey to the customer.

Because Cobalt-60 is a radioactive material that naturally decays over time (half-life of 5.25 years), its useful
life is often limited to 20 — 25 years in a production irradiator. As the demand for sterilized medical disposable
products continuers to grow, combined with this roughly 12% activity decrease on a year- over-year basis, there
are routine shipments of Cobalt-60 required to customer sites. Further, over time and as sources reach the end of
their useful life, there is a need to remove these “spent” sources from the irradiator and return them to Nordion
for disposal. Even after 20- 25 years, the Cobalt-60 is still radioactive and must therefore follow all the same
regulations, processes and procedures for return as it did when originally shipped. In addition, since these spent
sources are being returned to Nordion from around the world, there is a need for the Code of Conduct Import /
Export process to again be followed. As a result, the actions and approvals required and summarized above for
the outgoing shipment, must again be followed for the returning shipment. If there are no spent sources required
for return, the empty containers are subject to less stringent controls since they are not carrying radioactive
materials.

The flowchart below summarizes the process followed :
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Conclusion.

Shipping of Category 1 Cobalt-60 sources is formal, specific and very detailed. The history of such shipments is
exemplary from a safety and security perspective. The process followed integrates international, national and
local regulations and regulators. It includes multiple check points throughout, requiring independent checks and
double checks. It involves effective, routine and detailed communications between multiple stakeholders,
including the shipper, carrier, customer, Ports, Customs’ authorities, and regulators in all countries through
which the transport occurs. It involves a highly qualified, trained and authorized supply chain who meet all
safety and security requirements.

Nordion and the industry are proud of the very positive and proactive roles they have played in developing
supporting regulations, practices and procedures over time. We look forward to a continuing involvement with
the IAEA, IMO, ICAO, national and local authorities to continuously improve shipping practices in the future,
and, importantly, to the ability to maintain shipments by multiple modes of transport through multiple countries
in an effective, timely, safe and secure manner.
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