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1. INTRODUCTION
A group of experts has been tasked to put together criteria to considerer when assessing the
economical feasibility of transitioning from gamma to accelerator-based sterilization (both
electron beam and X-Ray).
The outline of the discussion is as follows:
•
•

•

All three modalities used in radiation sterilization processing (Gamma, Electron beam and
X-Ray) are discussed.
Critical aspects of the radiation processing for each modality are presented. These can be
compared and assessed for particular scenarios, as applicable. The outcome of such
assessment will depend on the country, type of product, Cobalt and electricity availability
and many other parameters.
Costs are not included, as those will be very different per country and are difficult to assess
for every condition. Information may be found in some of the documents listed in Section
3 (References 1, 2, 3 and 7).

2. PRESENTATIONS AND DISCUSSIONS
2.1. Sterilization Processing Situation
Over the last 40 years, the sterilization process was mostly based on gamma and Ethylene Oxide
technologies.
Electron beam technology was used for several decades for material modification applications.
Since the late 90s and availability of more reliable 5-10MeV electron beam irradiators, sterilization
processes based on accelerator technology became more common.
The first 7 MeV high power X-Ray irradiator dedicated to sterilization processing started in 2011.
Among other reasons, increasing concerns about Co-60 source availability and Ethylene Oxide
emission and residual levels, put pressure on the supply chain of medical device manufacturers.
Due to those concerns and the growing of the sterilization market, electron beam technology
developed very fast in last 5 years. As an example, in last 5 years in China many more electron
beam irradiators have been established than gamma irradiators.
We believe that in the coming years, electron beam irradiator installations will continue and in
addition, several X-Ray irradiators will also be installed.
2.2. Critical aspects to take into account when considering Gamma / Accelerator-based
irradiator for sterilization processes
A variety of factors need to be considered when comparing radiation modalities and choosing a
sterilization facility. One of the most important and time- and cost-consuming factors is licensing
and regulations. All three modes of sterilization require facility licenses; however, gamma requires

additional licensing and costs related to cobalt possession, use, transportation and disposal.
Licensing of accelerator facilities is simpler in general, however there are strict energy limits for
both electron beam and x-ray. Note that in some countries there are financial incentives to operate
accelerator facilities. All three types of facilities must comply with ISO 11137, FDA, and
Pharmaceutical standards if applicable.
When considering a facility, one should keep in mind availability and costs of consumables.
Uncertainty in cobalt costs and availability is one of the main reasons for increased acceptance of
accelerator-based sterilization methods. However, reliability of accelerators still remains an issue.
Most of the facilities have more than one accelerator for back up. When choosing a site, the
environmental characteristics need to be accessed and potential natural disasters, such as
earthquakes, need to be considered. This is especially critical for gamma facilities. Public
perception of the radiation technologies is also important, especially in the countries where public
approval is required for the facility licensing. In general, public is less concerned about acceleratorbased irradiation facilities, and more concerned about facilities containing radioactive material
(cobalt).
User acceptance is also critical. As we mentioned earlier, gamma has historically been considered
as the main modality of radiation sterilizations. While sterilization processes based on accelerator
technology became more common, most of the users still prefer the well-established gamma
sterilization process. This is especially true for grandfathered products, which would be too
expensive to revalidate. Typically, gamma facilities have good uptime and can be restarted quickly
after unplanned maintenance. However, cobalt reload can be time consuming. Accelerator-based
facilities have slightly lower uptime and may require longer to restart. Note that electron beam
facilities have higher chances of resulting in non-conforming material. While gamma and X-Ray
can be used for higher density and bulky products, electron beam is mostly used for low density,
thin products. Dose distribution for electron beam is more difficult to predict as it is dependent on
product mass and geometry and orientation to the beam in much greater extent than in case of the
other two modalities. As a result, process load configuration requires higher control.
Due to their intrinsic “simplicity”, gamma facilities require fewer employees and have overall
lower HR requirements compared to accelerator-based facilities. Gamma facility maintenance may
be done internally or with local supplier. The spare parts are not expensive and widely available.
Maintenance of accelerator-based facilities is more complicated and costly.
As one can see from the table below which summarized the above statements (and more), there is
no better or worse facility as it greatly depends on local market and regulations, availability of
cobalt, products to be sterilized, and local HR resources. Note that the table has been developed
for sterilization processes but also applies to food processes.
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(7.5)
<= 7.5 MeV for
other products

Financial incentive: Not
likely

Financial incentive:
More likely

Financial incentive:
More likely

Personnel training /
certification

Personnel training /
certification

Personnel training /
certification

ISO 11137
FDA
Pharma

ISO 11137
FDA
Pharma

ISO 11137
FDA
Pharma

Product activation
assessment required
when energy
>10MeV
N/A

Product activation
assessment required
when energy
>5MeV
N/A

Ozone emission level

Ozone emission
level
No concern

Regulation /
Norms

Natural / environmental
disasters (earthquake,
tsunami, etc)
3

Environment
Ozone emission level

4
5
6

7

Public acceptance
of technology
User acceptance
of technology
Safety
(See Reference 8)

Consumable

Low
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3. CONCLUSIONS
•

We believe that the transfer from gamma to accelerator-based technology for sterilization
is economically viable and should be seriously considered when a new site is selected, or
an existing site is updated.

•

The final decision on which technology to be selected will depend on the outcome of the
assessment made using the table above. This can be Gamma, Electron beam, X-Ray or
their combination.

•

We believe that some of those technologies (mostly X-Ray) are not well known by the
potential users and that effort should be made to educate and inform them about all pros
and cons of this radiation modality.

•

Economical viability of the X-Ray and electron beam technologies will further improve in
the near future when these technologies will be used more.
4. RECOMMENDATIONS
•

•

•
•

•

The IAEA should continue to provide platforms for sharing information and experiences
on the use of all radiation modalities that are available for radiation sterilization of
healthcare product. This could be done through:
- Dedicated sessions in the relevant conferences, such as ICARST;
- Update of the QA/QC guidelines (2013);
- Development of E-learning modules on technology and processing;
- Creation of a documented overview of irradiator technologies;
- Update the database on existing installations in Member States;
- Share success story from Member states.
The IAEA should promote versatility in the validation of sterilization processes using
ionizing radiation. Medical device manufacturers and the radiation processing industry
could benefit from the fact of validating new products for sterilization using all of the
existing modalities of ionizing radiation. For example, a public database on existing
publication covering those topics, would be very useful.
The IAEA should support Member States’ initiatives to evaluate compatibility of existing
products to all three technologies, in order to facilitate the transition from one technology
to the other if required.
The IAEA should support harmonization of existing standards and Member State
regulation, for instance the acceptance of radiation processing using X-Ray technology
with energy up to 7.5 MeV. This may be done by organizing technical meetings or
workshops supporting studies in this area.
The IAEA should support further development of accelerator technology, in order to
improve the operational performance and reduce cost. For example, a dedicated session at
AccApp’20 in 2020 could bring together experts in accelerator design and users.
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