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Medical device sterilization is essential for patient safety, 
regulatory compliance and product quality. The sterilization 
methods available give providers of this service options that 
require specific design and construction expertise. 

Primus is one of the few design-build-automate companies in the 
United States with experience designing and building projects 
featuring the three main sterilization methods: E-beam, Gamma 
and Ethylene Oxide. We understand the unique features of these 
buildings (storage, containment, bi-product abatement, etc.)
and the specific design and construction approach required to
be successful. 

The three main sterilization methods are defined below, along 
with the advantages and disadvantages of each. Design and 
construction considerations are included.

MEDICAL DEVICE STERILIZATION METHODS

E-beam sterilization uses electron beams to sterilize medical 
devices quickly and effectively. E-beam sterilization is the most 
efficient technology for low-density medical devices packaged 
in boxes. Below are a few advantages and challenges for this 
sterilization method.

Advantages:

1.	 Efficient Microbial Inactivation – E-beam sterilization 
is highly effective at inactivating many microorganisms. 
It can achieve a high level of sterility in a relatively 
short time.

2.	 Cold Sterilization – It does not rely on heat, making it 
suitable for materials sensitive to high temperatures 
like certain plastics, drugs and biological materials.

3.	 Penetration – E-beams can penetrate packaging 
materials to sterilize the entire product

4.	 No Residuals – E-beam sterilization does not 
leave any residue, which is crucial for 
medical devices. 

5.	 Controlled Process – E-beam sterilization can 
be efficiently monitored and offers 
consistent results. 

6.	 Rapid Processing – E-beam sterilization is a 
relatively fast process and is well-suited for 
high-throughput production. 

Electronic Beam
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Challenges: 

1.	 Radiation Shielding Design – E-beams require robust 
radiation shielding to protect workers and the environment 
from ionizing radiation. 

2.	 E-beam Chamber Integration – The chamber’s size, 
configuration and connection to other building components 
must be carefully considered to ensure safe 
and efficient operations. 

3.	 Structural Integrity – The facility must be designed to bear 
the impact of radiation and high-voltage systems over time.

4.	 Initial Equipment Cost – E-beam sterilization equipment can 
be expensive to procure and install.

5.	 Energy Costs – Ongoing energy costs for running e-beam 
equipment can be expensive.

6.	 Limited Material Compatibility – Some polymers and 
materials may be sensitive to electron beams.

7.	 Regulatory Compliance – Facilities must adhere to strict 
guidelines to ensure the safety of the process.

8.	 Environmental Impact Assessment – An environmental 
assessment must be conducted to evaluate potential effects 
on the building’s surroundings, such as radiation release, 
waste disposal and energy consumption.

9.	 Integration with Existing Infrastructure – Integration with 
existing utilities, transportation networks and environmental 

10.	Personnel Safety Measures – The facility must be designed 
to accommodate strict zoning and controlled access for 
personnel safety and regulatory compliance.

Gamma sterilization uses high-energy photons emitted from 
Cobalt-60, an isotope, to eliminate highly resistant bacterial 
endospores. This method is perfect for equipment of varying 
densities and volumes. Below are a few advantages and 
challenges for this sterilization method. 

Advantages:

1.	 Effective Microbial Inactivation – Gamma radiation is highly 
effective and will destroy all microbial life, including bacteria, 
viruses and fungi.  

2.	 Penetration – Gamma rays can pass through a wide range 
of materials, including dense and opaque packaging. 

3.	 Cold Sterilization – Like E-beam sterilization, gamma 
sterilization is a cold process and does not rely on heat. 
It is suitable for heat-sensitive materials, including certain 
plastics, drugs and biological products. 

4.	 No Residuals – Gamma sterilization does not 
leave residuals.

5.	 Consistent & Uniform Treatment – Gamma 
irradiation provides a uniform dose throughout 
the product.

6.	 Batch Processing – Gamma sterilization is 
well-suited for batch processing, allowing large 
quantities to be sterilized simultaneously.

Gamma Sterilization
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Challenges: 

1.	 Radioactive Source Installation – Installing and handling cobalt-60 is a critical and highly regulated process. 

2.	 Shielded Irradiator Design & Construction – The irradiator, which contains the radioactive source, must be carefully 
designed and constructed. This includes considerations for structural integrity, radiation containment and 
ease of maintenance. 

3.	 Less Control – Gamma sterilization does not have the real-time control that E-beam sterilization has. The dosage is 
typically predetermined based on the product requirements. 

4.	 Equipment & Facility Costs – Gamma radiation requires radiation-shielded chambers, which can be expensive. 

5.	 Regulatory Compliance – Handling radioactive materials requires strict adherence to safety and environmental 
regulations. This includes transportation and waste management. 

6.	 Personnel Safety Measures – Developing comprehensive safety measures is crucial. This includes safety systems, 
emergency shutdown procedures and protective equipment to minimize radiation exposure. 

Ethylene Oxide sterilization, commonly referred to as EO or EtO sterilization, is considered the sterilization method with 
the broadest application because of its effectiveness at lower temperatures and its general compatibility with various 
materials, resins and product types. EtO sterilization requires pre-conditioning and post-conditioning steps as part of the 
sterilization process.

Advantages:

1.	 Compatibility with Heat-Sensitive Materials – EtO is a 
low-temperature sterilization method that makes it suitable 
for heat-sensitive materials such as plastics, electronics, and 
other devices that may be damaged by exposure 
to high temperatures. 

2.	 Deep Penetration – EtO has strong penetration capabilities, 
allowing it to access hard-to-reach areas of medical devices 
with intricate designs. 

3.	 Broad Material Compatibility – EtO is compatible with a wide 
range of materials, including polymers, elastomers, 
metals, and ceramics. 

4.	 Effective Microbial Inactivation – EtO kills a broad spectrum 
of microorganisms, including bacteria, viruses, 
fungi and spores. 

5.	 Batch Processing – EtO can be used to sterilize multiple 
items simultaneously. 

Ethylene Oxide

Challenges:

1.	 Handling Hazards – EtO is a toxic gas; exposure 
can pose health risks to workers. Strict protocols 
must be in place. 

2.	 Long Sterilization Cycle – The EtO sterilization 
cycle can take several hours. 

3.	 Residuals & Aeration Time – While EtO leaves 
low residues, aeration time is required to remove 
any remaining gas, which may 
be time-consuming. 

4.	 Material Compatibility – Certain sensitive 
materials may be adversely affected by the EtO 
process. This includes some plastics. Designing 
the facility with materials that are compatible with 
EtO is critical.  

5.	 Environmental Impact – EtO is considered an 
environmental hazard; its use is subject to strict 
environmental regulations. An environmental 
impact assessment must be conducted. 
Emission control and abatement systems must 
be put in place. 

6.	 Waste Management – The disposal of waste 
generated during EtO sterilization, including 
residual gases and materials touched by EtTO, 
is subject to strict regulations. Proper waste 
management systems must be included 
in the design. 

7.	 Community Relations – Constructing an 
EtO facility may raise concerns among the 
local community. It is essential to establish 
transparent communication. 
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Primus understands and respects the sensitive nature of these projects and is ready to put our expertise to work.

Whether you’re an established medical device sterilization provider looking to modernize your facility in the
United States or Mexico or ready to get your new facility off the ground, Primus can help. Our team can provide 
the upfront research, analysis, permitting, design and construction of your facility, along with coordination with 
sterilization equipment suppliers. We are proud to offer a true turn-key solution.

To get started on your next project, contact Matt Hirsch (mhirsch@primusbuilders.com; 404-567-1492).

 


