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MICROBIOLOGICAL CONTAMINANTS

• INTRINSIC

• EXTRINSIC



Sterilization - any process that effectively kills or inactivates
microorganisms like fungi, bacteria, viruses, and spore forms.

Disinfection - a process that eliminates many or all pathogenic 
microorganisms with the exception of bacterial spores.  

The choice of the sterilization method depends on the purpose of the 
sterilization and the material that will be sterilized.

There is no single sterilization process for all the pharmaceuticals and 
medical devices.





Method Advantages Drawbacks Materials that can be sterilized

Moist heat Simple, low cost, safety, and 

efficacy

Temperatures > 100oC and pressure

Many metals have the potential to corrode or rust after repeated exposure to 

steam. Some plastics may lose their structural integrity, be sensitive to elevated 

levels of heat, be susceptible to migration of plasticizers to the substrate surface, 

or negatively react or break down when exposed to water.

Surgical dressings, sheets, surgical and 

diagnostic equipment, containers, closures, 

aqueous injections, ophthalmic preparations 

and irrigation fluids.

Dry heat A simple method that can be used 

for sterilizing products that steam 

cannot penetrate 

heat-resistant materials

higher temperatures and larger processing times required can lead to melting, 

distortion, and degradation

Dry powdered drugs, suspensions of drugs in 

non-aqueous solvents, fats waxes, oils, soft 

hard paraffin silicone, oily injections, implants, 

ophthalmic ointments and ointment bases

Gas High efficiency, low temperatures 

and compatibility with most 

materials

For heat- and radiosensitive 

materials

The necessity of the elimination of residual sterilizing agents and other possible 

volatile residues.

safety concerns regarding the flammable, toxic and carcinogenic nature of EtO

long processing time

Hormones, proteins, and various heat-

sensitive drugs

UV UV irradiation is non-ionizing, 

products of unstable composition 

can be sterilized by this 

method.

Non-effective due to poor penetration power. Sanitation of garments or utensils

Ionizing radiation good assurance of product sterility, 

no chemical residue, the ability to 

operate at low temperature, and 

the immediate availability of the 

product after sterilization. 

Gamma-higher penetration.

possible undesirable changes in irradiated products, requires well-trained staff 

and specially designed and built installations. 

Antibiotics, hormones, sutures, plastics and 

catheters, Implants, artificial joints, syringes, 

blood bags, gowns, bottle teats for

premature baby units and dressings, surgical 

gloves 

Liquids Low-temperature process. Phenols are ineffective against spores and most viruses.

Phenols and aldehydes are toxic, corrosive, and/or irritating. Thus, there is a 

need for the rinsing step to remove chemical residues.

FDA recommends that the use of liquid chemicals be limited to critical devices 

proven to be incompatible with other conventional methods.

pharmaceutical products, ophthalmic 

solutions, culture media, oils, antibiotics, and 

other heat-sensitive solutions



Influence of ionizing radiation on living organisms



Radioresistance





radiation dose (kGy) required to reduce the number of microorganisms

by 10-fold (one log cycle) or required to kill 90% of the total number

D10 value



Oxygen: increases the lethal effect on microorganisms. 

Water content: Microorganisms are most resistant when irradiated in dry conditions.

Temperature: Treatment at elevated temperature, generally in the sub-lethal range above 45°C, synergistically
enhances the bactericidal effects of ionizing radiation on vegetative cells. Vegetative microorganisms are considerably 
more resistant to radiation at subfreezing temperatures than at ambient temperatures. 

Medium: The composition of the medium surrounding the microorganism plays an important role in the 
microbiological effects. D10 values for certain microorganisms can differ considerably in different media;

Post-irradiation conditions: Microorganisms that survive irradiation treatment will probably be more sensitive to 
environmental conditions (temperature, pH, nutrients, inhibitors, etc.) than the untreated cells

Influence of irradiation and post-irradiation conditions



Standards in radiation sterilization of medical equipment



Radiation Sterilization Plant (SSR)

The sterilization process was validated in accordance with the requirements of PN-EN ISO 11137-1: 2015-07 Sterilization of products used in health care -

Radiation - Part 1: Requirements for the development, validation and routine control of a sterilization process for medical devices. Since 2007, the SSR

has a certified Quality Management System based on the PN-EN ISO 13485: 2016-04 standard for the design and performing of sterilization process for

medical devices. The SSR has also a manufacturing authorization for human medicinal products in the field of sterilization of active substances,

excipients and final product with the use of an electron beam. The process is carried out taking into account the principles of the GMP, which has been

confirmed by the certificate of GMP compliance of a manufacturer.



ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

STERILIZING AGENT CHARACTERIZATION

• Irradiation type (EB and X-rays energy defined, above 10 MeV (EB) and 5 MeV(X-rays) radioactivity
assesment)



Medical devices may be sterilized by the 
following  sources of ionizing radiation: 

• gamma rays from radionuclides 60Co or
137Cs;

• X-ray generated from machine sources 
operated at a nominal energy level of 5 
MeV;

• electrons generated from machine 
sources operated at or below a nominal 
energy level of 10 MeV.

Sources of ionizing radiation used in sterilization





ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

PROCESS AND EQUIPMENT CHARACTERIZATION
• Equipment specification

Gamma EB X-rays

Radionuclide type Electron energy Electron or X-ray energy

Radionuclide activity Average beam current Average beam current

Gamma chamber geometry Scan width and unirormity Scan width and unirormity

The means of indicating the position of the gamma 
source;

The means of indicating that 
the beam and the conveyor 
are operating;

The dimension, materials and nature of construction of the X-ray 
converter

The means of indicating that the beam and the conveyor are operating

The means of automatically returning the gamma 
source to the storage position and automatically 
ceasing conveyor movement if the process control 
timer or the conveyor system fails; 

The means of ceasing 
irradiation if any failure of 
the conveyor occurs which 
affects the dose

The means of ceasing irradiation if any failure of the conveyor occurs 
which affects the dose

The means of returning the gamma source to the 
storage position and automatically ceasing conveyor 
movement or identifying affected product if the 
gamma source is not at its intended position

The means of ceasing 
conveyor movement or 
identifying affected product 
if any fault in the beam 
occurs

The means of ceasing conveyor movement or identifying affected 
product if any fault in the beam occurs

The means of ceasing irradiation if failure of the target cooling system 
occurs



ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

PROCESS AND EQUIPMENT CHARACTERIZATION

All types of irradiation

• the premises including the location of the irradiator
• product segregation
• conveyor system + path
• irradiation container(s)
• means of process monitoring and control





ISO 11137-2:2013
Sterilization of health care products - Radiation –
Part 2: Establishing the sterilization dose

PRODUCT DEFINITION
• Together with packaging material, updated if changes implemented

• Product families (bioburden+ factors influencing:
- type and origin of raw materials 
- components
- production process
- equipment used in the production process
- production place
- production environment.

Representative product - The number and types of microorganisms on or in a product shall be used as the basis 
for selecting a product to represent a product family, 



Should be chosen according to the initial bioburden, sterility assurance 
level (SAL) and the radiosensitivity of microorganisms.

A sterility assurance level (SAL) - the probability of a viable microorganism 
being present on an individual product unit after sterilization.

Sterilization of medical devices – SAL of 10-6 indicates a probability of one 
item being contaminated in one million

Sterilization dose



ISO 11137-2:2013
Sterilization of health care products - Radiation –
Part 2: Establishing the sterilization dose

DETERMINATION OF STERILIZATION DOSE

• Method 1 Using Bioburden Information 
The information on the number of microorganisms on or in a product compared to a standard distribution of 
resistances (SDR) to determine the minimum sterilization dose. 

• Method 2 Fraction positive information from incremental dosing
Information about the resistance to radiation of microorganisms as they occur on the product. This specific 
resistance is being used for dose setting.
Method 2A for products with bioburden as would be expected from a normal manufacturing process
Method 2B for products with consistent and very low bioburden.

• Substantiation of 25 or 15 kGy
Selection of the minimum sterilization dose of 15/25 kGy and further laboratory testing to demonstrate that a 
SAL 10-6 has been achieved with the selected minimum sterilization dose.
If bioburden:
• 1 000 cfu per product unit →VDmax25 
• 1.5 cfu per product → VDmax15.



Method 1 Method 2
A i B

VDmax
25 VDmax

15

Batch size All Medium-Large All All

Max.level of bioburden (CFU) 1000000 - ≤1000 1.5

Number of pcs. for testing 130 2A – 840
2B - 780

40 40



Minimum dose – dose necessary to 
achieve the required or desired SAL

1. Dosimetry
2. Bioburden
3. Verification dose and sterility testing

Maximum dose – the highest dose
which can be used in the sterilization
process without altering material
properties and quality of the product

1. Dosimetry
2. Evaluation criteria
3. Product testing

Dose range



Radiation stability of 
medical polymers

Source: E_BEAM Services, 
https://ebeamservices.com/wp-content/uploads/2015/05/Relative-Radiation-Stability.pdf



DUR = Dmax/Dmin

DUR<Dmax,acc / Dster

Dose Uniformity Ratio (DUR)

Source: Mediscan



ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

VALIDATION

• Instalation Qualification (IQ)
process of obtaining and documenting evidence that equipment (together with ancillary items+software) has 
been provided and installed in accordance with its specification
. 





ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

VALIDATION

• Operational Qualification (OQ)
To demonstrate that installed equipment operates within predetermined limits when used in accordance with its 
operational procedures

• the calibration of all instrumentation 
• characterization the irradiator – dose mapping





ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

VALIDATION

• Performance Qualification (PQ)
uses product to demonstrate that equipment consistently operates in accordance with predetermined criteria and 
the process yields product that is sterile and meets specified requirements.

• Determination of the product loading pattern and presentation of the product for sterilization (path, container)

• Product dose mapping for specified loading pattern (Dmin, Dmax)



LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)

 The Laboratory for Measurements of Technological Doses (LMTD) was created in 1998 to
ensure reliable technological dose measurements and to enhance quality assurance of the
INCT technological plants.

 LMTD was accredited as a testing laboratory in February 2004 (Polish Centre for
Accreditation, accreditation number: AB 461).

The LMTD quality system is based on the PN-EN
ISO/IEC 17025 standard „General requirements for the
competence of testing and calibration laboratories”.



The LMTD maintains the following accredited dosimetry systems:

 Fricke,

 CTA,

 Alanine,

 Calorimetry.

The scope of the LMTD accreditation includes measurements of absorbed doses of gamma
radiation from 20 Gy to 150 kGy and high energy electrons from 1.5 to 150 kGy.

LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)



UV-VIS spectrophotometer Jasco V-650

FRICKE
20 - 400 Gy

CELLULOSE TRIACETATE  FOIL (CTA)
10  - 80 kGy

Dosimetry systems  in LMTD

LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)



EPR spectrometer MiniScope 
MS 5000 (Magnettech)

Alanpol® RODS 
(non-accredited)

ALANINE PELLETS
50 Gy – 150 kGy

HOLDERS FOR ALANINE IRRADIATIONS

EPR standards:

• Rubin (Al2O3: Cr3+)

• Cr3+ in MgO

Dosimetry systems  in LMTD

LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)



GRAPHITE CALORIMETER
1.5 – 15 kGy

POLYSTYRENE CALORIMETER
3 – 40 kGy

PHANTOM FOR EB IRRADIATION

alanine

Dosimetry systems  in LMTD



Primary Laboratory
NPL

Secondary Laboratory
LMTD

INCT facilities

All results of the dose measurements are traceable to the
National Physical Laboratory (NPL) primary standards.

METHOD FOR ESTABLISHING OF TRACEABILITY TO PRIMARY STANDARDS

LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)



Routine dosimeters used in INCT e-beam irradiation facilities

a) Graphite and polystyrene calorimeters

Dose range: 5 – 40 kGy

b) PVC foil dosimeters

Dose range: 5 – 40 kGy

c) Gammachrome 

Dose range: 0.5 – 3 kGy

d) Amber

Dose range: 2 – 30 kGy

e) Radiochromic film – B3 

Dose range: 10 - 40 kGy

RISOSCAN 

General view of the dose reader CD-07. 
1) Spectrophotometer SP-880,
2) electronics unit based on embedded 

microcomputer

LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES (LMTD)



ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

VALIDATION

• Routine monitoring and control

• Separation of non-irradiated and irradiated products
• Visual indicators
• Disimeters in predetermined routine monitoring position(s).
• EB and X-rays – beam parameters and conveyor speed monitored.
• Gamma – source geometry, irradiation time or/and conveyor speed
should be monitored.







ISO 11137-1:2015
Sterilization of health care products - Radiation - Part 1: Requirements for 
development, validation and routine control of a sterilization process for 
medical devices

VALIDATION

• Maintaining process effectiveness

• Bioburden specification (number and type)
- Frequency depends on bioburden level and method used for the determination of Dster

• Dose audits to demonstrate the continued effectiveness of the established sterilization dose. 
-three months (with a possible reduction in frequency)



Bottles for eye drops

40 000 000 pcs. /year
(80 companies)



Pharmaceutical products

400 kg/year
(3 companies)



Transplants

Advantages:
• High effectiveness
• Small temperature increase
• (possibility of the thermolabile material sterilization)
• Dose homogeneity
• Lack of residues
• Possibility of sterilization in barrier packaging

Dose recommended by the IAEA 25 kGy, in Poland recommended by the Tissue Banks 35 kGy

14 000 pcs. /  year
(4 Tissue Banks)

Irradiation
conditions



Hydrogel wound dressings

When the wound exudates the 
hydrogel absorbs moisture into

its structure.

In case of dry wounds hydrogel
gives the moisture into the 

wound.

• transparent piece of hydrogel in thickness of 
3.5 mm and  about 90% content of water
• it creates and keeps optimal moist wound environment what

accelerates the processes of epithelialization
• it protects wound against external contamination
• it is oxygen permeable
• it absorbs exudate from the wound
• soothes local pain and discomfort

PROPERTIES

Cross-linking + sterilization



Scientific approach: Vitamin E blended UHMWPE gliding components
• EB (RT, 115 oC)
• Gamma (RT)
• 30 kGy
• Artificial aging (ASTM F2003-2)

Results:
• No change in the oxidation index (ISO 5834–4:2005)
• Weight reduction due to wear (ISO 14243–1:2009)
Significant differences were detected for the test group E-beam RT
• nearly three times reduced wear can be linked to an increased temperature during E-beam irradiation.
• no influence of the extended aging period can be observed for this Vitamin E blended material demonstrating its high 
oxidative stability.
• no indication of structural failure was observed on any of the tested specimens, even when the mechanical and chemical
stress applied



Different products including components: 
-low-density polyethylene (LDPE),
-chlorobutyl rubber (CIIR), 
-polyethylene terephthalate (PET)
-polypropylene homopolymer (PPH), 
-polyolefin elastomer (POE), 
-polyvinyl chloride (PVC)

Doses: 15, 35, 50 and 80 kGy

Outcomes: 

- No devices were found to fail the functional performance tests at 
any of the doses 
- Small differences were observed in device discoloration from 
e-beam, X-ray and gamma radiation following processing



Doses: 25-400 kGy EB
Dry

- No change in the physicochemical properties
- Slight color change
- No changes in composition
- Change in the structure above dose of 100 kGy



Products: three different FFRs 

Doses: 12 and 25 kGy (EB)

Outcomes:
- Mechanical properties and wettability of the irradiated PP 
fabrics composed of all studied FFRs did not change 
- a significant change in thermal stability of all FFRs is observed 
- the decrease in filtration efficiency after irradiation of all
respirators results from the elimination of the electric charge 
from the PP fibers in the irradiation process



• More than 40 percent of all single-use medical devices produced 
worldwide are sterilized with ionizing irradiation

• Well developed application -standards and guidances avaiable

• …but there are still challenging products
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