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Sterilization

Saja Hamed, Ph.D- HU

 Sterilization is the complete destruction or 
removal of all forms of microbial life, including:

 Bacteria
 Viruses
 Fungi
 Spores (the most resistant forms)

Choice of method for manufacturing a 
sterile product
 Two strategies are available for manufacturing sterile 

products: 
- terminal sterilization, in which the product is made, 

packed in its final container, then sterilized; 
- or aseptic manufacture where the product is made 

from individual sterile ingredients using aseptic 
techniques.

Saja Hamed, Ph.D- HU





















4/24/2025

10

How air is removed?
 Vacuum-assisted autoclaves are required for the 

removal of air from dressings or from surgical and 
laboratory equipment in order for steam to 
penetrate to all parts of the load. 

 A further benefit of a vacuum pump is that it can be 
used to dry the load at the end of the cycle –
particularly useful in the case of dressings.
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Steam sterilization: 
Autoclaves
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 Steam Sterilization Essentials
https://www.youtube.com/watch?v=_1Wh9a5RAfg
 Preparation and packaging and surgical 

instruments
 https://www.youtube.com/watch?v=LLXPX4oz6es
 Understanding Steam Sterilization
 https://www.youtube.com/watch?v=FUJriqWs2N0
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Dry Heat Sterilization
 This method simply involves heating the item to be 

sterilized in a hot air oven, typically for 2 hours at 
160°C

 Alternative combinations are available, for example 1 
hour at 170°C or 30 minutes at 180°C.

 The temperatures and times required are longer than 
those for steam:

(i) because dry heat kills microorganisms by oxidative 
processes which are less efficient than the hydrolytic 
mechanisms of steam and
(ii) because dry air does not possess latent heat. 
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Dry Heat Sterilization
 Items that can be successfully sterilized by dry heat 

are:
- those that do not contain water, such as metal 

instruments, glassware, oils, fats and waxes

- or any heat-stable nonaqueous product like oily 
injections, ointments or powders. 

- The method is also used for the depyrogenation of 
glassware required for the preparation or packaging 
of injections; 250°C for 30 minutes is common
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Dry Heat Sterilization
 Ovens used for laboratory-scale dry heat sterilization 

are superficially similar to fan-assisted domestic 
kitchen ovens though usually with 2–3 times the 
capacity, 

 but they differ by having:
- temperature recorders, 
- thermocouple inlets
- thermal locking doors with non-interruptible 

operating cycles 
- and the facility to filter the air that is drawn into the 

oven as it cools.
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A laboratory scale hot air sterilizer
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Radiation Sterilization
 Gamma-rays or high-energy electrons are used to 

sterilize heat-sensitive materials and products:
- like medical devices (for example, prostheses, 

intravenous giving sets, syringes and sutures) in the 
case of medical devices, damage to plastics in terms 
of discoloration and brittleness is a potential 
problem.

- surgical instruments, 
- anhydrous medicines (such as ointments) and 

powders
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Radiation Sterilization
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Radiation Sterilization
 The unit for absorbed radiation dose is the gray (Gy) 

which has replaced the older unit of the rad.
 The standard radiation dose recommended for 

sterilization of pharmaceutical products is 25 kGy

Saja Hamed, Ph.D- HU

The mechanism by which radiation kills 
cells is that of ionization causing free radical 
production and damage to the DNA
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Radiation Sterilization
 Radiation sterilization facilities are expensive to 

construct and to operate, so companies 
manufacturing products to be sterilized in this way 
normally send them to one of a small number of 
specialist contractors. 
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Radiation Sterilization
 Gamma radiation is rarely used for water-containing 

products, why?
because the products of radiolysis of water usually 
cause too much damage to the drug 
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Radiation Sterilization
 Ultraviolet light is a nonionizing form of 

electromagnetic radiation that has poorer penetrating 
power. 

 It is commonly used for the disinfection of surfaces in 
aseptic work areas, air (as in microbiological safety 
cabinets and operating theatres for example) and for 
decontamination of water to be used both as an 
ingredient of medicines and for cleaning purposes. 

 UV treatment could not be used to produce 
endotoxin-free water for injection.
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Gaseous Sterilization
 Several microbiocidal gases have been used for 

sterilization including:
- ethylene oxide, 
- formaldehyde, 
- hydrogen peroxide 
- and peracetic acid 

Ethylene oxide (sometimes referred to as EtOx) is by 
far the most common and will be the only one 
considered here
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Gaseous Sterilization
 It is not a favored method because:
- it is less reliable than heat and radiation it needs 

rigorous in-process monitoring to confirm that 
sterilizing conditions have been achieved

- it is also slow 
- and there are several safety issues concerning its use, 

So it is only employed when there is no alternative. 
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Gaseous Sterilization
 Ethylene oxide is suitable for sterilizing materials that are 

both heat and radiation sensitive:
- so it is used primarily for disposable medical devices. 
- It is also infrequently used in hospitals for surgical 

instruments 
- and the sterilization of isolators and chambers, although 

hydrogen peroxide is now preferred. 
 Ethylene oxide diffuses easily into paper, rubber and many 

plastics, but it cannot easily penetrate into crystalline 
materials and its activity is significantly reduced by the 
presence of organic material (blood, pus or feces) so it 
cannot be used to sterilize crystalline raw materials or 
unwashed surgical instruments. Saja Hamed, Ph.D- HU
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Gaseous Sterilization
 Hospital ethylene 

oxide sterilizers are 
similar to conventional 
autoclaves, being steel 
chambers of varying 
capacities from about 
65 liters upwards, 
whilst industrial-scale 
sterilizers are very 
much larger
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Gaseous Sterilization
 Ethylene oxide is a colorless gas that is 

explosive when mixed with air in proportions 
greater than 3.6% by volume, so it is normally 
used as a mixture with carbon dioxide (8.5–
80% of ethylene oxide), nitrogen or 
dichlorodifluoromethane (12% ethylene oxide) 
to minimize the risk. 

 Alternatively it is introduced into an evacuated 
sterilization chamber as the pure gas at 
subatmospheric pressure.
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Gaseous Sterilization
 Ethylene oxide is thought to kill microorganisms by 

alkylating essential proteins and nucleic acids in the 
cell

 this mechanism of action means that the gas is both 
mutagenic and carcinogenic. 

 It also causes acute eye, skin and bronchial irritation 
at concentrations above 200 parts per million (ppm) 
but, crucially, many people are unable to detect it by 
smell until the concentration is about three times 
that value, or more. 

 Health and safety aspects of ethylene oxide 
sterilization are therefore a major consideration.
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Filtration sterilization and aseptic 
manufacture
 Many drugs and pharmaceutical materials are

damaged both by heat and radiation and are not
suitable for gaseous sterilization either

 drugs containing proteins (for example,
monoclonal antibodies, interferons) and other
biological polymers (such as polysaccharide- or
DNA-vaccines the only sterilization option is to
use filtration to physically remove the
contaminating microorganisms and then
manufacture the product aseptically using sterile
ingredients
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Filtration sterilization and aseptic 
manufacture
 filters are available for the removal of:
- bacteria 
- yeasts and mould spores
- viruses 
- and they can even remove pyrogens (endotoxins), 
 An advantage afforded by filtration is that the method 

physically removes both living and dead cells from 
solution and in this respect it differs from heat and 
radiation methods where the dead cells remain in the 
product and possibly contribute to the pyrogen load. 

so filtration is a common means of sterilizing injections and 
eye drops as well as air and other gases.
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Filtration sterilization and aseptic 
manufacture
 Filtration is not a terminal sterilization process,
 Solutions that are filter sterilized still have to be 

dispensed into their containers and the operation 
being undertaken in a class A atmosphere 

 Media fill test for the same factory filling line that 
would be used to fill the product
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Filtration sterilization and aseptic 
manufacture
 Sterilization-grade filters are made of cellulose 

derivatives and polymers like PTFE, polycarbonate 
and polyethersulfone

Saja Hamed, Ph.D- HU

A selection of disposable units that fit onto syringes for sterilizing 
small volumes of liquid 

 Filters are available 
having a wide variety of 
pore sizes, and for 
sterilizing purposes 0.2 
μm or 0.22 μm diameter 
pores are recommended

 but 0.1 μm membranes 
are becoming more 
popular.
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Leptospira bacteria attached to the surface of a 0.2 μm pore size 
filter membrane
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Membrane filters
 good particle removal (sterilizing efficiency) 
 good mechanical strength 
 they are easily sterilized in situ by steam,
 of low fluid retention, 
 low solute absorption,
 no grow-through of microorganisms 
 and no shedding of fibers into the filtrate.
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Filtration sterilization and aseptic 
manufacture
 Filtration is the most convenient method of sterilizing 

air and other gases and it is used to supply air to 
pharmaceutical manufacturing suites (‘clean rooms’) 
and isolators, surgery rooms and microbiological 
safety cabinets

Saja Hamed, Ph.D- HU

http://www.asbestosguru-
oberta.com/hepa.htm

 Depth filters, typically 
made of glass microfibres
separated by aluminium
sheets, are normally used 
for gas filtration 

 High efficiency particulate 
air (HEPA) filters typically 
remove 99.97% of 
airborne particles of 0.3 
μm in diameter, although 
some with higher 
specifications exist.
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Capture mechanism of HEPA filter
 The filter media is made up of densely packed fibers.
 Each fiber traps particles in the airstream passing 

through the filter by the three physical mechanisms. 

http://www.asbestosguru-oberta.com/hepa.htm
Saja Hamed, Ph.D- HU

Capture mechanisms of HEPA filter
 Watch: 3D filtration principles 
https://www.youtube.com/watch?v=AuVbcvPcjAw

 Interception –A particle following an imaginary airflow streamline is 
intercepted by the fiber because the diameter of the particle is more than 
twice the distance from the fiber surface to the streamline that passes 
through the center of the particle.

 Impaction –The trajectory of the particle departs from the imaginary 
airflow streamline due to its inertia, which is a function of the particle’s 
mass and velocity, and the particle impacts the fiber.

 Diffusion –The particle’s trajectory oscillates about the imaginary airflow 
streamline in a random manner known as Brownian motion, which can 
cause the particle to impact the fiber.


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bubble point test
 Filter integrity
 A procedure which 

measures the pressure 
needed to be applied to the 
upstream side of a filter 
causing bulk or open pore 
flow through the largest 
pores of a wetted filter.

 Watch:
Bubble Point Filter Test 
https://www.youtube.com/watc
h?v=RDjSCb4sC2c&t=24s
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Test for sterility
 the item to be tested is placed into liquid culture 

medium and if, after incubation, there are no signs of 
growth (turbidity) the item is deemed to have passed 
the test. 

 Tests for sterility have been internationally 
harmonized

 False positive result many companies, even quite 
large ones, do not conduct their own sterility testing 
but engage specialist contract laboratories to 
undertake it on their behalf.
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