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Sterilization Methods and Principles e
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o Sterilization: can be defined as any process that effectively kills or eliminates

sterilizationy fransmissible agents (such as fungi, bacteria, viruses and prions) from a surface,
A7) 2 equipment, foods, medications, or biological culture medium. In practice sterility is
Modie® achieved by exposure of the object to be sterilized to chemical or physical agent for

a specified time.

e Decontamination: is the process of cleansing an object or substance to remove
contaminants such as micro-organisms or hazardous materials, including chemicals,
radioactive substances, and infectious diséases.

e Survivor curves: They are plots of the logarithm of the fraction of survivors
(microorganisms which retain viability following a sterilization process) against the

exposure time or dose. 3y9pdls Gie (S Moyl Jidis g & glill Jadiis cleansing H Lgsudiicws decontamination/ dulas
doleadl ol ghf Jaciiia g sterilizationl Jao Jols (e (s sa3S eia Jiliy odzs MO/ Calid (o<h 7\ v e

> Methods of Sterilization are:
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A. Physical Method

1. Thermal (Heat) Sterilization methods
Heat Sterilization: is the most widely used and reliable method of sterilization, involving
destruction of enzymes and other essential cell constituents. In these processes both dry
and moist heat are used for sterilization. The process is more effective in hydrated state.
This method of sterilization can be applied only to the'thermostable products

acdiiy g dalas g dondiicus @yl SI (o8 8yl adls asdal iy thermalJl oo die 4y b J9lg physical ¢ g3 J g/ sterilization J (ns 93 Lis Lusa
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1.1 Moist Heat Sterilization 428 ol MO . (ol (o s Ll 331,

Moist heat sterilization involves the use of steam in the range of 121-134 °C. Steam under
pressure is used to generate high temperature needed for sterilization. Autoclaves use
pressurized steam to destroy microorganisms, and are the most dependable systems
available for the decontamination of laboratory waste and the sterilization of laboratory
glassware, media, and reagents. This method of sterilization works well for many metal
and glass items but is not acceptable for rubber, plastics, and equipment that would be
damaged by high temperatures. Boiling water is the most common form of application of
moist heat but is not capable of killing endospores or killing all viruses

bas oad jlaal Jeadis (oo puddicnnd ¢ steam Hlaall e saiadis i ¢ MOist 8),adl aadal aans g
Q490 plas S| allanlf 13 yaisas g « mOH destroy Jasa ol autoclave! Jus dalls &) algis 9 ols
glassware .media.reagents H asd=ig . UL waste H decontimination Jasa obia 0L

¢ dadladl 8yl adl (po y i (Kas (ol 0l gkl gl, plastic, (blxs)rubberH (sis (s glassH daaioe ddy b (g
Js i3 g/ endospores ! Jid go dlad is Lgast moistH doudiicws 40 ,b &8I boiling waterl e
Slewg yadldl

042 |Page



Chemical

Physical sterilization
sterilization methods

methods

Use of
chemical
agents
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Direct Heat

Indirect Heat
Ex: flaming or Ex: Autoclave

Incineration Ex: Oven
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Armautoctaveis a high-pressure device used to allow the application of moist heat above
the normal-atmosphere boiling point of water Exposure to 121°C for 15+ minutes is
typically sufficient to sterilize

Again, the material must be 121°C before the clock starts

Large items, large volumes, and items that are poorly penetrated by steam may take much
longer than 15 minutes to sterilize

food- ga3 giial ia foodH pudicaig boilingJ! (v J3I Lgd 3yadl dag ddf 8yl 43y ybo yras ol
pasteurization ! heat labile pathogens ! g spoiling organism
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= =005 Pasteurization is the application of moist heat of less-than boiling temperatures to foods
physical method!

<l Jis o 20 1O prevent the growth of food-spoiling organisms as well as various heat-labile pathogens
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Pasteurization is the application of moist heat of less-than boiling temperatures to foods
to prevent the growth of food-spoiling organisms as well as various heat-labile pathogens

1.2Dry Heat Ste.rlllzatlon . Dryl 52 thermalyl s @olil ¢ sall oo G !
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Comparison between moist and dry heat sterilization method

e Moist heat is more effective than dry heat at a given temperature or length of
exposure

e Moist heat is also more penetrating than dry heat

e However, to achieve sterilization employing moist heat requires rather elaborate
equipment, i.e., the employment of an autoclave

e Just as with dry heat, temperature and length of exposure are inversely related

e penetration is absolutely critical with moist heat, penetration is even more of a
problem since penetration of heat without associated penetration of moisture is
simply dry heat and dry heat is less effective as an antimicrobial than moist heat;
consequently, things that block moisture penetration can inhibit sterilizing efficacy.

Moist Dry
8ylya9 I ¢y zliady Le-d & More effective at given .T or Less effective
dryJl puse J3I length (time)
More pentrating Less penetrating
L L timeJ! Jis 3,L,adl Ly ol
ISl dold wlass gliady  &——  Requires elaborate equipment Temp+length {wse 48N T dryJ) gs Ladé (yusally
More effictive as Less effective as
antimicrobal antimicrobal
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2. Radiation Sterilization method

Radiation Sterilization many types of radiation are used for sterilization like
electromagnetic radiation (e.g. gamma rays and UV light), particulate radiation (e.g.
accelerated electrons). The major target for these radiations is microbial DNA. Radiation
sterilization with high energy gamma rays or accelerated electrons has proven to be a
useful method for the industrial sterilization of heat sensitive products. But some
undesirable changes occur in irradiated products, an example is aqueous solution where
radiolysis of water occurs. Radiation sterilization is generally applied to articles in the
dry state; including surgical instruments, sutures, prostheses, unit dose ointments, plastic

syringes and dry pharmaceutical products. =) dry stateJi o3 sl sall wossiois das L aqueous solution]| ¢ s gelaui) pusail
Sysas LgaY dage doladicul ols WYl I gdgulig (192 Y9 dryJl go slisudlicul ¥ aqueousy/

Ultraviolet (UV) light is electromagnetic radiation with a wavelength between 10 and 400
nm; which bridges the gap between the visible light and X-rays. The germicidal effect of
UV light is associated with a specific region of its spectrum known as the UV-C band
which practically spans from 200 to 280 nm, with an optimum germicidal effect at 265 nm.

UVl paidind calis o
ght

s Around this wavelength, UV light can destroy microbial cells by either damaging their
4ola ulge sl penterating

== DNA, mainly through thymine dimer formation, or by directly damaging their proteins. For

jﬁ“}”ﬁfi% decontamination purposes, UV light is usually produced by mercury-vapor lamp which

T e e gives @ maximum emission at near-optimum wavelength of 253.7 nm. Such UV light can
be used for water, air and surface sterilization, but it is practically unsuitable for
sterilization of pharmaceutical products since it has poor penetrating power through many
materials including those commonly used in packaging of pharmaceuticals. On the other
hand, the antimicrobial effect UV light is directly related to its dose which is a function of
both; light intensity and exposure time. <-- 2 @4,k 4% microbal effect]!
In this practical, we are going to investigate the bactericidal effect of UV light as a function

of exposure time in addition to evaluating its penetrating power through different materials.
awuly Sy2ig dels spectrum JI (po daae dalaiay germicidal ,iG0 odass g X rays g visible light J/ (w5 92410 awws Uvy)
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3. Filtration Sterilization method

Filtration Sterilization Filtration process does not destroy but removes the microorganisms. It is

used for both the clarification and sterilization of liquids and gases as it is capable of preventing

the passage of both viable and non-viable particles. Membrane filters are composed of different

types of polymers e.g cellulose, teflon, nylon and others. They have different pore sizes, 0.22um,

0.45um, 0.5um, 1um. Some filters are sterile others are not. Membrane filters have different

diameters (2.5 cm, 3cm, 5cm etc). The main mechanism by which these filters work is sieving,

where particles (microbes) above the pore size are retained on the filter. Membrane filters with

pore size 0.2-0.22 um are used for sterilizing liquid solutions by filtration. The major

mechanisms of filtration are sieving, adsorption and trapping within the matrix of the filter

material. Sterilizing grade filters are used in the treatment of heat sensitive injections and

ophthalmic solutions, biological products and air and other gases for supply to aseptic

areas. They are also used in industry as part of the venting systems on fermenters,

centrifuges, autoclaves and freeze driers. Membrane filters are used for sterility testing.
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Chemical Sterilization is the process of removal of microorganisms by the use of
chemical bactericidal agents. Even if physical methods of sterilization are more
appropriate for effective sterilization, it is not always appropriate to use for heat-sensitive
materials like plastics, fiber optics, and biological specimens.
Under such conditions, chemical either in liquid or gaseous state can be used for
£ 350 sterilization. However, it is crucial to ensure that the materials undergoing sterilization
Lbg,i  are compatible with the chemical being used. Besides, it is important to adopt safety rules

alaaiwfl  in the workplace safety during the use of chemical agents.

Chemical sterilization is typically used for devices that would be sensitive to the high heat
used in steam sterilization, and for devices that may be damaged by irradiation (rubbers
and plastics can become more brittle after irradiation.)

Often chemical sterilizers function by using low temperature, highly reactive gases that
come into direct contact with the test article (often through a semi-porous membrane or
package.) Liquids — for example, bleach — are also used for sterilization.

The chemical method of sterilization can be categorized as liquid and gaseous

sterilization.
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1. Gaseous method

Gaseous Sterilization the chemically reactive gases such as formaldehyde (CH20) and
ethylene oxide (CH2)20 possess biocidal activity. The mechanism of antimicrobial action
of this gas is assumed to be through the alkylation of sulphydryl, amino, hydroxyl, and
carboxyl groups on proteins and imino groups of nucleic acids. Both of these gases being
wiw a3 > glkylating agents are potentially mutagenic and carcinogenic = 4k s
The efficacy of the gas depends on the concentration of gas available for each article
which is greatly assisted by the good penetrating nature of the gas, which diffuses readily
into many packaging materials incbng rubber, plastics, fabric, and paper.



2. Liquid method Gas more effictive than liq

Liquid sterilization is the process of sterilization which involves the submerging of
equipment in the liquid sterilant for a prescribed period of time at a controlled temperature
and concentration to kill all viable microorganisms and their spores. Although liquid
sterilization is not as effective as gaseous sterilization, it is appropriate in conditions where
a low level of contamination is present. Different liquid chemicals used for liquid
sterilization such as hydrogen peroxide.

Hydrogen peroxide is a liquid chemical sterilizing agent which is a strong oxidant and can
destroy a wide range of microorganisms. It is useful in the sterilization of heat or
temperature-sensitive equipment like endoscopes. In medical applications, a higher
concentration (35-90%) is used. H202 has a short sterilization cycle time as these cycles
are as short as 28 minutes where ethylene oxide has cycles that as long as 10-12 hours.
However, hydrogen peroxide has drawbacks like low material compatibility, lower capacity
of penetration, and associated health risks.
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Practical Part

Test 1: Test for red heat sterilization

N =

o o

8.

9.

Divide the nutrient agar plate into four quadrants and label 1 through 4.

Quadrant 1 is your negative control. Do not touch it.

Gently resuspend the bacterial suspension provided to you.

Sterilize the wire loop by Bunsen burner. Then allow it to cool before picking up any
microorganisms.

Use the sterilized wire loop to inoculate a sample.

Streak it on the surface of the second quadrant of petri dish.

Sterilize the wire loop by Bunsen burner. Then allow it to cool before picking up any
microorganisms.

Use the sterilized wire loop to inoculate a sample.

Immerse the loop in ethanol 70% in a 50 ml beaker.

10.Wait to dry, and then Streak it on the surface of the third quadrant of petri dish.
11. Sterilize the wire loop by Bunsen burner. Then allow it to cool before picking up any

microorganisms.

12.Use the sterilized wire loop to inoculate a sample.
13. Sterilize the wire loop by Bunsen burner. Then allow it to cool before picking up any

microorganisms.

14.Streak it on the surface of the fourth quadrant of petri dish.
15.Cover the plates with their lids, and incubate them at 37 °C for 24 hours.

Test 2: Test for Sterilization by Ultraviolet Light

In this practical, we are going to investigate the bactericidal effect of UV light as a function
of exposure time in addition to evaluating its penetrating power through different materials.

1.

prepare a bacterial lawn by dipping a sterile cotton swab in a diluted overnight culture
(of selected bacteria) and then spread the bacterial inoculum across the entire surface
of a nutrient agar plate.

covering part of the plate by a tin foil in one time and a piece of paper in the other.
Place an inoculated plate under the UV lamp, with the lid removed, for each of the
following exposure times: 2 or 5 minutes.

Re-cover the plates with their lids, and incubate them at 37 °C for 24 hours.
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Test 3: Test for moist heat sterilization at temperature above 100°C
(Autoclaving)

1. Under aseptic technique, prepare a bacterial lawn by dipping a sterile cotton swab in
a decontaminated (autoclaved) bacterial suspension provided to you, and then
spread the bacterial swab across the entire surface of a nutrient agar plate.

2. Cover the plate with their lids, and incubate them at 37 °C for 24 hours.

Test 4: Test for moist heat sterilization at atmospheric pressure
(temperature 100°C)

1. Place the two bacterial suspension test tubes provided to you in a water bath at 100
°C.

2. After 5 min, take one test tube, wait to cool and prepare a bacterial lawn by dipping a
sterile cotton swab in a test tube and then spread the bacterial inoculum across the
entire surface of a nutrient agar plate.

3. Cover the plate with their lids, and incubate them at 37 °C for 24 hours.

4. After 15 min, take the second test tube, wait to cool and prepare a bacterial lawn as
we did in the previous step.

5. Cover the plate with their lids, and incubate them at 37 °C for 24 hours.
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