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1. Introduction

On our skin there are numerous of tiny, living creatures called micro-organisms. They
are so small that they can only be seen with a microscope. On the same way as
there are many different groups of animals, there are a big variety of micro-
organisms.

There are many of them living in our guts which help us to digest our food. Others
help us making bread rise and making beer. They break down waste and make it
available to be used as food for other creatures. Others can cause diseases like
diarrhoea, tuberculosis and meningitis.

Group of micro-organisms Shape and visibility

- Fungi, yeasts some big enough to see,
others only with a
microscope

- Protozoa only with a microscope

- Bacteria, spores of only with a microscope
  bacteria

- Viruses only with an electron
microscope
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Many of these micro-organisms are made of only one cell. Cells have a thin outer
skin, called the cell membrane. Inside the cell membrane is a fluid called the
cytoplasma. The cytoplasma is a mixture of proteins, water and very small particles
and organs. The cell is a living organism and needs to eat. It has some structures to
produce energy out of food to survive.

Micro-organisms reproduce themselves by dividing. This means, they just become
two. The daughter cells separate from one another and one cell becomes two
daughter cells, which in turn can live independently. If the conditions are good, with
sufficient food and the right temperature some germs divide themselves within 20
minutes. In one hour there will be 3 divisions (=8 germs). Within 6 hours there will be
6x3 divisions giving birth to about 262,144 new germs. After one day there will be 72
divisions with a total of 4,700,000,000,000,000,000,000 germs. A number beyond
imagination. That is why these organisms are so dangerous: Within a very short time
they multiply to huge amounts. This is how a disease can spread over the whole
body very fast.

Number of germs

0                   3                  6                   9                 12                 15               divisions
                  1                  2                  3                   4                   5                 hours

1                   8                 64               512             4.096           32.786    number of germs
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2. Contamination and Infection

We learnt that there are micro-organisms that cause diseases. They can make us
sick in two ways:

1. They grow and multiply inside the body and they will eat from our meat
(body) and damaging the surrounding tissue.

2. Some release certain chemicals which are like a poison to the body.
This chemicals are called toxines. For example the tetanus bacterium
produce this toxine which causes the disease.

When some kind of these germs have entered our body or fallen on instruments, we
say, they are CONTAMINATED. Any thing on which a germ is staying on is called
CONTAMINATED.

If germs enter the body, they multiply themselves and can cause a disease. We say
then, that body is INFECTED or is having an INFECTION.

CONTAMINATED: Not sterile, germs are on it. It can be the body,
instruments, infusion solutions etc.

INFECTED: Germs enter the body, multiply themselves and make a
disease. Only a living being can have an infection.

Some diseases caused by micro-organisms

Fungi Skin diseases like ringworm, infections of
the mouth.

Protozoa Malaria, sleeping sickness, amoebiasis

Bacteria Tuberculosis, meningitis, whooping cough

Viruses AIDS, hepatitis, rabies, poliomyelitis
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3. Cleaning, Disinfection and Sterilization

When we realize that many diseases are caused by micro-organisms we have the
key to prevent them from causing harm: We wash them away and if possible, we kill
them. We can flush the germs away by CLEANING with water and soap. However,
there are large numbers of them. So it will never be possible to remove them all by
cleaning, but we can reduce the amount. To kill most of the remaining micro-
organisms we use DISINFECTION solutions. To DISINFECT means: To kill MOST of
the harmful germs. Disinfection solutions must not be drunk. They cannot be used as
a medicine. Some disinfection fluids are only suitable for instruments and will harm
the skin. So read carefully the instructions on the label and use the correct strength. If
you disinfect something apply the disinfection fluid and allow to dry. Do not dry with a
rag.

To kill ALL micro-organisms we must kill them by heat. All life can be killed by heat. If
we apply the heat at a high enough temperature for a sufficient period of time ALL life
will be killed. By using heat we can STERILIZE solutions, instruments, dressings and
many other materials. STERILE means free of all life.

Where are the micro-organisms How they can be reduced/killed

- Inside body - the body's own strength
- drugs (antiobiotics)

- On the body - cleaning
- disinfection

- Outside body - cleaning
- disinfection
- sterilization
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4. Disinfection Solutions

Name Used for
____________________________________________________________

Alcohol 70% skin, hands, instruments, wounds

Benzalkonium chlo-
ride (Germicide) 1% skin, instruments

Cetrimide 0.1%-1% skin (1%), wounds (0.1%)

Desogen 0.2% wounds, skin, instruments

Formalin 4% clothes, instruments

Gentian violet 0.5% wounds, mucous membranes (=mouth)

Hydrogen peroxyde 3% wounds

Iodine tincture 5% skin, wounds

Lugol's solution 2-5% wounds, skin
=aqueous iodine

Lysol 2% floors, toilets, tables

Merbromin 2% wounds, skin

Merfen tincture 0.07% skin, wounds, instruments

Potassium perman-
ganat 0.5% wounds, mucous membranes

Silver nitrate 0.5% burnments, wounds

All disinfection solutions containing alcohol (=tincture) will burn like hell if you apply
them to wounds!
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5. Sterilization

STERILIZATION means to kill all life.

The simplest sterilization method is heating. All life can be killed by heat! But what
happens to micro-organisms during the sterilization? First, the heat damages the skin
of the organism, the cell membrane. Then the heat can reach and destroy the inner
organs of the germs (the proteins in the cytoplasma). The proteins stick together like
in a boiled egg and were destroyed and the organism dies.

In the world there are stronger and weaker micro-organisms, even within the same
species. The weaker organisms will die earlier. Strong ones will be able to stand the
heat for a longer time. So not all organisms will be killed at the same time. It is
obvious that at a lower temperature the micro-organisms will be killed less rapidly
than at higher temperatures. Moreover, when there is a large number of micro-
organisms it will take a longer time to kill them all than when there are only a few. If
you can already remove some of them by cleaning before the sterilization process
starts, the chance of survivors after sterilization becomes less.

So, 1. clean your goods to - remove dirt and particles
- reduce the amount of germs

2. pack them to - prevent contamination when
  opening the autoclave

3. sterilize them to - kill the left-over germs
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5.1. Methods of Sterilization

Method Temp
(C)

Time
(min)

Suitable for

Steam
(wet heat) 121 (a)

134 (b)

With
vacuum-pump

15

3

instruments, glassware,
solutions (a), gloves (a), 
dressings, plastics (a),
cotton, rubber (a)

Dry heat 160
170
180

120
60
30

instruments, glassware, 
ceramics, powders, oils, 
ointments

Flaming 1800 2-5 sec.
instruments, ceramics, 
glassware, metal

Boiling? 100 20 Instruments

Taken from the British Pharmacopeia 1980
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5.1.1. Sterilization with High Temperature Steam

When we are in a damp, humid and hot climate we feel un-comfortable. In a climate
where the temperature is the same but the humidity is less, we feel better. We are
less affected by heat than by humidity. Water or steam transfers the heat much better
than dry air. Therefore, steam at a sufficient high temperature kills germs much faster
than when using only dry, hot air. An apparatus in which we can sterilize items with
hot, pressurized steam is called an AUTOCLAVE. The simplest autoclave is a
pressure cooker.

Before sterilizing, an object will have the same temperature as its surrounding. Once
the heat is applied, the whole dry air in the autoclave must slowly be replaced by
steam. Additionally, it will take some time before the desired sterilization temperature
is reached. This time is dependent on what the load is made of. The heating up of
big, filled bottles will take much longer (for 500-1000ml bottles usually 15 minutes
after the temperature in the autoclaves reaches 121'C) than for metal instruments,
ceramics or dressings. Only at the moment when the LOAD reaches the necessary
temperature, the actual sterilization time starts. The sterilization time is also called
'holding time' - the time during which the temperature of the load is held at a level
required for sterilization. After the required holding time has passed, it will take some
time again for the load to cool down.

Some remarks:

If you sterilize bottles remember that they must cool down gradually to prevent them
from bursting. Therefore, reduce the pressure very slowly after sterilization. Do not
shower the bottles with cold water.

If you have the possibility to use a vacuum pump, you can dry the loading inside the
autoclave. Evacuate the air first before starting to heat (to -1 bar on the manometer).
Close the valves to keep the vacuum and start the sterilization process. When the
holding time has passed, evacuate the autoclave again (to -1 bar on the manometer)
and wait for at least 15 minutes.

The vacuum pump must NOT be used when you sterilize filled bottles!
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The basic sterilization process:

Sterilization temperature

Room temperature

Temperature

Time

Heating up time Holding time =
sterilization time

Cooling down time

Full sterilization process

Basic steam sterilization process with pre and post vacuum:



STERILIZATION OF MEDICAL SUPPLIES: Training Course on Autoclaves

FAKT – Consult for Management, Training and Technologies11

5.1.2. Sterilization with Dry, Hot Air

In the same way as steam can kill micro-organisms, so can dry, hot air. But, as we
have seen before, dry hot air is much less effective in transferring heat than hot
steam. For this reason, micro-organisms are much more able to bear dry heat than
steam. Therefore, the sterilization process by dry heat takes much longer (30 minutes
to 2 hours) and consumes much more energy. The total sterilization cycle, including
heating and cooling down takes several hours.

Sterilizers working with dry, hot air are called 'hot-air sterilizers' or 'hot-air ovens'. The
dry heat is usually made in an electrically heated cabinet.

Do not sterilize rubberware, plastics, gloves, dressings etc. in a hot-air sterilizer. They
will become brittle or may even burn. If possible, use the autoclave (see section 5.1.)

Temperature
(°C)

Hot Air: Sterile

Hot Air: Not Sterile

Steam: Sterile

Not Sterile

Hot Air

Steam

Time (hours)
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5.1.3. Flaming

In a medical laboratory several instruments are sterilized by keeping the instruments
for some time in the heat of a blue gas flame. For example the scalpel for taking skin
snips from patients. Only a few seconds in the flame are sufficient. This method can
of course only be used for equipment that can stand the intense heat of the flame,
such as metals, needles, scalpels etc. But watch, after several flaming processes
scalpels and needles get blunt. After sterilizing an instrument in this way, it must be
used immediately (after cooling down), otherwise it will be contaminated soon again.

5.1.4. Boiling

In hospitals many water bath 'sterilizers' are in use. They are also called 'instrument
boilers'. The items are submerged in a bath of boiling water for 20 minutes. However,
the heat of boiling water is not sufficient to kill all spores and bacteria. Therefore, they
cannot be considered as sterilizers. A water bath sterilizer is a disinfectant
equipment. You can improve the killing action of these 'sterilizers' by adding a
disinfection solution in a high concentration (e.g. Desogen). To prevent damages to
metal instruments you must add sodium nitrite tablets.
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5.2. How to Control the Sterilization Process?

1. A permanent control of the sterilization process is important to reveal damaged
devices (e.g. manometer, thermometer). Therefore, the following parameters should
be protocolled regularly:

Temp.
(C)

Pressure
(bar)

Time
(min.)

Write down pressure and
temperature

Method

134
121

2,1
1,2

3
15

each minute
every 5 min.

Autoclave
Autoclave

160
170
180

0
0
0

120
60
30

every 30 min.
every 10 min.
every 5 min.

Hot-air steril.
Hot-air steril.
Hot-air steril.

2. There is a selfadhesive indicator available. If this indicator reaches the correct
temperature it is designed for, it will change the colour. The indicator usually gives no
information on the duration of the sterilization process. Place the indicator always in
such a manner, that you must tear it apart when you want to open the package, box
etc.

3. For controlling of the sterility of infusion solutions use the following method:

Prepare a clear soup out of Maggi cubes and sugar. Add a small amount of
mud/dirt/ground and shake well. The soup is now full of micro-organisms. Filter the
soup into two bottles of the same size you use for your infusion solutions (use also
the same amount of soup) and close them. The solution must now be clear.
Sterilize one of these bottles in the autoclave with your other iv-solutions. Do not
sterilize the other bottle. After sterilization bring both bottles in a warm
room/incubator and incubate for about 3-7 days (depends on the temperature).
The micro-organisms in the not sterilized control-bottle will now multiply
themselves and the soup gets cloudy after some time. The sterilized soup should
stay free of clouds. If not, the infusion solutions are not sterile!
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6. Autoclaves (Steam Pressure Sterilizers)

6.1 General Components and Working Principle

Autoclaves fall into two general categories:

- Single-Chamber Autoclave
- Double-Chamber Autoclave

The following explanations cover the double-chamber autoclave!
Basically it consists of the following elements:

Double-chamber autoclaves have two chambers:

- Steam generating chamber
- Sterilizing chamber

The goods to be sterilized are placed in the sterilising chamber, while water is filled
into the steam generating chamber. A heat source supplies heat to change the state
of water. Heat sources can be based on kerosene, gas or electrical operation and
can be controlled manually or automatically.

Steam generating and sterilising chambers are permanently connected. The steam,
created in the steam generating chamber enters the sterilising chamber from top. At
first the steam drives out the cold air through the de-aeration valve, connected at the
bottom of the sterilising chamber. After closing the de-aeration valve, the pressure
and temperature in the steam generating and sterilising chamber are increasing.

Pressure regulating
valve

(safety valve)

Aeration valve

Pressure
gauge

Vacuum valve

(optional)

Thermometer

De-aeration
valve

Steam
generating
chamber

Sterilising
chamber

Water level
glass
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Pressure gauges and thermometer fitted to the sterilising chamber indicate the
pressure/temperature. Pressure regulating valves (safety valves) protect the
equipment against excessive pressure.

Physical Basis:

In an autoclave water boils in a closed container. The leaving molecules (vapour)
create a pressure on the walls of the container. The pressure above the liquid now
is the vapour-pressure + the athmospheric-pressure, which increases the boiling
temperature of the water. The amount of molecules leaving the liquid and
becoming molecules of vapour (vapour-pressure creation) depends on the
temperature and the pressure above the liquid. The graph shows the relation
between pressure and temperature.

Optionally fitted vacuum pumps help to drive out the cold air in the starting-up phase
and accelerate the drying of goods at the end of the sterilization process.
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6.2 Sequency of Sterilization

Sterilization with high temperature and pressurized steam has to follow the
procedures, given in chapter 5.1.1 (page 9).

The sequency of heat sterilization is as follows:
(details on equipment are related to a vertical type double-chamber autoclave)

1. EVACUATION (Prevacuum, if applicable [vacuum-pump available])
After the goods are placed in the sterilising chamber, the
cold air has to be removed.

* required measure/equipment: - de-aeration valve open, or
- vacuum valve open and
- vacuum pump on
   (water jet pump, liquid ring pump)

2. STEAM ADMISSION
Steam is admitted until the required pressure/temperature
is reached.

* required measure/equipment: - destilled (clean) water
   in the steam generating chamber
- water level gauge
- heat source on (max. power)
   (kerosene stove, gas heater,
   electrical heating element)
- pressure gauge/thermometer

3. STERILIZATION
The steam pressure is kept constant over the sterilization
period. The sterilising time will depend on the steam
temperature.

* required measure/equipment: - heat source on (reduced power)
   (controlled by: manually operated
   kerosene/gas regulating valve, control switch
   or automatic temperature control device)
- pressure regulating valve active
   (weight loaded valve, spring loaded valve
   or automatic de-aeration device)
- pressure gauge/thermometer
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4. STEAM RELEASE
The pressure is released until the gauges in the sterilising
chamber indicate zero pressure.

* required measure/equipment: - de-aeration valve open
- pressure gauge/thermometer

5. DRYING
The goods are now dried by either:

- opening the autoclave lid and leaving the goods in the
chamber.

* required measure/equipment: - drainage valve open, to drain residual
   water
- clean piece of wood (25mm thick)
   to keep the lid open

or (if vacuum-pump available):

- evacuation of moist air by vacuum and circulating air
through the sterilising chamber.

* required measure/equipment: - filter in aeration valve
- aeration valve
- vacuum valve
- vacuum pump
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6.3 Details of an Autoclave (cross-sectional view)

Standard Model

The schematic diagram shows a WEBECO vertival double chamber steam sterilizer,
Model B/C/H.

Details of an Autoclave (cross-sectional view) continued
(Options: Steam Exhaust and Vacuum-Pumps)

Model with Water Jet Pump
By customer

Water supply

Waste water line
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Model with Liquid-Ring Vacuum Pump

Model with Exhaust-Steam Condensing Device

Model with Temperature Control Device and Contact Thermometer

By customer

Water supply

Waste water line

By customer

Exhaust steam
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Nomenclature of Schematic Diagrams

Standard Model Model with Water Jet Pump
(optional)

1 outer jacket
2 steam generating chamber 27 suction pipe

(boiler) 28 non-return valve (air)
3 lid hinge 29 vacuum valve
4 lid 30 water jet pump (compl. unit)
5 mano-vacuummeter 31 water supply valve
6 aeration valve 32 non-return valve (water)
7 locking clamps 33 dirt trap (strainer)
8 lid gasket
9 drainage pipe
10 water level glass Model with Liquid-Ring Vacuum
11 drainage valve Pump (optional)
12 sterilizing chamber

(inner jacket) 28 non-return valve (air)
13 steam circulating holes 50 liquid-ring vacuum pump
14 connection pipe    (complete unit)
15 perforated inner bottom
16 de-aeration pipe
17 thermometer Model with Exhaust-Steam
18 de-aeration valve Condensing Device (optional)
19 pressure regulating valve

(safety valve) 31 water supply valve
20 exhaust steam pipe 32 non-return valve (water)
21 heating elements (optional) 33 dirt trap (strainer)
22 overheat protection (optional) 34 water supply pipe
23 lid adjustment bolt 35 exhaust-steam condensing
24 control switch (optional)    device (complete unit)
25 push button (optional)
26 pilot lamp (optional)

Model with Temperature Control
40.1 excess pressure valve Device and Contact Thermometer

(safety valve) new models (optional)
40.2 excess pressure valve

(safety valve) old models 36 timer
41 plastic inspection glass 37 contact thermometer

with water level mark 38 automatic de-aerator
42 filter 39 flow nozzle
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7. Maintenance and Troubleshooting
of a Double-Chamber Vertical Autoclave

The MAINTENANCE of an autoclave should follow a methodical pattern. In order to
prevent breakdowns and accidents the system of PREVENTIVE MAINTENANCE
should be applied.

REPAIRS must also follow a pattern, in which every step in the operation of the
equipment must be examined.

Standard tools needed to perform maintenance and repairs, are as follows:
* Set of Combination Spanners (flat-ring), 6 - 32mm
* Pipe Spanner, 22mm
* Adjustable Spanner, 12" length
* Pipe Wrench, 1"
* Set of Screwdrivers
* Hammer, 600g
* Wire Brush
* Small Hand Mirror, for detecting steam escape
* Air Compressor, for pressure test

Consumeables and spare parts:
* High-Quality Pipe Thread Sealant, to withstand high heat and

pressure, e.g. Teflon sealing tape
* Detergents and Cleaning Fluids
* Set of Copper Washers
* Silicone-Spray
* Manufacturers Spare Parts, as required

For electrically heated models:
* Multi-Meter
* Insulation Tester (Megger)
* Silicone Cable
* Cable Shoes and Crimping Pliers

For gas and kerosene heated models:
* Nozzle Cleaner
* Nozzle Spanner
* Joint Sets for valves tank and hand pump
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Regular MAINTENANCE SCHEDULE (Standard Model):

Working on an autoclave requires utmost caution and care!

High temperature and high pressure can cause hazardous situations

After Every Operation: - Clean sterilising chamber, lid gasket and head ring
with cotton cloth and paraffin oil

- If an infusion bottle got burst during the sterilization
cycle:

Drain water and rinse steam generating chamber 
thoroughly

- Refill the autoclave up to the water level mark

Weekly: - Clean sterilizing chamber with a synthetic soap solution
- Drain destilled (clean) water and rinse steam generating

chamber

Every Three Months: - Check for leakages on valves, fittings and lid and rectify
- Clean pressure regulating valve (safety valve) and check

for proper operation; the weight has to be able to move
freely

- Check the lid gasket for usability. A "finger-nail test"
should indicate a soft gasket

- Lubricate lid gasket with silicone spray
- Re-adjust lid adjustment bolt: a gap of 3mm between lid

and gasket should be maintained opposite the lid hinge
in front of the autoclave

- Lubricate spindles of lid locking clamps
- Check water level glass rubber rings and replace if

necessary.
- Tighten all screws and hand wheels
- Test safety valve for proper operation: It is factory set to

open at 2,11 bar.
- Pressure Test (applicable after major repairs): Plug the

steam exhaust. Fill the autoclave with water up to the
level of the pressure regulating valve. Mount an
appropriate T-fitting under the pressure gauge and
connect it to an air compressor. Apply compressed air
and measure the release pressure of the safety valve.
Maintain the pressure over approx. 4 hours and check
for leakages.
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Regular MAINTENANCE SCHEDULE (Options):

Electrical Heating:

Every Three Months: - Remove the cover from the switch box
- Check the wall plug for proper hookup,

check the cord for continuity of all cores,
replace the cord if it is in a deteriorated
condition

- Disconnect one wire from each of the heater
elements, use the OHMS low range of your
multi meter to check for continuity of the
elements one at a time. Each element should
be close to 33 Ohms.
Use the megger to check the insulation
resistance of each element. If the
insulation is faulty (insulation resistance
< 2 MOhms), replace the element.

- Check for continuity of each of the other
electrical components in the autoclave and
examine for proper functioning.

- Check for seriously corroded wires or wires
with broken insulation. These must be
replaced.

- If enough water is lost during a cycle, the
steam generating chamber will go dry, steam
pressure will consequently drop, and there
will be no autoclaving. If this happens,
the chamber will become too hot and the
overheat protection (relay), will operate.
The relay has to be reset with an internal
reset button.
If the relay fails to function, the
elements will continue to overheat the
chamber, resulting in element burnout or
melting a hole in the chamber body. If the
chamber body is damaged, nothing can be
done to save the equipment.
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Kerosene Heating:

Weekly: - Lubricate the hand pump of the compression
sprayer with silicone spray through the
openings on the top of the pump

Every Three Months: - Clean the kerosen filter in the handle of
the main valve

- Unscrew the nozzle and clean it carefully
from carbon

- Check the diaphragm of the regulating valve
- Clean the outer surface of the steam

generating chamber from carbon

Gas Heating:


