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1. Denaturation of proteins.
2. Oxidation of sulfhydryl enzymes and Ring chlorination of amino acids.
3. Loss of intracellular contents.
4. Decreased uptake of nutrients ; Decreased oxygen uptake; Oxidation of
respiratory components; Decreased adenosine triphosphate production.
5. Breaks in DNA; Depressed DNA synthesis.
6. Alkylating the amino and sulfhydral groups of proteins; Ring
nitrogen atoms of purine bases.
7. Disruption of protein and nucleic acid structure and synthesis.
8. Destructive hydroxyl free radicals that can attack membrane lipids,
DNA, and other essential cell components.
9. Blocking the spore germination process.
10. Disrupts the cell wall permeability; Oxidizes sulfhydryl and sulfur
bonds in proteins, enzymes, and other metabolites.
11. Gross protoplasmic poison, penetrating and disrupting the cell wall;
Precipitating the cell proteins.
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Sterility Assurance Level ( SAL)

Probability of a viable microorganism being present on a
product unit after sterilization. Usually expressed as 10-°

a SAL of 10®means 1/1 million chance that a single
viable microorganism is present on a sterilized item.

A SAL of 10-° generally is accepted as appropriate for
Items intended to contact compromised tissue (i.e., tissue
that has lost the integrity of the natural body barriers).

The sterilizer manufacturer is responsible for ensuring
the sterilizer can achieve the desired SAL.



Thermal Resistance Characteristics
Thermal Resistance of specific microbes:

D- value: The time in minutes, at a specific temperature, to
reduce the surviving microbial population by 1 —log.

Z- value: The temperature change required to result in a 1 —log
reduction in D-value.

F- value: The number of minutes to kill a specified number of
microbes with a specified Z-value at a specified temperature.

F,-value: The number of minutes to kill a specified number of
microbes with a Z-value of 10  ( 50°F) at a temperature of 121.1
( 250°F )
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Fg = 10(T-12L.1)/10

Temperature Fo Equivalency to 121.1  (250° F)

115 (239°F) 0.25 min. |1 minute at 115 provides the same lethality as 0.25
minutes at 121.1

120 (248°F) 0.78 min. |1 minute at 120 provides the same lethality as 0.78
minutes at 121.1

121.1 (250°F) |1 min. 1 minute at 121.1  provides the same lethality as 1
minutes at 121.1

122 (251.6°F) |1.23 min. |1 minute at 122 provides the same lethality as 1.23
minutes at 121.1

125 (257°F) 2.45 min. |1 minute at 125 provides the same lethality as 2.45
minutes at 121.1

An “ ideal ” sterilization ( i.e., saturated steam with no air)

Bioburden = 75 CFU, D-value = 0.5 min./log at 121.1 , Required SAL = 10
Log (75)=1.88

Log Reduction required = 1.88 log + 6 log = 7.88 log

Ideal Cycle at 121.1 (250° F)=(7.88log) ( 0.5 min./log) = 3.94 minutes.



Bioburden (¢ 4= 7)) and Log Reduction
Bioburden =100 CFU ( colony forming unit)

LLog Reduction

To reduce the microbial population from 100 to 1
Log (100) =2

4+ & iEPISAL 10 F)pt Total Log Reduction =
2+6=28

7 &R FEP (Cycle) E 3% i Log 108# »x i3



* Overkill (& & 7% ## ) Approach

For items that are not heat sensitive:

Bioburden: 10° of a highly heat resistant spore forming
bacteria ( Geobacillus stearothermophilus )

D-value at 121  is generally slightly above 2 minutes.
Worst-case value = 2.5 minutes.

Overkill sterilization cycle at 121
= (12 log )*( 2.5 min./log ) = 30 minutes.
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1. & 13 & (Vacuum ): Air removal, steam penetration are highly
effective.

2. & FE = &-(Vacuum): Gowns, long lengths of tubing, and
tanks/vessels/apparatus with small inlet/outlet ports and /or vent filters.
Draw three or more vacuums prior to reaching the desired sterilization
temperature and beginning the sterilization dwell period. A post
sterilization vacuum also is usually drawn to evacuate the steam from
the load items. The length of time to pull and release the vacuums
exceeds the length of the sterilization dwell.

3.7 % /£ # (Non-Vacuum) : Liquid cycles generally just heat up and
cool down and do not utilize vacuums. Another term for a liquid cycle is
“ gravity displacement” as the air is displaced by gravity ( removing the
air by introducing steam into the top of a chamber and displacing the air
which is heavier than steam, by removing the air from the bottom of the
chamber)
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Installation Qualification ( 1Q )

“Mechanical Equipment Specifications (chamber valves traps strainers

filters  regulators vacuum pump  heat exchanger condenser etc.)

. Control and Instrumentation Specifications ( programmable logic controller

operator interface printer/recorder control valves  transducers  pressure
and temperature transmitters  resistance temperature devices  switches
level sensors  interlocks  photocells etc.)

. Site Specifications/Utilities ( power  grounding  surge protector

uninterruptible power supply  breakers water air cleansteam plant
steam drain  shutoff/ isolation valves electrical disconnect switches etc.)
Drawings Verification ( P&ID, mechanical electrical )

Construction Materials/Materials in Product Contact

. Approval Documentation ( e.g., pressure vessel electrical etc.)

Change/ Spare Parts
Bill of Materials
Vendor Specification Sheets

10. Purchase Orders

11. Factory Performance ( Acceptance)Tests
12. Commissioning Report

13. Preventive Maintenance Program
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14,
15.
16.
17,

18.

Standard Operating Procedures ( Operating Maintenance Calibration)
Operating and Maintenance manuals

Piping Installation verification ( slope dead legs)

Weld Inspection/Surface Roughness Documentation/ Metallurgical
Documentation

Control System Documentation ( system configuration/block diagram

flow sheets displace/report layouts required interlock considerations
general process limits conditions for operating over range hard copy
and electronic application code listing timing diagram system security
input/output point listing data monitoring alarms software inventory
and version software configurations parameter listing software
development and testing records change control vendor qualification
modular software development document detailed module functional
specification etc.)
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No. |Cycle stz sienlle Dry- Recommended load
-Temp. | -Time Time
- . 11 min |Instrumentes, packed in cloth or
L |instruments 134=C1 Smin +2x3 min [Container, max. 7-8 kg / StE
: - : : Fabric packs
2 |Fabric packs 134<=C| 5 min 6 min max. 7.5 kg / StE
- . . Rubber, Fabric packs, Implements
3 |Rubber 121<=C| 20 min 6 min Max. 7.5 kg / StE
4 |Warm Up & Leak Test [134<=C| 5min 3 min Empty chamber
5 |Bowie Dick Test 134<=C (3.3 min 3 min Test load
6 |Leak Test - - - Empty chamber
- : 11 min. [Instruments packed in Container
7 |Heavy Instruments 134<=C| 5min + 4x3 min |max. 14 kg / StE (gross)
- . : Fabric packs, Instrumentes, packed in
8 |Porous load 125<C | 20 min 6 min cloth. max. 7.5 kg / StE
9 |Gravity 121=c | 20 min ] Single, nqt vacuum reS|stancg goods
open or single wrapped. No Mixed load!
10 |Special 132=c | 60 min 6 min Fabric packs, Implements, Instruments

long Sterilize time




#,
f':?
o
-

"Autoclaved it 2k

1.
2.
3.
4.
D.
0.

Temperature 2 Pressure

Size of the waste load

Composition of the waste load

Steam penetration of the waste
Packaging of the waste for treatment
Orientation of the waste load within the

autoclave

. Type of container

15



EZEE )

% % B Association for the Advancement of Medical Instrumentation (AAMI)

SR DES TS

Class 1 (Process Indicators): s 2% . F & % = FiE&Z2 ¥
B2 R FE AR F Bl @ FA T F (tape) -

Class 2 (Specific Indicators): ¥ % i® AL TR EZF = 21
»BREZTRFETEF LT F B bl f Bowie-Dick e

Class 3 (Single-parameter Indicators):# % %= FjiE42¥ P+ &
FERAEY -BREAT P EHITESE

Class 4 (Multi-parameter Indicators): ¥ 12 fe ¥ & 4% & f& - 4_
EREFITIEE Bl FREFRE -FRE&frRF o

Class 5 (Integrating Indicators): # & 3] * £45 7 #F a5 & &
FieEd - ol B ~-FF ~fegd & o
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Biological Indicators
(2 = FFEdy 7 &)

Bio-indicator organisms: thermally resistant indicator
Bacillus atrophaeus ATCC 9372 (10%) used to demonstrate a 4 log,,

reduction of viable spores.

Geobacillus stearothermophilus ATCC 7953 (10°) used to demonstrate
a 6 log,, reduction of viable spores.

Wk FREY BRI KIS RR I )NPE 7 B Pl D - fl%’%ﬁfcr’v’ﬂié“
FEH o FRAEFIFR KK I Ly R &#E\ﬁ-ﬁ E;cé%

XA T AR R R EE

GS/6 #g, % 2 #4577 &) (Near the center of the waste load )
Bacillus atrophaeus ~ 30-35°C

Geobacillus stearothermophilus ~ 55-60°C
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PCD ( Process Challenge Device ) : i ffiFfz# ¥ e » T3
Fp B “2RizEe” o

PCDé * %3 BARZEFPEHAF  RRAFPIMEFZ P
B o ?53'%75:]3@_:

1.PCD# @ 14 4 4557 #l o
Z%UPCDév . gli '—"'J"”#F"T’??"ff' &I"gj’ﬂ"r)ﬁ‘l o
33PCD# : § 1% %551 H4;7 H
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© = g24l(Load Control) —»xit & il

c 4 $ T
— ;f% TR ﬁ}z . v ’g"ﬁ‘ ]
(Geobacillus stearothermophllus ATCC 7953)

- E.O.§ 7= 7 7 & % 7 7]
(Bacillus atrophaeus, ATCC 9372)

- § & TR F(HO, Sterilizer)
r!* éﬁ. v}!‘p F]
(Geobacnlus stearothermophilus, ATCC 7953)
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