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1.1
PIC/S GMP Guide Annex 1Draft, 2019

Sterilization by heat 8.47-8.51 (5)
Moist heat sterilization 8.52 – 8.62 (11)
Dry heat sterilization 8.63 – 8.67 (5)

Sterilization by radiation 8.68–8.70 (3)

Sterilization with ethylene oxide 8.71–8.76 (6)

Filter sterilization of products which cannot be sterilized 
in their final container 8.77- 8.91(15)
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1.1
USP <1229 >STERILIZATION OF COMPENDIAL ARTICLES

1229.1 Steam Sterilization by Direct Contact 
1229.2 Moist Heat Sterilization of Aqueous Liquids 
1229.3 Monitoring of Bioburden

1229.4 Sterilizing Filtration of Liquids
1229.5 Biological Indicators for Sterilization

1229.6 Liquid Phase Sterilization (Formalin, H2O2 …)
1229.7 Gaseous Sterilization (EO, ClO2…)
1229.8 Dry Heat Sterilization
1229.9 Physicochemical Integrators and Indicators for Sterilization

1229.10 Radiation Sterilization 
1229.11 Vapor Phase Sterilization (H2O2 , Peracetic Acid. )
1229.12 New Sterilization Method 5
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1.1
Sterilization vs. Decontamination 

Isolator VHP BI 106

Agency is being asked, why Vapour Hydrogen Peroxide (VHP) 
cannot be used for “sterilisation” of these direct and indirect product 
contact parts. After all, pharmacopeias refer to VHP as a sterilising
agent. However, our concern is that although under ideal conditions, 
VHP can achieve a reduction of biological Indicator spores of up to 6 
logs, the process itself is incredibly fragile.
VHP failure due to very minor occlusion, even to the degree that 
fatty acids from a fingerprint may “protect” contaminating organisms 
from the VHP demonstrate the true fragility of the process as a 
sterilant.

Ref. Andrew Hopkins, VHP (Vapour Hydrogen Peroxide) Fragility    MHRA Blog, Apr.2018
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1.1
USP <1229>STERILIZATION OF COMPENDIAL ARTICLES

7

Probability of Non-Sterile Unit 10-6
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1.1
EMA

EMA Guideline on the sterilisation of the medicinal product, active 
substance, excipient and primary container, Mar. 2019 

Steam sterilisation performed with finished product temperature 
below 115 C during the holding phase is an exceptional case and 
should be scientifically justified and supported by additional data 
as described in Table 1. 

If temperatures below 110 C are included (during heat-up and 
cool-down) in the determination of F0, this should be justified.
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1.1
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1.1

(G+ )
D(60) values of Staphylococcus aureus ranged from 4.8 to 6.5 min
Reported D- and z-values for Staphylococcus spp. in acid and pasteurized 
foods at 82.2 C are 0.4 s and 7 C, respectively
Staphylococcus epidermis at 0.87 water activity, a D-value at 70C  of 
500 s was recorded
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PIC/S GMP Guide Annex 1 Draft, 2019
Section 8 Introduction

Moist heat sterilization utilises steam or superheated water, 

Moist heat sterilization of hard goods or porous loads is primarily 
affected by latent heat of condensation of clean steam and the 
quality of steam is therefore important to provide consistent 
results.
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PIC/S GMP Guide Annex 1 Draft, 2019
For aqueous liquid-filled containers, energy from moist heat is 
transferred through conduction and/or convection to the contents 
of the container without direct contact  with the autoclave steam. 
In these cases, time and temperature are the key parameters and 
steam quality does not have the same impact to the process. 

Superheated systems are typically used for the terminal 
sterilization of product in flexible containers where the pressure 
differential associated with the steam would cause damage to the 
primary container. 

14

108TPDA04034-A

本資料非經許可不得翻印 
A-7



1.2
- /

Ref. Technical Report No.1: Validation of Moist Heat Sterilization Processes: Cycle Design, 
Development. Qualification and Ongoing Control; PDA 2007
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1.2 - (Processes Types)

3.1 (Saturated Steam Process)
3.1.1 (Pre-vacuum Process)
3.1.2 (Gravity Displacement Process)

3.2 (Air Overpressure Processes)
3.2.1 / (SAM) (Steam-Air Mixture

Process)
3.2.1 (Superheated Water Process)
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1.2 - (Processes Types) 108TPDA04034-A

1.2 - (Processes Types)
/ (SAM)
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1.2 - (Processes Types) 108TPDA04034-A

(Plant Steam)

(Process Steam)
(

amines hydrazines)

(Pure Steam)
(WFI)

/
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1. PIC/S GMP

2. EN 285
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2.1 - PIC/S GMP Guide 
Annex 1 Draft, Dec 2017

Steam used as a direct sterilising agent
7.17 Purified water, with a low level of endotoxin, should be used as 

the minimum quality feed water for the pure steam generator.

7.18 Steam used for sterilization processes should be of suitable 
quality and should not contain additives at a level which could 
cause contamination of product or equipment. 
The quality of steam used for sterilization of porous loads and for 
Steam-In-Place (SIP) should be assessed periodically against 
validated parameters. These parameters should include 
consideration of the following examples: non-condensable gases, 
dryness value (dryness fraction), superheat and steam condensate 
quality.
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2.2 - EN 285, 2015

13.3 Steam supply to the sterilizer chamber
13.3.1 Non-condensable gases

The sterilizer shall be designed to operate with saturated steam 
containing up to 3,5 ml noncondensable gases collected from 100 
ml condensate when tested as described in 21.1.

NOTE
This method does not necessarily express the true content of NCG 
in steam. The limiting value was defined experimentally in the 
1960s in relation to the sensitivity of air detectors commonly used 
in the UK at that time. Repeated measurements give an idea of the 
true picture of NCGs in the steam supply.
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2.2 - EN 285

13.3 Steam supply to the sterilizer chamber
13.3.2 Dryness value

The sterilizer shall be designed to operate with saturated steam 
with a dryness value not less than 0.95, where the dryness value 
denotes the mass of the gas fraction in the mass of saturated 
steam, when tested as described in 21.2.

13.3.3 Dryness value The sterilizer shall be designed to operate with saturated 
steam with a dryness value down to 0,95 for metal loads and 0,90 for other 
types of load when tested as described in 22.2. (EN 285 2006)

13.3.3 Superheat
When the supplied steam is expanded to atmospheric pressure the 
superheat shall not exceed 25 K when tested in accordance with 
21.3.
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2.2 - EN 285

13.3 Steam supply to the sterilizer chamber

13.3.4 Contaminants
The sterilizer shall be designed to operate with steam that does not 
contain contaminants in quantities that can impair the sterilization 
process or harm or contaminate the sterilizer or sterilized load.

NOTE 1 Suggested maximum values of some contaminants are 
given in Table 4.

NOTE 2 A method for obtaining a condensate sample is given in 
21.4.
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2.2 - EN 285

13.3 Steam supply to the sterilizer chamber

13.3.5 Pressure fluctuation
If steam is supplied from an external source, the sterilizer shall be 
designed to operate with a pressure fluctuation not exceeding 10 % 
of the pressure measured at the inlet to the final pressure reduction 
valve.
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2.2 - EN 285

13.3 Steam supply to the sterilizer chamber

13.3.6 Feed water
If a dedicated steam generator is used (see 5.2.1), the sterilizer shall 
be designed to operate with steam produced from water free from 
contaminants in a concentration that can impair the sterilization 
process or harm or contaminate the sterilizer or sterilized load. If the 
quality of feed water can affect the quality of steam supplied to the 
sterilizer chamber (see Annex B) it shall be specified [see 25.2 m)].

NOTE Non-condensable gases dissolved in the feed water can cause 
an increase in non-condensable gases in the steam, see 13.3.1.
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3.
3.1

Ref. Technical Report No.1: Validation of Moist Heat Sterilization Processes: 
Cycle Design, Development. Qualification and Ongoing Control; PDA 2007
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(Moist Heat)
(Saturated Steam)

/ (Steam-Air Mixture) (SAM)
(Superheated Water) 100oC

(Temperature)
( ) Temperature Distribution

(Heat)
( ) Heat Penetration
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25oC 1.0 1oC
4.1

/

100 oC 2,675 J/g
(419 J/g) (2,256 J/g) 100 oC

/

2,256
100oC
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(Conduction) (agitation)

( )

(Convention)

(Radiation)
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Condensation to water will cause a volume decrease 
in excess of 99% for saturated steam cycles.
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(Non-condensable Gases)
(

) NMT3.5%V/V - EN285
(Dryness Fraction and Dryness 

Value) NLT 0.95–EN285
( )

(Superheat) LT 25K–EN285
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