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Hospital Sterilization

In order to ensure patient and workers safety the 
sterilization of medical devices must be realized in 
strict conditions concerning:

– Limitation of initial microbial load
– Environmental monitoring and control  -
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– Environmental monitoring and control  -
cleanrooms

– Equipment maintenance 
– Final product control



Definition

Cleanroom is a room in which the concentration of
airborne particles is controlled and that is
constructed and used in a manner to minimize the
introduction, generation and retention of particles
inside the room and in which other relevant
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inside the room and in which other relevant
parameters such as temperature, pressure,
humidity are controlled as necessary.

(ISO 14644 – 4: Cleanrooms and associated controlled 
environments – Design, construction and start-up)



Clean Zone

• Rooms should be maintained under positive 
pressure and have at least 15 - 20 air changes 
per hour.

• HVAC filters F7, F9 or HEPA verified annually
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• HVAC filters F7, F9 or HEPA verified annually

• Supply air diffusers/grills – regularly cleaned

• Temperature 18 ºC - 25ºC

• Relative Humidity (RH)  >30% (ideally 40-75%)



Cleanrooms and associated environments 
International Standard ISO 14644-part1

The goal was the standardization of:
- Equipment
- Facilities 
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- Facilities 
- Operational methods

Including procedure limits, operational limits and 
testing procedures to achieve the desired  
“cleanliness” to minimize contamination.



Why to control air/surface contamination?

• Verify the effectiveness of the ventilation system

• Validate operational procedures 

• Validation of circuits - people, materials 
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• Validate operators behaviour

• Verify maintenance procedures



Environmental Control

• Air 

–Particulate

–microbiological

• Surfaces
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• Surfaces

–total microorganisms

Realized by skilled professionals (health and safety, 
occupational health or environmental health technicians) 
using validated methods



Environmental Control

In order to reduce:

– Initial MD contamination 
– Contamination of the sterilized MD 

Air contamination sources

87th World Sterilization Congress
12th National Symposium of Sterilization

Air contamination sources
– Air – heating ventilation and air conditioning systems 

(HVAC)
– Contaminated medical devices
– Washing with emission of particles
– Human occupancy and activity (protective clothes)



Sampling plan
• Sampling plan – defined in written procedures 

(How, Where, How many samples )

• Frequency (When?)
– Adjusted according to the obtained results
– After long-term arrest of the installations; maintenance 

operations
– After changes on disinfection procedures
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– After changes on disinfection procedures

• Relevant factors such as:
– Occupant number
– Protective equipment
– Ventilation – air contamination sources
– Non-protected surfaces
– Type of surfaces

• Sampling documentation – identification of the sample



Sampling plan

Sampling should be done during operation 
regular/intense 

Data obtained at rest may be important to obtain 
information about room conception (pressure, 
quality of admitted air, etc)
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quality of admitted air, etc)
1. Initial sampling plan to be a reference -

background
2. Routine sampling plan 



When?

• At rest – before activity
– background contamination

• During operation 
– human presence
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– operations



Zone Classification

Risk zone – defined and delimited space where individuals, 
products or materials are particularly vulnerable to 
biocontamination
According with the risk level there are 4 risk zones:

– Zone 1 – non-classified zone
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– Zone 2 – moderate risk
– Zone 3 – hight risk
– Zone 4 - Very hight risk

The clean zone of the sterilization service is a zone 3 of 
hight infectious risk



Air Biocontamination

• At least once or twice a year if the results are stable and 
according with standards

• In washing, packing, sterilizing and storage zones –
defined according with the area, activity and occupancy

• At rest and during activity (human occupancy)
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• At rest and during activity (human occupancy)

• The results of micriobiological counting should be 
smaller than 200 UFC/m3 (EU GGMP)

• All the results out of control should originate a  cause 
analysis and the adoption of corrective measures. 



Data interpretation and expression

Recommended limits for microbial contamination according
with European Union Guide to Good Manufacturing
Practice - EU GGMP

Grade
Air sample 

CFU/m3
Settle Plates 90mm 

cfu/4 hours
Contact 
plates

A <1 <1 <1
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Blow/fill/seal equipment used for the production of products 
for terminal sterilization should be installed in at least a 
grade D environment.

A <1 <1 <1
B 10 5 5

C 100 50 25

D 200 100 50



Microbiological Sampling

The sampler should:

– Be able to collect 1m3 of air
– Have remote control or allow delayed start
– Have autoclavable spare parts

157th World Sterilization Congress
12th National Symposium of Sterilization

– Have autoclavable spare parts
– Be calibrated by a certified entity



Evaluation of biocontamination (ISO 14698-2)

1.Initial monitoring phase 
Validation of the method
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Evaluation of biocontamination (ISO 14698-2)

2. Routine monitoring phase 
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Sample analysis

• Culture media – non-selective with antibiotics
– Trypticase Soy Agar and Malt extract agar

• Incubation temperature
– 25°C to 30 °C environmental micro-organisms
– 37°C pathogenic micro-organisms

187th World Sterilization Congress
12th National Symposium of Sterilization

– 37°C pathogenic micro-organisms
• Incubation time – general conditions

– 2 to 5 days - bacteria
– 5 to 7 days - fungi

• Sample blanks



ISO 14698 – 2:2003

• Target level – defined microbiological level set 
by the user , for its own propose

• Alert level – microbiological level set by the 
user in the context of controlled environments, 
giving early warning of a potential drift from 
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giving early warning of a potential drift from 
normal conditions

• Action level – microbiological level set by the 
user in the context of controlled environments, 
which when exceeded, requires immediate 
intervention, including investigation of cause and 
corrective action



Risk Management

It is commonly understood that risk is defined as
the combination of the probability of occurrence of
harm and the severity of that harm

–identification of hazards associated to the 
procedure
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procedure
–analysis and evaluation of risks associated 

with exposure to those hazards
–Identification of prevention measures



Risk Management
• Identify the hazards associated with the process or 

product 
• Study the probability of occurrence of the hazard
• Identify the protective measures used to prevent  and 

control the hazards
• Define risk zones and in each zone the locations, 

processes that can be monitored in order to eliminate the 
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processes that can be monitored in order to eliminate the 
hazard or reduce its probability 

• Establish limits to ensure monitoring
• Define corrective actions when the results are out of 

control
• Adopt additional procedures to control the entire process
• Formation 
• Maintenance of documentation 



Air Particulate Control

• At least once a year if the results are constant 
and according with standards

• Several of zones
• At rest and during activity
• The results of particle counting should be in 
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• The results of particle counting should be in 
accordance with the requirements of the ISO 
14644-1

• All the results out of control should originate a  
cause analysis and the adoption of corrective 
measures. 



Particle air cleanliness

The required air cleanliness depends on the nature of the 
procedures realized and for sterilization services must have 
at least class 8 ISO Standard 14644-1 at-rest in all 
locations tested.

At rest – after a short “clean up” period of 15-20 minutes 
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At rest – after a short “clean up” period of 15-20 minutes 
after completion of operations

Particle size
� 0,5� m

(particles/m3)
� 1� m

(particles/m3)
� 5� m

(particles/m3)

Maximum acceptable 
concentrations for class 8 ISO 
standard 14644-1

3 520 000 832 000 29 000



Airborne particulate cleanliness classes

The ISO 14644 –1(1999) does not provide 
classification of particle populations outside de 
specified size range 0,1 µm  to 5 µm 
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Calculation of the maximum permitted concentration 
of particles for a determined class of cleanroom
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Cn is the maximum permitted concentration (in particles/m3

of air) or airborne particles that are equal or larger than the 
considered particle size
N is the ISO classification number, which shall not exceed 
the value of 9
D is the considered particle size in � m
0,1 is a constant with the dimension of � m
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Characteristics of the particle counters

• Discrete-particle counters (DPC), light-scatering
instruments are used to determine the concentrations
of airborne particles equal and larger than the specified
sizes.

• The instruments shall have valid calibration certificate.
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• The instruments shall have valid calibration certificate.

• ISO Classe 8 requires measurement of 3 particle sizes:
0,5 � m, 1 � m and 5 � m



How many sampling locations?

ANL =
NL – is the minimum number of sampling locations  (rounded 
to a whole number)
A – is the area  of the clean zone in square metres
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A – is the area  of the clean zone in square metres

Locations are those considered critical based on risk 
analysis
Sampling at the height of the work activity

(Annex B – ISO 14644-1:1999)



Area (m2) smaller
or equal to

Minimum
number of
places (NL)

2 1

4 2

Divide the room in NL
zones with the same 
area (area units) and 

Sample locations according to the 
Draft da ISO/DIS 14644-1
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6 3

8 4

10 5

(…) (…)

436 25

500 26

area (area units) and 
sample randomly in 
each zone



Minimum Sample Volume

1000
20

,

´=
mn

S C
V

Vs is the minimum simgle sample volume per location 
expressed in litres

Cn,m is the class limit (number of particles per cubic metre) 
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Cn,m is the class limit (number of particles per cubic metre) 
for the largestconsidered particle size specified for the 
relevant class

20 is the defined number of particles that could be counted 
if the particle concentration were at the class limit

Minumum volume – 2 litres and minimum sampling time 1 
minute
(Annex B – ISO 14644-1:1999)



Surface control

• Validate cleaning and disinfection programs

• Control the efficiency of cleaning operations

• Test operators behaviour
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• Evaluate the biocontamination of a specific 
activity



Critical zones defined according with the area, activity
and occupancy:

– cleaning zone  
– packaging  zone
– sterilization zone

Surface control
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– sterilization zone
– storage zone

Several points controlled by zone 

– always the same points in order to compare 
results

Frequency - At least once a month.



Recomended Limits

Grade
Contact plates 
(diam 55 mm)
(CFU/plate)

Blow/fill/seal equipment used for aseptic production, may be 
installed in at least a grade C environment (EU GGMP)

For an Action Level of 25 CFU/plate is 
appropriate to consider 10 CFU/plate
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(CFU/plate)

A <1

B 5

C 25

D 50

The limits should be adapted to 
the reality of the sterilization 
service in evaluation.

as the Alert Level.



Surface Control – sample collection

1. Homogenous pressure devices (500g – 25g/cm2)
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2. Contact plates



Surface Control

• General isolation media such as TSA, PCA, NA

• The surface must be dry

• Incubation  upright – at least 5 days 
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In the case of results higher than the action level 
the cleaning /disinfection procedures should be 
revised, operators must be alerted and the sample 
collection repeated



Good practices

Written procedures with the following information:

–Environmental control

–Regularity

–Target levels, Action levels,  Alert levels

–Corrective actions in the case of non compliance

367th World Sterilization Congress
12th National Symposium of Sterilization

–Corrective actions in the case of non compliance

–Data registration and final validation

Retrospective study of the results in order to adequate the 
frequency of controls to the reality of the service under 
evaluation. 



Results Validation

Procedure for validation of results including:
– Written procedure for acceptance of results by 

the appropriate trained person
– Procedure to check data
– System for reporting and present results
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– System for reporting and present results
– Procedure for report release



Environmental Control
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