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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Part 2:

mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting,.‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 209, Cleanrooms and associated contrq
ts.

consists of the following parts, under the general title Cleanrooms and associated contrq
ts — Biocontamination control.

General principles and methods

Evaluation and interpretation of biocontamination data
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Introduction

The principles described here are intended to promote appropriate hygienic practices. This part of ISO 14698 is
one of a number of standards considering factors important for the creation of clean, controlled environments.

Hygiene has become increasingly important in many areas of modern society. In such areas, hygiene or
biodontamination control methods are, or will be, USed 10 create saie and stable products. Interngtional trade
in hiygiene-sensitive products has greatly increased. At the same time, the use of antimicrabial(agents has
beeph reduced or forbidden, creating a need for increased biocontamination control.

Thig part of ISO 14698 is the first general International Standard for biocontaminationeontrol. However, many
factprs besides cleanliness must be considered in the design, specification, . .éperation and control of
clegnrooms and associated controlled environments.

In spme circumstances, relevant regulatory agencies could impose supplementary policies or restrictions. In
such situations, appropriate adaptations of the standard testing procedures might be required.

© 1SO 2003 — Al rights reserved \
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Cleanrooms and associated controlled environments —
Biocontamination control —

Part 1:

G

neral principles and methods

1

Thid
biog
tech
risk

zongs where risk is low, it can be used as a source of information.

App

regulatory requirements and other national or local documentation.

2

The)

references, only the edition cited applies. For undated references, the latest edition of the

doc

ISO
star

ISO
Par

3

For

3.1

Scope
part of ISO 14698 establishes the principles and basic methodology of a formal
ontamination control (Formal System) for assessing and controlling biecontamination when

nology is applied for that purpose. This part of ISO 14698 specifies the’ methods required fo
zones in a consistent way and for applying control measures apprapriate to the degree of risk

lication-specific requirements are not given. Neither are fire<and safety issues addressed; fo

Normative references
following referenced documents are indispensable for the application of this document

Ument (including any amendments) applies.

14644-4:2001, Cleanrooms and. associated controlled environments — Part 4: Design, cons
{-up

14698-2:2003, Cleanrooms and associated controlled environments — Biocontamination,
2: Evaluation and interpretation of biocontamination data

Terms anddefinitions

the purposes of this document, the following terms and definitions apply.

General

3.141

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

3.1.2

alert level
level set by the user in the context of controlled environments, giving early warning of a drift from normal
conditions, which, when exceeded, should result in increased attention to the process

© 1SO 2003 — Al rights reserved
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3.1.3
bioaerosol

dispersed biological agents in a gaseous environment

3.14
biocontam
contaminati

3.1.5
cleanroom

ination
on of materials, devices, individuals, surfaces, liquids, gases or air with viable particles

room in which the concentration of airborne particles is controlled, and which is constructed and used in a

manner to 1
relevant pa

[ISO 14644

3.1.6

contact de
specially dg
for surface

3.1.7
contact plg
contact dev

3.1.8

control point

point in a g
reduced to

3.1.9

controlled environment

defined zon

3.1.10
corrective
action to be

3.1.11
Formal Syg
system of b

3.1.12
hazard
potential sg

hinimize the introduction, generation, and retention of particles inside the room, and in which, g
ameters e.g. temperature, humidity, and pressure, are controlled as necessary

+1:1999, 2.1.1](1]

vice
signed appliance holding an appropriate, sterile, culture medium with an-accessible surface U
sampling

te
ce where the container is a rigid dish

ontrolled environment at which control is applied*and a hazard can be prevented, eliminate
acceptable levels

e in which sources of contamination are'controlled by specified means

paction
taken when the results of monitoring indicate that alert or action levels are exceeded

ptem
ocontamination-eontrol with established and documented procedures

urce of harm

[ISO/EC G

ther

sed

d or

ide’ 51:1999, 3.5]2

3.1.13

impact sampler
device designed to sample particles in the air, or other gas, through a collision with a solid surface

3.1.14

impingement sampler
device designed to sample particles in the air, or other gas, through a collision with a liquid surface and the
subsequent entering into the liquid

© ISO 2003 — Al rights reserved
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3.1.15

qualification

process of demonstrating whether an entity — activity or process, product, organization, or any combination
thereof — is capable of fulfilling specified requirements

3.1.16

risk
combination of the probability of occurrence of harm and the severity of that harm

[ISO/IEC Guide 51:1999, 3.2](2]

3407

riskl zone
defined and delimited space where individuals, products or materials (or any combination of| these) are
particularly vulnerable to contamination

31118

setfle plate
suitable container (e.g. a Petri dish) of appropriate size, containing an appraopriate, sterile, culture medium,
whic¢h is left open for a defined period to collect viable particles depositing from’the air

3.1/19
swab
sterjle collection device, non-toxic and non-inhibitory to the growth of the microorganisms beirlg sampled,
congisting of a specific matrix of suitable size, mounted on an.applicator

3.1.R0
tardet level
defiped level set by the user as a goal for routine operations, for the user's own purpose

3.1.p1

validation
confirmation, through the provision of objective evidence, that the requirements for a specific intepded use or
application have been fulfilled

[1ISG 9000:2000, 3.8.5](!
3.1.p2

verification
confirmation, through the-provision of objective evidence, that specified requirements have been fulfilled

[1ISQ 9000:2000,3'8:4](3!

NOTE Meonitoring and auditing methods, procedures and tests, including random sampling and analysis,| can be used
in the verification of the Formal System.

3.1.23
viable particle
particle that consists of, or supports, one or more live microorganisms

3.1.24

viable unit

VU

one or more viable particles which are enumerated as a single unit

NOTE When viable units are enumerated as colonies on agar media, it is common usage to name them colony
forming units (CFU). One CFU might consist of one or more VU.

© 1SO 2003 — Al rights reserved 3
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3.2 Occupancy states

3.21
as-built

condition where the installation is complete with all services connected and functioning, but with no production

equipment,
[ISO 14644

3.2.2
at-rest

condition w|
by the custq

materials or personnel present

-1:1999, 2.4.1][1]

here the installation is complete with equipment installed and operating in a manner agreed, U
mer and supplier, but with no personnel present

pon

[ISO 14644}1:1999, 2.4.2](1]

3.23

operational

condition where the installation is functioning in the specified manner, with the specified‘number of persopnel

present and working in the manner agreed upon

[ISO 14644}1:1999, 2.4.3](1]

4 Princjples of biocontamination control

41 A formal system of biocontamination control (Formal Systém) shall be established, implemented [and

maintained |within cleanrooms and associated environments®.The Formal System will assess and control

factors that|can affect the microbiological quality of the process and product.

There are g number of accepted methods for achieving-this goal by risk assessmentl4l: [8]. The hazard analysis

critical contfol point (HACCP) system[6l: [7]. [8]. [9] is commonly used. Fault tree analysis (FTA)10), or the fajlure

mode and gffect analysis (FMEA)[''], or any other validated equivalent system can be used.

In many spich methods, any type of hazard can be considered. Within this part of ISO 14698, pnly

microbiologjcal hazards are addressed,

4.2 To agsess and control the microbiological hazards, any selected system shall address the folloying

principles:

a) identifidation of potentiakhazard(s) to the process or product, assessment of the likelihood of occurrgnce
of thesg hazard(s), and identification of measures for their prevention or control;

b) designgtion of risk)zones and, in each zone, determination of the points, procedures, operational sfeps
and enyvironmental conditions that can be controlled to eliminate the hazard(s) or minimize the likeliHood
of theirloccurrence;

c) establishment of Tmits 10 ensure contror,

d) establishment of a monitoring and observation schedule;

e) establishment of corrective actions to be taken when monitoring results indicate that a particular point,
procedure, operational step or environmental condition is not under control;

f) establishment of procedures, which may include supplementary tests and procedures, to verify that the
chosen Formal System is working effectively;

g) establishment of training procedures;

h) establishment and maintenance of appropriate documentation.

4 © ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=7fbfa5366914bf77202ad6f6ea15effc

ISO 14698-1:2003(E)

5 Establishing the Formal System

5.1 General requirements

It is the responsibility of the user to develop, initiate, implement and document a Formal System for
biocontamination control that allows detection of adverse conditions in a timely fashion. It is imperative that
such a programme be tailored to the field of application, to the specific facility and to specified conditions, and
that this system be an integral part of a quality management system. The quality management system shall

include an appropriate training programme for the selected Formal System.

e sampling activities themselves contributing to the contamin

N a manner

ation of the

prodluct or risk zone or both.
Risk zones shall be classified according to relevant guidelines, regulations (where these exist) and| the chosen
Forfnal System. Risk zones may also be classified according to the level)6f aerial and surface

biod

NOT
ISO

5.2

The
levd
ach
mic

Dur
leve
Ale
Ale

1

ontamination, for example, low, medium, high or very high risk.

E The first two parts of a Formal System, as given in 4.2 a) and b), are not discussed in detail i
14698, but information on how to identify, assess and control hazards is given in-other sources. See, for ¢

Alert, action and target levels

user of a cleanroom or controlled environment shall set_microbiological alert and action le
Is shall be appropriate to the field of application, to the\elassification of the risk zones ang

obiological alert and action levels in some specific fields of application.

ng initial start-up and at intervals established _according to the Formal System, data on biocq
Is should be reviewed to establish or confirm a baseline for the determination of alert and a

and action levels should be reviewed'and adjusted as appropriate.

n this part of
bxample, [12].

vels. These
to what is

evable using current technology. Microbiological target levels may be used as an allernative to

ntamination
ction levels.

and action levels may be related to the'iarget levels in any specific applications where the¢se are set.

5.3| Monitoring of biocontamination
5.3/1 General
Detection and monitoring.of’biocontamination in risk zones shall be carried out by sampling and gnumerating

vial

Exal

le units with approepriate methods in accordance with a sampling plan.

mples of sources of biocontamination that can constitute a hazard are air, surfaces, textiles

and liquids

(se¢ Annexes-Ay C, D and F).
Micfobiol@gical sampling may be useful for providing baseline data as new installations are condtructed and
commissioned, including, as relevant, in the as-built state. Monitoring in risk zones shall be perfgrmed when

the

installation is in the as-huilt and at.rest states I\llnnifnring shall alsa he pnrfnrmnrl rout

nely in the

operational state according to the selected Formal System.

5.3.2 Sampling

5.3.21

General

The appropriate sampling method and related procedures shall be selected and performed to reflect the
complexity and variety of situations. Sampling shall be carried out using a device and method selected in
accordance with the written procedure and in accordance with the instructions provided by the device
manufacturer.

© 1SO 2003 — Al rights reserved
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5.3.2.2 Sampling device

A sampling device shall be selected according to the area being monitored. The selection for a particular
application shall take into consideration the following factors:

a) type of

viable particles for which to sample;

b) sensitivity of the viable particles to the sampling procedure;

c) expected concentration of the viable particles;

d) indigen
e) access
f)  ability {
g) ambier

h) time an

i) sampling method, material and properties of the sampling medium;

j) effect g

k) collecti

I) incubafion and viable particle detection and evaluation method;

m) type of
n) efficien
5323 S

A sampling
documente

Sampling s
stress in th
place. Sam
performanc

ous microbial flora;

bility of the risk zones;

o detect low levels of biocontamination;

t conditions in the risk zone being sampled;

d duration of sampling;

f the sampling device on the process or environment to be nionitored;

bn accuracy and efficiency;

information to be obtained (e.g. qualitative or\guantitative aspects);

cy of extraction/rinse fluids, where appropriate.

ampling plan

l sampling plan is essential;for accurately assessing and interpreting biocontamination data.

hall be carried out When the area is in the operational condition and during periods of greg
e system, for example, before the end of a shift or when the greatest amount of activity is ta
pling in the atfrest condition may also provide useful information about the facility design

a)
< -

a) initial

The sampllg plansshall comprise the following:

mpling plan to provide a reference point or baseline within the framework of the chosen Fo

plan shall be developed through the selected Formal System and shall be documented. A

test
king
and

mal

Systent;

b) routine

sampling plan resulting from the implementation of the chosen Formal System.

5.3.2.4 Design of the sampling plan

The sampling plan shall take into account the cleanliness level of the risk zone and the degree of
biocontamination control required for the activity being conducted, to protect individuals, the environment, the
process and the product. The following are examples of elements to be considered:

a) choice

of the sampling location, taking account of the location and function of the risk zone;

© ISO 2003 — Al rights reserved
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b) number of samples (limited or small sample volumes may not provide representative results, although, in
some cases, large numbers of samples may compensate for the size of the sample volumes);

c) frequency of sampling;
d) methods of sampling, including whether the tests will be qualitative or quantitative;
e) volume to be taken or the area that should be covered to constitute a sample;

f) diluents, rinse fluids, neutralizers, etc.;

g) [factors pertinent to a particular situation that could affect culturing results;

h) |impact of operations, personnel and equipment in risk zones which contribute to biocontamination, such
as

1) compressed gases,

2) room air,

3) manufacturing equipment,

4) monitoring/measuring devices,

5) storage containers,

6) number of persons present in zone,
7) unprotected surfaces of personnel,
8) personal attire,

9) protective clothing,

10) walls/ceilings,

11) floors,

12) doors,

13) benches,

14) chairs,'or

15), air-admitted from other sources.

5.3.2.5 Frequency of sampiing

The frequencies of sampling shall be developed using the selected Formal System and shall be confirmed or
modified as necessary in the following cases:

a) when alert or action levels are exceeded consecutively;
b) after prolonged shut-down of activities;
c) on detection of infectious agents in risk zones;

d) after any significant maintenance work has been undertaken on the ventilation system;

© 1SO 2003 — Al rights reserved 7
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e)
f)
9)
h)
5.3.2.6

Sampling s

More than ¢ne sample may be taken at each site and different numbers of samples may be taken atdiffg

locations.
Sampling s

53.2.7 |

The labellin

information
a) collecti
b)
Cc) person
d)
e) culture
f) anyde
5.3.3 Vali

The select

cleanrooms

Annex C.

NOTE |

5.4 Proc

The collect
organisms.

a)
b) use of

c) use of

date ar

current

after changes to the process that affect the cleanroom environment;
after recording of unusual results;
after changes to the cleaning or disinfection procedures;

after unplanned incidents that could contribute to biocontamination.

Sampling sites

nall be carried out at the microbiological control points defined in a written procedure!

Hentification of samples

g of each sample shall carry the following information or a coding that?provides traceability of

DN site;

d time of collection;

collecting the sample;

activity at the time of sampling;
medium type;

viations from the sampling plan.
dation

bd monitoring system_shall be used as part of the qualification and validation process|
and associated contrelled environments in accordance with ISO 14698-2 and ISO 14644-4:2

hformation on the_validation of some microbiological methods is given in ISO 14698-2.

essing-of' samples

on;.fransport and processing of samples shall not affect the viability and number of the colle

rent

the

for
D01,

cted

Egctors-to ba caonsidered-are
ot RSHGeF8a—at

transport/storage conditions and duration,

neutralizing agents, and

osmotic solutes.

Samples shall be collected in a manner and in containers such as not to add to, or inhibit, biocontamination.

© ISO 2003 — Al rights reserved
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5.5 Culturing of samples

5.5.1 General

Culture media and incubation conditions (e.g. temperature, duration, oxygen tension, relative humidity) shall
be selected according to the types of microorganisms expected. This selection will also depend upon the
sampling environment and the procedure and equipment used.

5.5.2 Culture media

Cul

- - : included to
ovefcome, or minimize, the effects when residual antimicrobial activity at the sampling point is exp

cted.

When culture media are used within cleanrooms or associated environments, the external surfpce of their
conjainers shall be maintained in a state of cleanliness appropriate to their use.

NOTE The adoption of double- or triple-wrapping may be necessary to maintain the state)of cleanliness.

Applropriate quality control procedures for the culture media shall be ensured(!3l. [14],

5.5.8 Incubation

When selecting a suitable incubation temperature and time for the’/inoculated culture media, conditions that
favqur the growth of the types of organisms expected to enter-the clean environment shall be|considered
whgnever possible.

Total incubation periods of two to five days for bacteria and five to seven days for fungi afe generally
acceptable, especially when the number of VU is_low. When anaerobic, thermophilic, micro-agrophilic, or
nutrjtionally deficient or fastidious bacteria, and fungi, are of concern, specific atmospheric corjditions and
incybation times could be necessary. Plates should be observed at appropriate intervals over the incubation
peripd.

5.6| Evaluation of sampling data

5.6.1 General

Thel| evaluation of biocontamination data shall provide sufficient information for effective correciive actions.
Furfher information on theyevaluation of biocontamination data is given in ISO 14698-2.

NOTE Monitoririg Jof microbial contamination may be performed by the measurement of indirect ingdlicators, e.g.
adenosine triphosphate (ATP) measurements. However, it should be noted that there may be no direct relation between
the E‘resence ofslich indicators and biocontamination. It is therefore essential when the Formal System is beipg verified or
the fonitoring.system is being validated, that there be a direct estimation of biocontamination.

5.6.2C-Enumeration

It is generally accepted that, as with other microbiological counts, the estimation of biocontamination can be
influenced by instruments and procedures used to perform these counts. Therefore the enumeration of viable
particles from the samples shall be performed only by appropriate validated methods.

NOTE 1  Information on enumeration of viable particles is given in other sources!'9] [16],

NOTE 2  This part of ISO 14698 does not imply or accept any direct constant or causal link between concentrations of
viable and non-viable particles. Control levels for those parameters can be set separately as required.

© 1SO 2003 — Al rights reserved 9
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5.6.3 Characterization

Microbial monitoring cannot identify and quantify all the microbial species found in controlled environments.
Evaluation of results shall include choice of an appropriate level of characterization.

NOTE The level of characterization will depend upon the criticality of the area involved and whether investigation
warrants further identification. Broad categories based on cell morphology, staining properties and other characteristics
may be sufficient. When required, identification, at least to the genus level, can be carried out using established laboratory
methods. Information gathered through characterization can help in the evaluation of cleaning and disinfecting procedures
and in determining a source of contamination or an appropriate corrective action. Identification of isolates from critical
areas will usually take precedence over identification from non-critical areas.

6 Expre

Quantitativg
method ussg

To assist in|
review of t
unusual res
The test rej
a) type of
b) methog

c) collecti

ssion, interpretation and reporting of results

results are expressed as viable units (VU) or as colony-forming units (CFU), depending on
d, using appropriate Sl units [17]. Information on data evaluation is given in 1ISO,14698-2.

interpretation, results shall be reviewed over extended periods to determine‘trends. Based on
nese investigations and specific testing results, decisions shall be made’ on the significanc
ults, and the acceptability of the operations or products processed underthose conditions.

ort shall include or make reference to the following:

sample;

(s) used and, where appropriate, the number and title.ef the standard;

hg device used;

d) sampling site;

e) type of

f)  numbe

activity underway at the time of sampling; including occupancy state;

I of persons within the sampling area, where appropriate;

g) sampling date and time of sampling;

h) sampling duration, where appropriate;

i) time of]
i) conditi

k) variatig

examination of samples;
bns and duration of incubation;

ns framthe described test method, as well as any factor that may have influenced the results;

I) testreg

ults' from the examination of the collected samples after initial and final reading;

m) when quantitative tests have been performed, the results, expressed using appropriate Sl units;

n) description of the isolate(s), if characterized;

0) name of the organization responsible for the test report and the date of completion of the test;

p) name and signature of the individual(s) responsible for performing the test.

10
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7 Verification of the Formal System

The results of monitoring biocontamination shall be examined periodically in order to confirm that the system
chosen is functioning in accordance with the established procedures and the specified requirements have
been fulfilled [see 4.2 f)].

NOTE This examination could require use of monitoring and auditing methods, procedures and tests, including
random sampling and analysis. It could also require the systematic verification of all working steps and equipment to
ensure the proper functioning of the Formal System.

If verification indicates deviations from the established limits or a change in the microbiological status of the
confrolled environment, corrective action shall be initiated. If appropriate, the Formal System shall be modified.

8 [Training

A training programme shall be implemented (see Annex G).

9 |Documentation

Dodumentation shall include

— | description of the Formal System,

— |risk assessment report,

— |sampling plan,

— |action, alert and target levels, as applicable,
— |test and sampling procedures,

— |test report,

— | verification report, and

— |training records.
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Annex A
(informative)

Guidance on determining airborne biocontamination

A.1 Introduction

This annex

control is considered desirable or necessary. This measurement involves collection of representative-sam

for the dete

This assesq
of ISO 146

Ction of those viable particles that need to be controlled and monitored.

ment of airborne biocontamination is carried out in accordance with the basic principles of this

where cleaproom technology is applied.

Techniques

A.2 Pring

Detection a

for the validation of a sampling device are given in Annex B.

iple

hd monitoring of microbial contamination of the air in a risk zone is carried out by collecting vi

particles with appropriate sampling devices, according to a sampling plan, when the risk zone is in the as-

and at-rest

A.3 Sam

A.3.1 Ger
There are
particles[18l
sample is
equipment
Sampling d
a)
b)

active

The manuf

States, as appropriate, and routinely under normal operation in the risk zone.

pling devices

eral

a great variety of methods.available for the collection and enumeration of airborne vi
The selection of a particular method and device will depend upon the purpose for which
equired. The collection efficiency of samplers will vary; an appropriate method or methods
should be carefully selected.

bvices fall into twocategories:

passivg sampling devices, such as settle plates;

sampling devices, such as impact, impingement and filtration samplers.

provides guidance on the determination of airborne biocontamination in situations where_micrqg

D8, which require the establishment of a Formal System to assess and control’ biocontaming

bial
ples

part
tion

able
built

able
the
and

heir

hctfurer of these devices should provide instructions for their use as well as information on

limitations. The collection efficiency of active sampling devices is discussed in Annex B.

A.3.2 Selection of a sampling device

The sampling rate, duration of sampling and type of sampling device can strongly influence the viability of the
microorganisms that are collected. Impingement devices may not be suitable for sampling airborne viable
particles because of their low sampling volume and low rate of sampling, and their tendency to disrupt clumps

of viable pa

12

rticles.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=7fbfa5366914bf77202ad6f6ea15effc

ISO 14698-1:2003(E)

Because of the number and variety of microbial air sampling systems commercially available, the selection for
a particular application should consider, as a minimum, the following factors:

a)
b)

c)

type and size of viable particles to be sampled;
sensitivity of the viable particles to the sampling procedure;
expected concentration of viable particles;

ability to detect high or low levels of biocontamination;

f)
9)
h)

The)
reas

A3

Pas

appropriate culture media (see 5.5.2)[1°l;

time and duration of sampling;

ambient conditions in the environment being sampled;

disturbance of unidirectional airflow by the sampling apparatus;

sampler properties such as

1) appropriate suction flow rate for low levels of viable airborne particles,
2) appropriate impact/airflow velocity,

3) collection accuracy and efficacy,

4) ease of handling (weight, size) and operation* (ease of use, auxiliary equipment, deps
vacuum pumps, water, electricity, etc.),

5) ease of cleaning and disinfection or sterilization, and

6) possible intrinsic addition of viable’particles to the biocontamination to be measured.

endence on

exhaust air from the sampling_apparatus should not contaminate the environment being sampled or be

pirated by the sampling device:

|3 Passive microbialjsampling devices (sedimentation sampling devices)

Ssive microbial aif~sampling devices such as settle plates do not measure the total numb

parfcles in the air)they measure the rate at which viable particles settle on surfaces. Settle
therefore be used. for the qualitative and quantitative evaluation of airborne contamination of prq
can| be dong by determining the settle plate count per time; then, by relating both the area

exppsure_of*the product to that of the settle plate, the possible contamination of the prod
caldulatedf20l. [21],

pr of viable
plates may
ducts. This
and time of
uct can be

A3

A3.

.4 Active microbial sampling devices

4.1 General

The use of active air sampling devices in risk zones is essential for the assessment of the microbial quality of
air. There are several types of active devices commercially available, each having its own limitations.

Based on the principles of sampling, the two main types of apparatus considered suitable for risk zones with
normal (low level) biocontamination are impact samplers and filtration samplers.

© 1SO 2003 — Al rights reserved
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A3.4.2

Impact and impingement samplers

Because there are a variety of impact and impingement samplers available for the detection of viable particles,
the device selected for use should have the following characteristics:

a) impact velocity of the air hitting the culture medium that is a compromise between
1) being high enough to allow the entrapment of viable particles down to approximately 1 ym, and
2) being low enough to ensure viability of viable particles by avoiding mechanical damage or the break-

up of clumps of bacteria or micromycetes;

b) samplirI\g volume that is a compromise between being large enough to detect very low levels of
bioconfamination and being small enough to avoid physical or chemical degradation of the)eollegtion
medium.

In areas ofl high biocontamination, the impaction method and sample volume should beZselected in way

appropriate|to achieving separate colonies, to allow the results to be interpreted.

The device [should meet the following minimum requirements:

— sufficignt flow rate to collect 1 m3 in a reasonable time, without significant drying of the sampling mediim;

— appropriate air impact speed to the culture medium.

A.3.4.3 Fjltration samplers

Filtration sgmpling devices are widely used for air sampling. By*appropriate choice of pump, filter medium|and

filter size, ajmost any desired sample quantity can be collected in a given sampling period.

For the des|gn and use of a filtration sampling device; the following factors should be considered:

a) ensure| that the filtration conditions do notraffect the viability of the microorganisms collected, e.g| by
dehydrftion;

b) elimingte static electricity that willninterfere with the rate of impact of viable particles onto the filter
membrane;

c) apply the same constraints(er suction flow rate and impact air velocity as in A.3.4.2;

d) ensure|that the filter-membrane holder can be connected to a vacuum source, fitted with a devicg for
measufing the suction rate, without contamination of the filter material;

e) ensure|that thefilter membranes can be placed aseptically in the filter holder, can be removed aseptigally
after filtering\the desired quantity of air and can be placed on solid culture medium or in liquid culture
medium!

A.4 Expression of results

The numbe

14

r of viable particles should be expressed in viable units per cubic metre.
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Annex B
(informative)

Guidance on validating air samplers

Introduction

This
airb

The)
biol
Phy
inar
Biol
micl

method described in this annex is mainly concerned with physical efficiency.

B.4 Experimental method

B.2

A te
wou
test
suit

The)
four
careg
extr,
pad

A particle counter and-method of sampling air within the chamber should be provided to ensure th

well

Temperatureand relative humidity should be maintained at (22 + 2) °C and (50 £+ 10) % RH, resps

app
gau

annex describes a technique for determining the collection efficiency of samplers used
brne microbes. Manufacturers or third-party testing organizations will usually perform this‘eval

collection efficiency of microbial air samplers can be considered in two ways:Cphysical ef
pgical efficiency. Physical efficiency is the ability of the sample to collect yafious sizes
sical efficiency is the same whether the particle is a microorganism, carriesca microorgani

bgical efficiency will be lower than physical efficiency for a number of reasons, such as the su
oorganisms during collection and the ability of the collection medium-to support their grow

1 Test chamber

st chamber approximately 1 m wide by 1 m high' by 2 m long is suitable, but any small, encl
Id be acceptable. A test aerosol should be generated either within this area, or supplied to th
area should be supplied with HEPA-filteréd air and maintained at negative pressure by extrag
hble rate. The extracted air should be HEPA filtered.

airflow within the test chamber should be non-unidirectional with an air-change rate equiv4
d in a typical cleanroom, i.e. between 20 and 60 per hour. To avoid local concentrations of U
should be taken with thesmethod of supplying and extracting air. A useful approach is to
act sufficient air to ensuré negative pressure conditions and to recirculate the remainder by
dle or fan within the test\area.

mixed and to,check on its concentration.

ratus within the test area shall be able to be manipulated from outside of the chamber, e.g
ntlets ‘'or half-suits.

1:2003(E)

or counting
ation.

iciency and
bf particles.
kM or is an

imate particle. Biological efficiency is the efficiency of the sample in collecting microbe-carrying particles.

rvival of the
h. The test

psed space
e area. The
ting air at a

lent to that
nmixed air,
supply and
means of a

e aerosol is

ctively. The
. by use of

B.2

B.2.

.2 Test strains of microorganisms

2.1 Strains for testing physical efficiency

The test strain should be Bacillus subtilis var. niger NCTC 10073 (= DSM 2277), which survives well in the
collection conditions. The test strain should be prepared in a culture medium meeting the nutritional
requirements of the test strain and used as a washed spore suspension.

NOTE Polystyrene spheres and other types of non-viable particles can be used to determine the physical efficiency
of air samplers[?2l. The results obtained are similar to those produced by microbiological particles. However, in some
samplers it is impossible to detect all the non-viable particles, whereas if microbes are used, they will grow into colonies
that can be easily seen and identified.
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B.2.2.2 Strains for testing biological efficiency

Many of the microbes in the air of occupied areas come from the skin of personnel; coagulase-negative
Staphylococci predominate. However, it is also possible to find in some rooms a substantial number of
microorganisms that come from the process. If biological testing is to be carried out, bacteria typical of those
found in the room air should be tested. An organism such as Staphylococcus epidermidis (NCTC 11047;
ATCC 14990) can be used. However, it should be noted that changes in the spray solution, the spray method
and the collection conditions might cause the biological efficiency to vary and make this method less reliable
than the physical efficiency.

B.2.3 Ge

Aerosols of|a controlled particle size are produced by an apparatus such as the spinning-top or spinning disc
aerosol gerjerator(23l. The disc or top is spun at high speed and fed by a liquid suspension of midrobes |that
are spun oyt as a fine homogeneous spray. By varying the speed, the size of the wet droplets can be vafied.
The droplefs dry quickly and, depending upon the amount of insoluble material in the liquid; various sizds of
small dry particles can be produced. The wet particle diameter can be determined by use(of-an equation [that
relates it to|the density and surface tension of the liquid and the rotational speed and diameter of the spinhing
disc. Alterngtively, it can be measured microscopically.

After formation, the wet particles will be reduced by evaporation to a size that™depends upon their golid
content. It |s useful to increase their size and weight by incorporating potassium iodide into the spralying
solutions. The diameter of the dry particle can be calculated using the-fellowing equations or determ|ned
microscopigally by sampling the air in the test chamber by means of a filternmembrane.

The radius {r) of any sphere is related to its volume (7) by the following*equation:

r:[iymja B1)

In the case|of a dry particle, its size will be determined by both the amount of solid material contained wjthin
the wet parlicle and the spore.

Therefore:

[N

Radius] of dry particle ={% (Vp £ Vs) + n} (B.2)

where

v

s is fhe volume of\spore (approximately 0,5 ums3);

V.

b is the volume’of particle after evaporation;

Vo can be calculated by

Vo - volume of wet particle (m3)>< concentration of solid in particle (g/m3) (B.3)
p= .

density of the solid material in solution (g/m3)

Having determined the radius of the dry particle the diameter is easily ascertained.

The aerodynamic behaviour of a particle will vary according to its density. Therefore, it is necessary to
calculate the equivalent particle diameter of the dry particle, i.e. the size the dry particle would be if it were of
unit density, as follows.

1
Equivalent particle diameter = d (p)2 (B.4)
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d is the diameter of the dry particle;

p is the density of incorporated solid material.
4 Testing

1:2003(E)

The tests take place inside the chamber or in an area adjacent to it that has turbulent air conditions similar to
a cleanroom. The sampler to be tested and a membrane-ﬂlter holder, contamlng ao, 45 pm ﬂlter should be

dry

ope
do
swit
air
SOy
day

Prig
in a
amd
extr
coin
Diff
whe
Five
app

B.3

Use
the

The)
dev

hen sampled (approxmately one metre) The part|cle counter should be used to check that
congentration is the same at the sampler and membrane-filter holder positions. The membrane sampler,

ating at a flow rate of approximately 5 I/min, should not face upward but should face to
nward, preventing deposition by gravity of particles onto the membrane. Both ,samplers
hed on together. The sampling time will depend on the concentration of microbe-Carrying pai
put a few minutes should suffice. After the test, place the membrane on a platécontaining cas
h meal-peptone agar or a validated, equivalent medium. After incubation of\both sets of sam
5 at 37 °C, count the colonies.

r to use in the test, suspension of the washed spores, at a concentration not greater than 106/n

unt of aerosol generated will depend on the size of the chamber and the amount of air s
acted. However, the aerosol concentration should not prolong sampling time and there sh
cidence of bacterial colonies on the sampling medium.

n sprayed. The concentrations of solids required can be calculated using the equations giv
solutions should be prepared to provide particle sizes over a range of equivalent particle d
roximately 0,8 um to 15 um. For each particle'\size, at least 10 experiments should be carried o

Interpretation of results

the yield from the test samplerand the membrane filter sampler from the same volume of air
bfficiency using the following equation:

test sampler count
total count (from membrane sampler)

x 100

Efficiency of sampler (%) =

results may<be-plotted as particle size against efficiency, with all points plotted as means w
ations of efficiencies.

articles are
the particle

the side or
should be
ticles in the
bin-peptone
ples for two

hl to 107/ml,

h 80 % solution of ethanol will ensure single spores are obtained in“most of the particles. The necessary

Ipplied and
ould be no

brent concentrations of solids should be dispersed in~the solutions to provide a range of particle sizes

en in B.2.3.
iameters of
ut.

to calculate

(B.5)

th standard
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C.1 Intro

Annex C
(informative)

Guidance on determining biocontamination of surfaces

duction

This annex
risk zones,

the collectipn of representative samples for the detection of viable particles that are present and’ that

need to be
present bu

applied roufinely in the operational condition and, if appropriate, in as-built and at-rest conditions.
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where cleafproom technology is applied.

C.2 Prin¢

A count of ficroorganisms on a surface at a point in time is obtaified by a contact device or a swab. A cor

device can
colonies giv
number of 1

A count of
period, a n

deposition per area per period.

C.3 Sam

C.3.1 Cor

Contact plates or other devices can be used that allow a nutrient medium, held in a suitable flexible or

container,
> 20 cm2.

The nutrien
the whole 3

provides guidance on the determination of biocontamination of surfaces in situations, patticu
where biocontamination control is considered desirable or necessary. This measurement.invo

controlled or monitored. These methods might not give the total number of viableqmicroorgani
, under controlled conditions, can give relevant and comparable results. These methods

ment of airborne biocontamination is carried out in accordance with the-basic principles of this
D8, which require the establishment of a Formal System to assess, and’ control biocontaming

ciples

apply a solid nutrient medium of known area to the*surface, which is then incubated. The resu
e a mirror-image “map” of the original viable units* A swab can be used to wipe a surface and
hicroorganisms removed by the swab can be ¢ounted.

he rate at which microorganisms are falling on the surface is obtained by exposing, for a kn
utrient surface of known area, whichis then incubated. The resultant colonies give a rat

pling devices

tact sampling devices

0 make contact with the surface to be sampled. The accessible contact surface should

meédium should be applied to the surface for a few seconds with a uniform and steady pressu

arly
ves
may
5MS

are

part
tion

tact
tant
the

pwn
b of

rigid
be

e to
iner

rea) without allowing any circular or linear movement. The device is then returned to its contg

and the sampled surface is cleaned to remove any nutrient residues.

C.3.2 Swabs

Collection of viable units may also be achieved by appropriate application of a swabbing technique. The use
of sterile moistened swabs, sponges or wipes is particularly convenient for sampling large, non-absorbent,

irregular or

recessed surfaces not accessible to contact devices.

The swab should be pre-moistened with a sterile rinse medium. The swab should be stroked in close parallel
sweeps over the defined sampling area, while being slowly rotated. Sampling of the same area should be
repeated, stroking the same swab perpendicular to the initial sweep. The swab should then be placed in a

18
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specified amount of rinse liquid and agitated. The rinse liquid should be assayed for viable
sampling, the sample site surface should be cleaned to remove any residue of the rinse medium.

C.3.3 Settle plates

Settle plates are suitable for the qualitative and quantitative evaluation of possible surface conta
airborne viable particles depositing from the air.

1:2003(E)

units. After

mination by

Where appropriate, the number of microorganism-carrying particles depositing from the air onto surfaces in a
glven tlme can be determlned by settle pIates contalnmg a swtable culture med|um the plates are then

megsures the number that have settled onto a surface durlng the sampllng perlod The sensi
method may be enhanced by using large-diameter Petri dishes (i.e. 14 cm diameter) and extendin
timg, while taking care to avoid dehydration of the culture medium[24].

C.4 Expression of results

Thel number of viable particles on surfaces should be expressed in viable-dnits per 1 dm2, or in
settle plates, per 1 dm? per hour (1 dm2 = 100 cm?2).

) the air; it
|V|ty of this
g exposure

the case of
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D.1 Intro

Annex D
(informative)

Guidance on determining biocontamination of textiles

duction

D.1.1 Thi
microbial cq

This asses
this part ¢

biocontamination where cleanroom technology is applied.

This asses

particles that are present on, or are shed by, textiles.

Textiles usq
purpose fo
minimize th

In gelation to the selection of textiles for, and the assessment of, related biocontamination in

garment design;

5 annex provides guidance on the determination of biocontamination of textiles in situationsyw
ntamination control is considered desirable or necessary.

sment of the biocontamination of textiles is carried out in accordance with the basi¢ principle
f 1SO 14698, which require the establishment of a Formal System to assess and co

sment involves the collection of representative samples for detection ‘and monitoring of vi

d in risk zones should be of an adequate cleanliness level as appropriate for the work activity
which they are used or both. Textiles should be monitored’ for biocontamination in ords
e risk of adversely influencing the activities, products, deviges; etc. in risk zones.
bllowing factors should be considered:
d form of textile(s), e.g. protective clothing, wipes, etc.;
of fabric;
generation and dispersion characteristics of the fabric;
Liate barrier effect due to inadequate fabric filtration properties;

g, decontamination or sterilization of the textiles;

removal efficiencyfrom the textile;

permeability, surface condition and abrasion resistance.

e-biecontamination of a textile is found to be excessive, appropriate methods will be require

nere

s of
htrol

able

the
r to

risk

p causes. Typical causes include

D.1.2
zones the fi
a) type ar
b) choice
c) particle
d) inadeq
e) cleanin
f) particlg
9)

h) textile
D.1.3 If tH
find possibl
a)

b)

c) insuffic
d)

e)

20

poor particle retention due to fabric properties such as fibre type, weave or design,

incorrect usage, e.g. clothing not changed frequently enough,

ient decontamination, or ineffective cleaning or both,

inappropriate textile washing cycles for the microbiological constraints of the risk zone, and

recontamination after laundering.
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This annex is not intended to give guidance on the determination of the permeability of fabrics to viable
particles. Nor does it cover specific aspects of textiles that may be required for certain fields of application
such as sterilized and departiculated textiles, nor textile quality as judged by visual inspection or by touch.

D.2

Principle

Detection and monitoring of microbial contamination of a textile in a risk zone is carried out by collecting viable

parti

cles with appropriate sampling devices, according to a sampling plan.

D.3
For
flat,
Wh
usin
that
NOT
cont

micr]
filten

D.4

The)
(1d

Contact sampling devices

smooth surface before the contact plate is applied.

bn using sampling devices based on dehydrated media on a support, rehydration may be ca
g the quantity of liquid indicated by the manufacturer; alternatively, this_can be done by using solutions
inactivate or neutralize detergents or disinfectants or that neutralize beth’detergents and disinf

E Where textiles are required to be sterile before use, as part of the sterilization validation

ed.

Expression of results

number of viable particles should be expressed in viable units per 1 dm?2 of the text
m2 = 100 cm?2).

determination of viable particles on textiles, suitable contact devices may be used (see€
inclliding those appropriate for testing small textile items. If possible, the fabric should-be held aga

pmination of the textiles can be determined by using mechanical agitation (e.g. using a stomacher) tq
porganisms from samples of the textile placed into an extraction Selution. This extraction solution is the

Annex C),
inst a hard,
rried out by
pctants.

he microbial
remove the
n membrane

le sampled
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Annex E
(informative)

Guidance on validating laundering processes

duction
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provides guidance on, and describes a technique for, the validation of laundering processeg
here control of biocontamination is considered desirable and necessary.

method

ciple

on involves using pieces made of a textile of the same type as those that undergo the laundg
ese pieces are contaminated by known microorganisms in a measured quantity. The pieces
bugh the laundering process that is to be validated. The ability.of the process to reduce by a f4
umber of bacteria and 104 the number of yeasts and fungal Spores is checked.

g controls are performed:

A: enumeration of viable units in initial microorganism suspension. Control A is designe
strate that initial numbers of microorganisms arg;high enough to allow measurement of the deg
bn of the microorganism population.

B: enumeration of viable units on control pieces that have undergone exactly the same proce
fest piece with the exception of the-faundering process. Control B is designed to demonstrate
ility of microorganisms does not change over the validation period.

C: enumeration of viable units on control pieces that have undergone exactly the same proce
test piece, including the laundering process, but have been contaminated with the microorgar
sion only after the laundering process. Control C is designed to demonstrate that the techniqug
g the number of surviving microorganisms is appropriate to the process conditions (t
nical effect, température, presence of residues of washing product(s) on the textiles, etc.).

proper, a suspension of known microorganisms is prepared in a protein solution. A known vol
bnsion is-applied to the test pieces. The test pieces are subjected to the laundering process as
ed normal textile load. Enumeration of microorganisms on test pieces is done after the launde
e reduction of the microorganism population is measured and compared to the values mentig

ring
are
ctor

H to
ired

Hure
that

jure
ism
e for
me,
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part
ring
ned

It is essential that garments used in the simulated normal load be made sterile before reuse or are destroyed.

E.2.2 Mic

E.2.21 B

roorganisms

acteria

At a minimum, the following bacterial strains should be used:

a)

b)

22

Enterococcus hirae ATCC 10541;

Escherichia coli ATCC 10536.
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E.2.2.2 Fungi

If fungicidal activity is claimed, at a minimum the following fungal strains should be used:

a)

b)

Saccharomyces cerevisiae ATCC 9084;

Aspergillus niger ATCC 16404.

E.2.2.3 Bacterial spores

If s

orocidal activitv_is claimed —at a2 minimum the snaores of the followina strain should be us
Y Y g I~

ed: Bacillus

sub

E.2

E.2

ilis var. niger ATCC 6633.
3 Microbial suspensions

3.1 Suspension medium

Stefile peptone saline water should be used as the suspension medium for-the*suspension of b

fung
bac

E.2

The)

i, add 0,05 % (v/v) of polysorbate 80 or other validated chemical. Sterile distilled water should
erial spores.

3.2 Recovery medium

suspension medium, distilled water or any solution that can be filtered in test conditions can H

disipfectant neutralizing agent must be used, this can be added to the recovery medium.

E.2

The)

E.2

The
prog
10 ¢
the

3.3 Protein solutions
following aqueous solutions are prepared.

Solution A: 3 % (w/V) bovine albumin-(Cohn's fraction V), adjusted to pH=6,8+0,2 if
sterilized by membrane filtration.

Solution B: 15 % (w/V) yeast extract adjusted to pH = 7 + 0,2, sterilized by a validated procedu

Solution C: solutions A and B are mixed in the ratio 100:20, so that the concentration of ead
2,5% (wlv).

4 Control and test pieces

pieces, made from a de-sized textile, must be representative of the textiles that undergo thg
ess to ‘be’/ validated. They should be used only once. The pieces should have an ove
m x, 5 em, including a contaminated area of 5 cm x 5 cm and free end(s) used to attach them t
oad.

acteria. For
be used for

e used. If a

necessary,

re.

h protein is

laundering
rall size of
b a textile in

Pieces are wrapped in a material permeable to steam and sterilized by a validated procedure.

E.2

.5 Preparation of the inoculum

A suspension of > 108 bacterial cells, or > 107 fungal cells or bacterial spores per millilitre is prepared.
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E.2.6 Procedure

E.2.6.1 Controls

These are as follows.

— Control A: enumerate VU in duplicate in an agar medium after appropriate dilution of the inoculum
suspension. The mean of the two counts in the dilution containing 30 VU/ml to 300 VU/ml is called N.

Check that the number in the original suspension was > 108/ml for bacterial cells or > 107/ml for fu
cells or bacterial spores.

ngal

— Contro| B: using appropriate dilutions, inoculate two control pieces with 0,5 ml of a suspension contai

ning

30 VU/mlI to 300 VU/mI and two other control pieces with 0,5 ml of a suspension containing 300\J/ml to

3 000 YU/mI. These four control pieces are handled and tested together with the test pieces throug
the tegt, with the exception of the laundering process. When returned to the laboratory, they
incorpqgrated in a nutritive agar medium and incubated. VU are counted. The mean coufi’correspon
to the most heavily contaminated control pieces is called N and the other is called N

— Contro| C: 0,5 ml of protein solution C (see E.2.3.3) is applied to one control piece. The latter underg
the whole laundering process. The control piece is then immersed in 100l of a recovery med
agitatefl for 15 s to 30 s and deposited in a Petri dish. Then 1 ml of a suspénsion containing 30 VU/n
300 VU/ml is applied to the control piece. The latter is covered with 10l of agar medium, incubated
then cqunted. The count is called n4. The 100 ml of recovery mediuny.used previously is filtered throu
filtratioh membrane capable of retaining microorganisms. After_rinsing three times, the membran
coverefl with 50 ml of new recovery medium. The 1 ml of the suspension containing 30 VU/m
300 VU/ml is added to the 50 ml of recovery medium and then-filtered. The membrane and the filtrg
apparafus are rinsed with another 50 ml of recovery medium‘and then filtered, after which the memb
is trangferred onto an agar medium and incubated. The count is called n,. Calculate n = (n4 + n,)/2.

If N= N% = p, the experimental conditions are validated forthe test proper.

If N, < 0,5|N and/or N4 < 0,05 N and/or n < 0,5 the experimental conditions are not validated for the
proper. Redlo the controls, for example, adding~appropriate compounds to neutralize chemical residue
control pieces submitted to the laundering process.

E.2.6.2 Tpest proper

Mix and legve in contact for 5 min.at ambient temperature 3 ml of the microorganism suspension (E.2.5)
2 ml of the protein solution C-of (E.2.3.3). Apply 0,5 ml of the resulting suspension to the test piece. For §
microorgan|sm tested, contaminate three test pieces.

After the lajundering process, the control pieces are brought back to the laboratory as quickly as poss
Each piece]is transferred into 100 ml of recovery medium and agitated for 15 s to 30 s. Then the follo
steps are performed.

hout
are
ding

oes
um,
hl to
and
gh a
e is
| to
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test
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and
ach

ble.
ving

a) Transfe g
three times with 50 ml new recovery medium. Place the membrane on an agar nutritive medium
incubate.

and

b) Transfer 1 ml onto a filtration membrane and then rinse three times with 50 ml new recovery medium.

Place the membrane on an agar nutritive medium, and incubate.

¢) Transfer the remaining 98,9 ml onto a filtration membrane and rinse three times with 50 ml new recovery

medium. Place the membrane on an agar nutritive medium and incubate.

d) Transfer each test piece aseptically to a Petri dish, cover with agar medium and incubate.
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n’y is the number of VU determined on the membranes — the mean of counts resulting from E.2.6.2 a), b)
and c).

n’y is the mean number of VU determined on the test pieces in E.2.6.2 d).

R =n’y + n’ is therefore the number of residual microorganisms following the laundering process.

E.2.7 Interpretation of results

Calculate the ratio of the number N of microorganisms applied to the control pieces to R. Check if the
laurjdering process ensures reduction by a factor of at least 10° of the number of bacteria and reduction by at
leagt 104 of the number of yeasts and fungal spores.
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F.1

This annex
in situation
involves the
could need

This asses
this part ¢

biocontamipation where cleanroom technology is applied. In addition, the following factors should

considered
microb
expect
conditi

accura

F.2 Pring

Collection ¢
carried out
and routing
achieved by

F.3 Prodedure

F.3.1 Gern

There are §
a particular

Annex F
(informative)

Guidance on determining biocontamination of liquids

Introduction

provides guidance on the determination of biocontamination in liquids (aqueous or non-agque
5 where control of biocontamination is considered desirable and necessary. This measurern
collection of representative samples for the detection of viable particles that are present and
to be controlled or monitored.

sment of the biocontamination of a liquid is carried out in accordance with the basic principle
f 1SO 14698, which require the establishment of a Formal System._to“assess and co

al ecology and related parameters in risk zones;
pd concentration of the viable particles in the specific liquid(s);
bn of the liquid(s);

cy and efficiency of collection.

ciple

f samples for the detection and monitoring of microbial contamination of liquids in risk zong
with appropriate sampling devices and according to a sampling plan, when the risk zone is ati
ly under normal operation.SQualitative and quantitative detection of viable particles may
direct or indirect measurement techniques.

eral

variety>of methods available for the determination of biocontamination of liquids. The selectio
method will depend on the nature of the liquid and the volume of sample required. For exan

pour plates

DUS)
hent
that

s of
htrol
be

S is
rest
be

n of
ple,

spread plates, membrane filtration and other methods can be used![23].

Pressure of liquids shall be suitably reduced for sampling. Attention should be paid to the liquid condition and

the expecte

d concentration of viable units in the liquid.

F.3.2 Sample preparation

Depending on the liquid and biocontamination level, the sample can be assayed directly or after appropriate

treatment.
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