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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedlures used to develop this document and those intended for its further maintenance
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The commljittee responsible for this document is ISO/TC 209, Cleanrooms and associated contrd

environments.

This second edition cancels and replaces the.first edition (ISO 14644-1:1999), which has b

technically| revised throughout.

ISO 14644 [consists of the following parts, under the general title Cleanrooms and associated contrd

environments:

— Part 1:|Classification of air cleanlinéss by particle concentration

— Part 2:{Monitoring to provide.evidence of cleanroom performance related to air cleanliness by par
concenjtration

— Part 3:|Test methods

— Part 4:|Design,.tonstruction and start-up

— Part 5:|Opérations

— Part 7: SC[IUI Utl.VC dCVl‘LCD (LICM“ l/“.l l’lUUdb, yl’UVCl’IUACD, l‘DUl’Ul‘:UID bllld ll“.lll. CIlVl.l UlllllClll‘:b)

— Part 8: Classification of air cleanliness by chemical concentration (ACC)

Part 9:

Classification of surface cleanliness by particle concentration

Part 10: Classification of surface cleanliness by chemical concentration

Attention is also drawn to ISO 14698, Cleanrooms and associated controlled environments —

Biocontami

— Part 1:

— Part2:

nation control:
General principles and methods

Evaluation and interpretation of biocontamination data
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Introduction

Cleanrooms and associated controlled environments provide for the control of contamination of air
and, if appropriate, surfaces, to levels appropriate for accomplishing contamination-sensitive activities.
Contamination control can be beneficial for protection of product or process integrity in applications in
industries such as aerospace, microelectronics, pharmaceuticals, medical devices, healthcare and food.

This part of ISO 14644 specifies classes of air cleanliness in terms of the number of particles expressed
as a concentration in air volume. It also specifies the standard method of testing to determine

cleanliness class, including selection of sampling locations.

Thif edition is the result of a response to an ISO Systematic Review and includes changes.inx
usef and expert feedback validated by international enquiry. The title has been revised.t0)“Cl:
of alir cleanliness by particle concentration” to be consistent with other parts of [SO."1464
[SO|cleanliness classes are retained with minor revisions. Table 1 defines the particle conce
var
at ¢
of t
maq
ulty

arious particle sizes for intermediate classes. The use of these tables|ensures bettej
he appropriate particle-size ranges for the different classes. This part of ISO 14644
roparticle descriptor concept; however, consideration of nano-scale-particles (formerly
afine particles) will be addressed in a separate standard.

The
the
on

wit]
indd
arei
No

clea

most significant change is the adoption of a more consistentstatistical approach to the s¢
number of sampling locations; and the evaluation of the data collected. The statistical mo

hout replacement from a finite population. The new~approach allows each location to
bpendently with at least a 95 % level of confidence that at least 90 % of the cleanroom or
s will comply with the maximum particle concentration limit for the target class of air

hssumptions are made regarding the distribution of the actual particle counts over the

nroom or clean zone; while in ISO 14644151999 an underlying assumption was that {
coupts follow the same normal distribution-across the room, this assumption has now beer
to alllow the sampling to be used in rooms where the particle counts vary in a more complex
the process of revision it has been recaeghized that the 95 % UCL was neither appropriate nor ¥
conpistently in [SO 14644-1:1999. The minimum number of sampling locations required has be
compared with ISO 14644-1:1999, Areference table, Table A.1, is provided to define the minim
of sampling locations required based on a practical adaptation of the sampling model tec
assfimption is made that the area immediately surrounding each sampling location has a ho
particle concentration. The,cleanroom or clean zone area is divided up into a grid of sections of
areq, whose number is“equal to the number of sampling locations derived from Table A.1.

locdtion is placed within each grid section, so as to be representative of that grid section.

It iy
locd
and|
locs

assumed for{practical purposes that the locations are chosen representatively; a “repr
tion (see’A¥4.2) means that features such as cleanroom or clean zone layout, equipment
airflow~systems should be considered when selecting sampling locations. Additiong
tions\may be added to the minimum number of sampling locations.
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The revised version of this part of ISO 14644 addresses the = 5 pm particle limits for ISO Class
5 in the sterile products annexes of the EU, PIC/S and WHO GMPs by way of an adaptation of the
macroparticle concept.

The revised version of this part of ISO 14644 now includes all matters related to classification of air
cleanliness by particle concentration. The revised version of ISO 14644-2:2015 now deals exclusively
with the monitoring of air cleanliness by particle concentration.

Cleanrooms may also be characterized by attributes in addition to the classification of air cleanliness by
particle concentration. Other attributes, such as air cleanliness in terms of chemical concentration, may
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be monitored and the attribute’s grade or level may be designated along with the classification of the ISO
Class of cleanliness. These additional attributes do not suffice alone to classify a cleanroom or clean zone.
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Cleanrooms and associated controlled environments —

Part 1:
Classification of air cleanliness by particle concentration

1 |Scope

Thig part of ISO 14644 specifies the classification of air cleanliness in terms of concentration pf airborne
particles in cleanrooms and clean zones; and separative devices as defined in [SO 14644-7.

Only particle populations having cumulative distributions based on threshpld<(lower limfit) particle
sizgs ranging from 0,1 um to 5 pm are considered for classification purposes:

The use of light scattering (discrete) airborne particle counters (LSAPC) is the basis for determination
of the concentration of airborne particles, equal to and greater than\the specified sizes, at designated
sanjpling locations.

This part of ISO 14644 does not provide for classification of particle populations that are putside the
spefified lower threshold particle-size range, 0,1 um to .5“im. Concentrations of ultrafine particles
(particles smaller than 0,1 um) will be addressed in a separate standard to specify air [leanliness
by hano-scale particles. An M descriptor (see Annex ‘C) may be used to quantify poppulations of
madroparticles (particles larger than 5 pm).

Thif part of ISO 14644 cannot be used to characterize the physical, chemical, radiologicall, viable or
other nature of airborne particles.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest editiofi of'the referenced document (including any amendments) appligs.
[SO(14644-2:2015, Cleanrooms and associated controlled environments — Part 2: Monitoring to provide
evidence of cleanroom-pérformance related to air cleanliness by particle concentration

1S0|14644-7, Cleanrooms and associated controlled environments — Part 7: Separative devicgs (clean air
hootls, glovebeX€s, isolators and mini-environments)

3 |Terms and definitions

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

3.1 General

3.1.1

cleanroom

room within which the number concentration of airborne particles is controlled and classified, and
which is designed, constructed and operated in a manner to control the introduction, generation and
retention of particles inside the room

Note 1 to entry: The class of airborne particle concentration is specified.

© ISO 2015 - All rights reserved
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Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in the
air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be

specified an

d controlled.

Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,
humidity, pressure, vibration and electrostatic.

3.1.2

clean zone
defined space within which the number concentration of airborne particles is controlled and classified,
and which is constructed and operated in a manner to control the introduction, generation and retention

of contami
Note1toe

Note 2to e
air, and also|
specified an

Note 3 to en
device. Such

Note 4 to €
humidity, pt1

3.1.3
installatidg
cleanroom
services ar

3.14
classificat|
method of

Note 1 to e
concentrati

3.2 Airborne particles

3.2.1
particle
minute pie

3.2.2

particle si
diameter o
to the resp

|

:

Tants Tside thespace

ry: The class of airborne particle concentration is specified.

ry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations ir
surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might alsg

d controlled.

try: A clean zone(s) can be a defined space within a cleanroom or might be-achieved by a separa
a device can be located inside or outside a cleanroom.

ntry: Other relevant physical parameters might also be controlled-as required, e.g. temperat
essure, vibration and electrostatic.

n
or one or more clean zones, together with all associated structures, air-treatment syste
d utilities

ion
hssessing level of cleanliness against aspecification for a cleanroom or clean zone

ntry: Levels should be expressed interms of an ISO Class, which represents maximum allow]
ns of particles in a unit volume of airy

Ce of matter with-defined physical boundaries

e

pnsé produced by the particle being measured

the
o be

tive

ure,

ms,

able

a spherethat produces a response, by a given particle-sizing instrument, that is equivalent

Note 1 to en

3.2.3

s L p 4 faala Lol e : 3 £ o tl H 1 4 3 1 ds + 3 |
ty. Ul uistitit partititc llsllt oLdlllTl llls IIISTIUIIITIILS, LT TUHUIVAITIIt Uptital UldllititTl 15 UstTU.

particle concentration
number of individual particles per unit volume of air

3.2.4

particle size distribution
cumulative distribution of particle concentration as a function of particle size

3.2.5

macroparticle
particle with an equivalent diameter greater than 5 pum
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3.2.6

M descriptor

designation for measured or specified concentration of macroparticles per cubic metre of air, expressed
in terms of the equivalent diameter that is characteristic of the measurement method used

Note 1 to entry: The M descriptor can be regarded as an upper limit for the averages at sampling locations.
M descriptors cannot be used to define ISO Classes, but the M descriptor may be quoted independently or in
conjunction with ISO Classes.

3.2.7

unidirectional airflow
confrolled airflow through the entire cross-section of a cleanrooim or a clean zone with a steddy velocity
and|airstreams that are considered to be parallel

3.2)8
nor-undirectional airflow
air flistribution where the supply air entering the cleanroom or clean zone mixes with the Internal air
by means of induction

3.3| Occupancy states

3.311
as-built
conflition where the cleanroom or clean zone is complete with“all services connected and functioning
but{with no equipment, furniture, materials or personnel present

3.3)2
at-nest
confition where the cleanroom or clean zone is ¢omplete with equipment installed and opg¢rating in a
mamner agreed upon, but with no personnel present

3.3{3

operational
agreed condition where the cleanroom or clean zone is functioning in the specified mgnner, with
equlipment operating and with the‘specified number of personnel present

3.4| Testing instrumentation (see Annex F)

3.4
resplution
smdllest change if a quantity being measured that causes a perceptible change in the corfesponding
indjcation

Not¢ 1 to entry? Resolution can depend on, for example, noise (internal or external) or friction. It mayjalso depend
on the value-of a quantity being measured.

[SOUREE: ISO/IEC Guide 99:2007, 4.14]

3.4.2

maximum permissible measurement error

extreme value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given measurement, measuring instrument, or measuring system

Note 1 to entry: Usually, the term “maximum permissible errors” or “limits of error” is used where there are two
extreme values.

Note 2 to entry: The term “tolerance” should not be used to designate “maximum permissible error”.

[SOURCE: ISO/IEC Guide 99:2007, 4.26]
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3.5

3.5.1
LSAPC

Instrument specifications

light scattering airborne particle counter
light scattering discrete airborne particle counter
instrument capable of counting and sizing single airborne particles and reporting size data in terms of

equivalent

Note 1 to en

optical diameter

try: The specifications for the LSAPC are given in [SO 21501-4:2007.

3.5.2
discrete-
instrumen

Note 1 to enftry: See Table F.1 for specifications.

3.5.3

time-of-flight particle sizing apparatus

discrete-pa
measuring

Note 1 to e
velocity chd

Note 2 to enftry: See Table F.2 for specifications.

4 Class

4.1 Occypancy state(s)

The air cle:
one or mor

4.2 Part

One, or mo
25 um are

4.3 1ISO

Air cleanlin
permitted

Particle nu|

nlnacroparticle counter

capable of counting and sizing single airborne macroparticles

rticle counting and sizing apparatus that defines the aerodynamic diameter of particle
the time for a particle to accommodate to a change in air velocity

ntry: This is usually done by measuring the particle transit titne-optically after a fluid str
nge.

ification

inliness class by particle concentratidn of air in a cleanroom or clean zone shall be define
e of three occupancy states, viz. “as:built,” “at-rest” or “operational” (see 3.3).

icle size(s)

Fo be used to determineg air cleanliness particle concentration for classification.

Class number

foncentiration of particles for each considered particle size is determined from Table 1.

mber concentrations for different threshold sizes in Table 1 do not reflect actual particle

by

eam

d in

re than one, threshold (lower limit) particle sizes situated within the range from 20,1 pin to

ess class by\particle concentration shall be designated by an ISO Class number, N. The maxinjum

Kize

and numb

r distribution in the air and serve as criteria for classification only. Examples of classifica

10n

calculation

s are included in Annex B.
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ISO Class number | Maximum allowable concentrations (particles/m3) for particles equal to and greater
N) than the considered sizes, shown belowa
0,1 um 0,2 pm 0,3 um 0,5 um 1um 5um
1 100 d d d d e
2 100 24b 10b d d e
3 1000 237 102 35b d e
4 10 000 2370 1020 352 83b e
5 100 000 23700 10 200 3520 832 def
6 1000000 237 000 102 000 35200 8320 293
7 ¢ c ¢ 352000 83 200 2930
8 ¢ c ¢ 3520000 8321000 29 300
98 ¢ c c 35200000 8320 000 293 000

All concentrations in the table are cumulative, e.g. for ISO Class 5, the 10 200 particles shown at 0,3 p

m include all

particles equal to and greater than this size.
b [These concentrations will lead to large air sample volumes for classification. Sequential sampling procedure may be
applied; see Annex D.
¢ [Concentration limits are not applicable in this region of the table due to Very high particle concentration.
d  [Sampling and statistical limitations for particles in low concentrations make classification inappropriate.
e [Sample collection limitations for both particles in low concenttations and sizes greater than 1 um make ¢lassification
at this particle size inappropriate, due to potential particle losse§in the sampling system.
f|In order to specify this particle size in association with ISO-Class 5, the macroparticle descriptor M may beladapted and
usedl in conjunction with at least one other particle size. (See'C.7.)
& |This class is only applicable for the in-operation state.
4.4| Designation
The designation of airborne particle concentration for cleanrooms and clean zones shall include
a) [the ISO Class number, expressed as “ISO Class N”,
b) [the occupancy state(to, which the classification applies, and
c) [the considered particle size(s).
If measurementsre to be made at more than one considered particle size, each larger particle diameter
(e.g} D2) shall'be at least 1,5 times the next smaller particle diameter (e.g. D1),i.e. D2 =2 1,5 x [D1.
EXAMPLE~" ISO Class number; occupancy state; considered particle size(s)
ISO Class A.; atrest; n,') Hm, n": Hm
4.5 Intermediate decimal cleanliness classes and particle size thresholds

Where intermediate classes, or intermediate particle size thresholds for integer and intermediate
classes are required, refer to informative Annex E.

© ISO 2015 - All rights reserved
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5 Demonstration of compliance

5.1 Prin

ciple

Compliance with air cleanliness (ISO Class) requirements specified by the customer is verified
by performing specified testing procedures and by providing documentation of the results and

conditions

of testing.

At-rest or operational classification may be performed periodically based upon risk assessment of the

application

, typically on an annual basis.

For monito

NOTE \
of air clean
intervals bd
the specifie

5.2 Testi

The refere
methods o
alternative

Tests perf
compliancg

5.3 Airborne particle concentration evaluation

Upon comy
number of]
exceed the
considered
shall be ay
Table 1 or]

ring cleanrooms, clean zones and separative devices, ISO 14644-2:2015 shall be used.

Vhere the installation is equipped with instrumentation for continuous or frequent(mpnito
liness by particle concentration and other parameters of performance as applicdble, the {
tween classification may be extended provided that the results of the monitoringremain wi
d limits.

ing

hce test method for demonstrating compliance is given in AnnekX A (normative). Altern
" instrumentation (or both), having at least comparable performance, may be specified.
is specified or agreed upon, the reference method shall beused.

brmed to demonstrate compliance shall be conducted using instruments which ar
with calibration requirements at the time of testing:

letion of testing in accordance with Annex'A, the concentration of particles (expresse
particles per cubic metre) in a single sample volume at each sampling location shall
concentration limit(s) given in Table!d or Table E.1 for intermediate decimal classes for
size(s). If multiple single sample volumes are taken at a sampling location, the concentrat
eraged and the average concentration must not exceed the concentration limits give
[able E 1. Intermediate particle Sizes shall be derived from Formula (E.1).

Particle co
the same

5.4 Test

The result

lethod for all considefed particle sizes.

report

s from teSting each cleanroom or clean zone shall be recorded and submitted 2
sive report, along with a statement of compliance or non-compliance with the speci
1 of aircleanliness class by particle concentration.

ring
ime

lthin

ive
f no

in

1 as
not
the
ons
h in

hcentrations used for determination of compliance with ISO Classes shall be measured by

s a
fied

port shall include

the number and year of publication of this part of ISO 14644, i.e. SO 14644-1:2015,

the name and address of the testing organization, and the date on which the test was performed,

a clear identification of the physical location of the cleanroom or clean zone tested (including

reference to adjacent areas if necessary), and specific designations for coordinates of all sampling

ns (a diagrammatic representation can be helpful),

evant occupancy state(s), and the considered particle size(s),

the specified designation criteria for the cleanroom or clean zone, including the ISO Class number,

details of the test method used, with any special conditions relating to the test, or departures from

the test method, and identification of the test instrument and its current calibration certificate, and

comprehen
designatiol
The testre
a)
b)
<)

locatio
d)

the rel
e)
6
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f) the testresults, including particle concentration data for all sampling locations.

If concentrations of macroparticles are quantified, as described in Annex C, the relevant information
should be included with the test report.

© IS0 2015 - All rights reserved 7
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Annex A
(normative)

Reference method for classification of air cleanliness by particle

A.1 Prin

A discrete-

A.2 App

A.2.1 Pa

The instru
in air with
particle siZ

NOTE
cleanliness

I

A.2.2 Ins

The particl
should be |

q

J

NOTE
case, record

A.3 Prej

Prior to te
integrity a

Care shoul
performan

concentration

Iciple

aratus requirements

rticle-counting instrument

a size discrimination capability to detect the total particle.concentration in the appropr
e ranges for the class under consideration.

ight scattering (discrete) airborne particle counters (LSAPC) are commonly used for undertakin
Classification.

trument calibration

e counter shall have a valid calibration.eertificate: the frequency and method of calibra
ased upon current accepted practiceas specified in ISO 21501-4.[1]

ome particle counters cannot be calibrated to all of the required tests in ISO 21501-4. If this is
the decision to use the countertin the test report.

paration for partiele’count testing

5ting, verify thatall'relevant aspects of the cleanroom or clean zone that contribute t
e complete and functioning in accordance with its performance specification.

ce. SO, 14644-3, Annex A provides a checklist.

A.4 Estag

A4.1 De

particle-counting instrument is used to determine the concentration of airborne'parti¢
equal to anld greater than the specified sizes, at designated sampling locations.

—

es,

ment shall have a means of displaying or recording the count and size of discrete particles

iate

> air

tion

the

its

d be taken when determining the sequence for performing supporting tests for cleanrgom

blishment of sampling locations

riving the number of sampling locations

Derive the minimum number of sampling locations, Ny, from Table A.1. Table A.1 provides the number
of sampling locations related to the area of each cleanroom or clean zone to be classified and provides
at least 95 % confidence that at least 90 % of the cleanroom or clean zone area does not exceed the
class limits.
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Table A.1 — Sampling locations related to cleanroom area

Area of cleanroom (m?2) Minimum number of sampling
less than or equal to locations to be tested (N1)
2 1
4 2
6 3
8 4
10 5
24 6
28 7
32 8
36 9
52 10
56 11
64 12
68 13
72 14
76 15
104 16
108 17
116 18
148 19
156 20
192 21
232 22
276 23
352 24
436 25
636 26
1000 27
>1000 See Formula (A.1)
NOTE 1 If the considered area falls between two values in the table, the greater of the two
should be selected.
NOT.E 2 ln‘ the case of unidirec:c.ion‘al airf}ow:.the area may l.)e"cons'ide}“ed as the cross
sectiomrof themmovingair perpemdicutartothedirectiomrof theairflow-hrattothercases the
area may be considered as the horizontal plan area of the cleanroom or clean zone.

A.4.2 Positioning the sampling locations

In order to position the sampling locations

a) use the minimum number of sampling locations N, derived from Table A.1,
b) then divide the whole cleanroom or clean zone into Ny, sections of equal area,

c) selectwithin each section a sampling location considered to be representative of the characteristics
of the section, and

© IS0 2015 - All rights reserved 9
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d) at each location, position the particle counter probe in the plane of the work activity or another
specified point.

Additional sampling locations may be selected for locations considered critical. Their number and
positions shall also be agreed and specified.

Additional sections and associated sampling locations may be included to facilitate subdivision into
equal sections.

For non-unidirectional airflow cleanrooms or clean zones, locations may not be representative if they
are located directly beneath non-diffused supply air sources.

A.4.3 Sampling locations for large cleanrooms or clean zones

When the grea of the cleanroom or clean zone is greater than 1 000 m2, apply Formula (A.1) to détermine
the minim@im number of sampling locations required.

A

1000

N, =2 x

= 1)

where

Np, is|the minimum number of sampling locations to be evaluated; rounded up to the next whole
nymber;

A is|the area of the cleanroom in m2.

A.4.4 Establishment of single sample volume and sampling time per location

At each sampling location, sample a volume of air\stifficient to detect a minimum of 20 particles
if the particle concentration for the largest selected particle size were at the class limit for|the
designated ISO Class.

The single sample volume, Vs, per samplinglocation is determined by using Formula (A.2):

R0

%1000 (A.2)

n,m

where
Vs 1s the minimum $ingle sample volume per location, expressed in litres (except see Annex D);

Cn,m 1s the classimit (number of particles per cubic metre) for the largest considered particle
bize specified for the relevant class;

20 sihe number of particles that could be counted if the particle concentration were at the

:]'JCC limit

The volume sampled at each location shall be at least 2 1, with a minimum sampling time of 1 min for
each sample at each location. Each single sample volume at each sampling location shall be the same.

When Vs is very large, the time required for sampling can be substantial. By using the optional
sequential sampling procedure (see Annex D), both the required sample volume and the time required
to obtain samples may be reduced.

A.5 Sampling procedure

A.5.1 Setup the particle counter (see A.2) in accordance with the manufacturer’s instructions including
performing a zero count check.
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A.5.2 The sampling probe shall be positioned pointing into the airflow. If the direction of the airflow
being sampled is not controlled or predictable (e.g. non-unidirectional airflow), the inlet of the sampling
probe shall be directed vertically upward.

A.5.3 Ensure normal conditions for the selected occupancy state are established before sampling.

A.5.4 Sample the volume of air determined in A.4.4, as a minimum, for each sample at each
sampling location.

A.SWWMMWMMM@MWermnw,
then that count can be discarded and noted as such on the test report and a new sample taken.

A.5/6 If an out-of-specification count found at a location is attributed to a technieal failure of the
cleanroom or equipment, then the cause should be identified, remedial action taken anf retesting
performed of the failed sampling location, the immediate surrounding locations \and any oth¢r locations
affected. The choice shall be clearly documented and justified.

A.q Processing of results

A.6l1 Recording of results

Recprd the result of each sample measurement as the number of particles in each single samlple volume
at epch of the considered particle size(s) appropriate to the relevant ISO Class of air cleanlingss.

NOTE For particle counters with a concentration:€alculation mode, the manual evaluation jmay not be
nece¢ssary.

A.6]1.1 Average concentration of particles at each sampling location

When two or more single sample volumes are taken at a location, calculate and record the average
nunhber of particles per location at/each considered particle size from the individual samjple particle
confentrations, according to Formula'(A.3).

_ X +X.,+..X;
= i.l i.2 i.n ] (A.3)
n
whgre
X, iSthe average number of particles at location i, representing any location;
X;1 texin, arethe number of particles in individual samples;
n is the number of samples taken at location i.
A.6.1.2 Calculate the concentration per cubic metre
X, x1000
c,=——— (A4)
Vt
where
Ci is the concentration of particles per cubic metre;
X. is the average number of particles at location i, representing each location;

1
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Vi is the selected single sample volume in litres.

A.6.2 Interpretation of results

A.6.2.1 C(Classification requirements

The cleanroom or clean zone is deemed to have met the specified air cleanliness classification
requirements if the average of the particle concentrations (expressed as number of particles per cubic
metre) measured at each of the sampling locations does not exceed the concentration limits determined
from Table 1.

If intermediate classes or particle sizes are used, as defined in Annex E, appropriate limits derived-from
Table E.1 of Formula (E.1) should be used.

A.6.2.2 (Qut-of-specification result

In the event of an out-of-specification count, an investigation shall be undertakenxThe result of|the
investigatipn and remedial action shall be noted in the test report (see 5.4).
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Annex B
(informative)

Examples of classification calculations

B.1Example 1

B.1j1 A cleanroom has a floor area of 18 m2 and is specified to be ISO Class 5 in_opefation. The
clagsification is to be performed using a discrete-particle counter having a flow rate of 28,3 I per minute.
Two particle sizes are considered: D = 0,3 um and D = 0,5 pm.

The number of sampling locations, Ny, is determined to be six, based on Table. A'1.

B.1{2 The particle concentration limits for ISO Class 5 are taken from¢Table 1:

Cn (=2 0,3 um) = 10 200 particles/m3

Cn (= 0,5 um) = 3 520 particles/m3

B.1]3 The required single sample volume can be calculated from Formula (A.2) as follows:

v, =|-2% |« 1000
n,m

v, = |22 | %1000
3520

V, = (0,00568)x 1000
V, = 5,68litres

The single sample-volume has been calculated to be 5,68 1. As the LSAPC being used for this test had
a flpw rate of\28,3 litres per minute, a 1-min single sample count would be required (see|A.4.4) and
therefore 28;3'1 would be sampled for each single sample volume.

NOTE In A.4.4, the minimum sample volume for the procedure is set by calculating the minihum sample
volume“as shown above and then dpfprmining the Qnmplr—\ volime obtained for the npprnfinn of the partic]e
counter in the time period of 1 min. The sampling at each position must occur for at least 1 min; if the minimum
sample volume as calculated is satisfied within the 1-min period, then the sampling process can be stopped at the
end of 1 min. If the calculated minimum volume cannot be obtained within the 1-min period with the flow rate of
the instrument to be used, then the sampling must continue for a longer time period until at least the minimum
sample volume has been obtained. Because there are several possible flow rates for particle counters, users are
cautioned to verify the flow rate of the specific instrument(s) to be used when determining the sampling time
needed to satisfy both the 1-min requirement and the calculated minimum sample volume.

B.1.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, Xi, is calculated for each location and each particle size as shown in Tables B.1 and B.2.
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Table B.1 — Sampling data for particles =2 0,3 pm

Sampling Sample 1 Location sample | Location concentration | ISO Class 5 limit | Pass/fail
location xi=20,3 pum average average for 0,3 pm
(counts per (counts per (counts per m3 = particle size
28,31) 28,31) location average x 35,3)
1 245 245 8 649 10 200 Pass
2 185 185 6531 10 200 Pass
3 59 59 2083 10 200 Pass
4 106 106 3742 10200 Pas
5 164 164 5789 10 200 Rds§
6 196 196 6919 10 200 Pass
Table B.2 — Sampling data for particles = 0,5 pm
Sampling Sample 1 Location sample | Location concentration | ISO Class5limit | Pass/fhil
location xi 20,5 pm average average for 0,5 pm
(counts per (counts per (counts per m3 = particle size
28,31) 28,31) location average x 35,3)
1 21 21 741 3520 Pass
2 24 24 847 3520 Pass
3 0 0 0 3520 Pass
4 7 7 247 3520 Pass
5 22 22 77 3520 Pass
6 25 25 883 3520 Pass
B.1.5 Eagh value of the concentration for D =.0,3"um is less than the limit of 10 200 particles/m3 jand
D = 0,5 um s less than the limit of 3 520 particlésym3 as established in B.1.2; therefore, the air cleanliness
by particle|concentration of the cleanroom meets the required ISO Class.
B.2 Example 2
B.2.1 A ¢leanroom has a flooi” area of 9 m2 and is specified to be ISO Class 3 in operation. [The
classificatign is to be performed using a discrete-particle counter having a flow rate of 50,0 1 per minjute.
Only one particle size (D-2.0,1 um) is considered.
The numbédr of sampling locations, Ny, is determined to be five, based on Table A.1.
B.2.2 The pafrticle concentration limit for ISO Class 3 at = 0,1 pm is taken from Table 1:
Cp (2 0,T um) =T 000 particles/m3

B.2.3 The required single sample volume can be calculated from Formula (A.2) as follows:

v, =|-2% |« 1000
n,m

=122 | 1000
1000

14
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v, =(0,02)x1000

V, = 20,0litres
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The single sample volume has been calculated to be 20,0 1. As the discrete-particle counter being used
for this test had a flow rate of 50,0 | per minute, a 1-min single sample count would be required (see
A.4.4) and therefore 50,0 l would be sampled for each single sample volume.

metre, x;, is calculated for each location and recorded in Table B.3.

Table B.3 — Sampling data for particles = 0,1 pm

s per cubic

Sdmpling Sample 1 Location sample | Location concentration | ISO Class 3 limit | Pass/fail
lgcation xi2 0,1 pm average average for = 0,1 pm
(counts per |(counts per 50,01) (counts per m3 = particle size
50,01) location average x 20)
1 46 46 920 1000 Pass
2 47 47 940 1000 Pass
3 46 46 920 1000 Pass
4 44 44 880 1000 Pass
5 9 9 180 1000 Pass
B.2{5 Each value of the concentration for D 20,1 pm is less than the limit of 1 000 particles/m3
estgblished in Table 1; therefore, the air cleanlingss by particle concentration of the cleanroom meets the
required ISO Class.
B.3 Example 3
B.3]1 A cleanroom has a floortarea of 64 m?2 and is specified ISO Class 5 in operation. The clpssification
is tg be performed using a,discrete-particle counter having a flow rate of 28,3 1 per minute. Only one
particle size (D = 0,5 pm).is considered.
The number of sampling’locations, Ny, is determined to be 12, based on Table A.1.
B.3{2 The particle concentration limit for ISO Class 5 at =2 0,5 um is taken from Table 1:
Cn (= 0,5:vm) = 3 520 particles/m3
B-3-3 ThC lC\.iuil Cd oius}c Dclllll.)}C vuluuuc cdall bC \.a}\.u}atcd fl UIll FUI ulu}a (A.Z) adS fU]l}UVVD.
v, =| 22 [x1000
n,m
v, =22 |x 1000
3520
v, = (0,005 68) %1000
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V, =5,68litres

The single sample volume has been calculated to be 5,68 1. As the discrete-particle counter used for this
test had a flow rate of 28,3 | per minute, a 1-min single sample count would be required (see A.4.4) and
therefore 28,3 1 would be sampled for each single sample volume.

B.3.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, X;, is calculated for each location and recorded in Table B.4.

1able b.4 — Sampling data for particles =2 U,o pLm

Sampling Sample 1 Location sample | Location concentration | ISO Class 5 limit | Pass/fail
location xi20,5 pm average average for 0,5 pm
concentration | (counts per m3 = location | particle size
(counts per average x 35,3)
28,31)
1 35 35 1236 3520 Pass
2 22 22 777 3’520 Pass
3 89 89 3142 3520 Pass
4 49 49 1730 3520 Pass
5 10 10 353 3520 Pass
6 60 60 2118 3520 Pass
7 18 18 635 3520 Pass|
8 44 44 1553 3520 Pass
9 59 59 2083 3520 Pass
10 51 51 1800 3520 Pass
11 6 6 212 3520 Pass
12 31 31 1094 3520 Pass

B.3.5 Eagh value of the concentratign for D = 0,5 pm is less than the limit of 3 520 particlesfm3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meetd the
required IS0 Class.

B.4 Example 4

B.4.1 A dleanroom/has a floor area of 25 m2 and is specified to be ISO Class 5 in operation. [The
classificatign is to-be performed using a discrete-particle counter having a flow rate of 28,3 | per minjute.
Only one particle'size (D 2 0,5 um) is considered.

The minimum number of sampling locations from Table A.1 is 7.

B.4.2 The particle concentration limit for ISO Class 5 at = 0,5 pm is obtained from Table 1 as follows:

Cn (= 0,5 um) = 3 520 particles/m3

B.4.3 The required single sample volume can be calculated from Formula (A.2) as follows:

20

V.=|——

S

x 1000

n,m
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v, = 20
3520

V, = (0,00568)x1000

]xlOOO

V, = 5,68litres

The single sample volume has been calculated to be 5,68 1. As the discrete-particle counter being used

for ghistesthad-aflowrate-of 283 perminuteat-min-single-samplecountworld-berequired (see
A.444) and therefore 28,3 1 would be sampled for each single sample volume.
B.4/4 The number of sampling locations required from Table A.1 is 7, however, jthis"example shows
that the customer and supplier have agreed to add an additional 3 locations, making 10 in toftal. At each
sanipling location the number of single sample volumes varies from 1 to 3.
B.4{5 For recording purposes, the number of particles (concentration) per cubic metre, x;, i§ calculated
frorh the average count per unit volume (28,3 1) at each location (28,3.X-35,3) as in Table B.5.
Table B.5 — Sampling data for particles = 0.5 pm
Sampling | Sample 1 Sample 2 Sample 3 | Location Location ISO Class | Pass/fail
logation | x;20,5pm | x;20,5pum | x;20,5um | sample concentration 5 limit
(counts per (counts per | (counts per | average average for 2 0,5 pm
p 28,31) 28,31) (counts (counts per particle size
28,31) -~ ,
per m3 =location
28,31) average x 35,3)
1 47 57 52 1836 3520 Pass
2 12 12 424 3520 Pass
3 162 78 32 91 3201 3520 Pass
4 148 74 132 118 4165 3520 Fail
5 1 0] 0,5 18 3520 Pass
6 19 22 17 19 682 3520 Pass
7 5 15 3 8 271 3520 Pass
8 38 21 30 1041 3520 Pass
9 54 159 78 97 3424 3520 Pass
10 48 62 53 54 1918 3520 Pass
B.4]6 <At sampling location 4, the average sample volume concentration of 4 165 does ndt meet ISO
Clags“5 maximum particle count criteria of 3 520. At location 3 and location 9, one of thq individual

particle count concentrations does not meet the limit established in Table 1; however, the average particle
concentration for location 3 and the average particle concentration for location 9 do meet the limit
established in Table 1. Because location 4 does not meet the air cleanliness by particle concentration, the
cleanroom does not meet the required ISO Class.

B.5 Example 5

B.5.1 A cleanroom has a floor area of 10,7 m2 and is specified to be ISO Class 7,5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 litres per
minute. Only one particle size (D = 0,5 pm) is considered.

The number of sampling locations is determined to be 6, based on Table A.1.
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B.5.2 The particle concentration limit for ISO Class 7,5 at =2 0,5 um is obtained from Table E.1.

C,(>0

C,(>0
C,(>0

€, (>0

B.5.3 The required single sample volume can be calculated from Formula (A.2) as follows:

v, =| 42 [x1000
n,m
20 .
V. =14 x 1000 = 0,01799 litres
1112000
The single[sample volume has been calculated to be 0,01799 1. As‘the discrete-particle counter b

used for tHis test had a flow rate of 28,3 | per minute, a 1-min single sample count would be requ

(see A.4.4)

B.5.4 At
of particles

2,08
7Sle):10N>< %] where N =7,5and D = 0,5pm

2,08
g]

,Sum) — 1075 x[o -

75um) — 31622777 % 0,03516757

SMm) = 1112096 rounded to three significant digits = 1110000 particles/m3

and therefore 28,3 1 would be sampled for each single sample volume.

ach sampling location the number of single‘'sample volumes varies from 1 to 3. The nun
per cubic metre, x;, is calculated for each.Jocation and recorded in Table B.6.

Table B.6 — Sampling data for particles 2 0,5 pm

Ping
red

ber

Sampling| | Sample 1 Sample 2 Sample 3 Location Location ISO Class | Pass/
location xi20,5um | x;2 0,5 pm\x; 20,5 pm sample Con::::;a;mn 7,5 limit for fajl
(counts per | (counts per | (counts per | average (countsg er 0,5 um
28,3 1) 28,31) 28,3 1) (counts 5ol pe particle
er 28,31) m- = location size
p ’ average x 35,3)
1 11 679 11 679 412 269 1110000 Pass
2 9 045 9 045 319 289 1110000 Pags
3 12 699 12 699 448 275 1110000 Pass
4 26232 27 555 34 632 29 473 1040 397 1110 000 Pass
5 7 839 7 839 276 717 1110000 Pags
6 13 669 13 669 482 516 1110000 Pass

B.5.5 At sampling location 4, the third sample volume concentration of 1 222 507 (34 632 x 35,3) did
not meet the ISO Class 7,5 maximum particle count criteria of 1 110 000. The concentration of each single
sample volume does not meet the limit established by using Table E.1; however, the average particle
concentration for each of the sampling locations does meet the limit established by application of Table E.1.
Therefore, the air cleanliness by particle concentration of the cleanroom meets the required ISO Class.

18
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Example 6

B.6.1 A cleanroom has a floor area of 2 100 m2 and is specified to be ISO Class 7 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 litres per
minute. Only one particle size (D = 0,5 pm) is considered.

The number of sampling locations, Ny, given by Table A.1 is limited to cleanrooms of 1 000 m? area.

For a cleanroom of 2 100 m2, the number of sampling locations, N, is derived from Formula (A.1):

( o )

B.6

B.6

The
use
(sed

B.6

metre, x;, is calculated.-for each location and recorded in Table B.7.

2100 x| ———| = 56,7 rounded to 57
1000

2 The particle concentration limit for ISO Class 7 at = 0,5 um is taken from Table 1:

Cn (= 0,5 um) = 352 000 particles/m3

3 The required single sample volume can be calculated from Forrwula (A.2) as follows:
vV, = 20 1x1000
n,m

v, =|—22_|x1000
352000

V, = (0,0000568)x 1000
V. =0,0568litres

single sample volume has beenalculated to be 0,0568 l. As the discrete-particle cot
 for this test had a flow raterof 28,3 | per minute, a 1-min single sample count would 4
A.4.4) and therefore 28,31 would be sampled for each single sample volume.

4 At each sampling-ocation only one sample volume is taken. The number of particle

nter being
e required

s per cubic

©IS
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Table B.7 — Sampling data for particles = 0,5 pm

Sampling Sample 1 Location sample Location concentration |ISO Class 7 limit | Pass/fail
location Xxi=0,5 um average (counts per average for 9,5 pm
(counts per 28,31) (counts per m3 = location particle size
28,31) average x 35,3)
1 5678 5678 200 434 352 000 Pass
2 7 654 7 654 270 187 352 000 Pass
3 2398 2398 84 650 352 000 Pass
4 7578 7578 161604 352000 Pas}
5 8765 8765 309 405 352000 | /sy
6 4877 4877 172 159 352000 || Pas}
7 8723 8723 307 922 352000« | Pas}
8 7 632 7 632 269 410 352,000 Pas$
9 7 643 7 643 269 798 352000 Pas$
10 6756 6756 238 487 5352000 Pas$
11 5678 5678 200 434 A4 352000 Pas$
12 5 476 5 476 193303 ¢ 352 000 Pas$
13 8576 8576 302733 0 352 000 Pas$
14 7765 7765 274 105" 352 000 Pas$
15 3456 3456 121997 352000 Pas$
16 5888 5 888 1207 847 352 000 Pas$
17 3 459 3459 9 122103 352 000 Pas$
18 7 666 7 666 O 270610 352 000 Pas$
19 8567 8567 . O 302 416 352 000 Pas$
20 8345 8345 ()" 294579 352 000 Pas§
21 7998 7998, * 282 330 352 000 Pas$
22 7 665 7665 270 575 352 000 Pas}
23 7789 7789 274952 352 000 Pas$
24 8446 |\ gase 298 144 352 000 Pas}
25 8335 (- 8335 294 226 352 000 Pas}
26 7988.% 7988 281977 352 000 Pas$
27 7823 7823 276 152 352 000 Pas}
28 L \ron 7911 279 259 352 000 Pas}
29 [ 7683 7 683 271 210 352 000 Pas$
30 7935 7935 280 106 352 000 Pass
31 6534 6534 230 651 352 000 Pass
32 4667 4667 164 746 352 000 Pass
33 6565 6565 231745 352 000 Pass
34 8771 8771 309 617 352 000 Pass
35 5076 5076 179 183 352 000 Pass
36 6678 6678 235734 352 000 Pass
37 7100 7100 250 630 352 000 Pass
38 8603 8603 303 686 352 000 Pass
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Table B.7 (continued)
Sampling Sample 1 Location sample Location concentration |ISO Class 7 limit | Pass/fail
location average (counts per average for 0,5 pm
xi2 0,5 pm . .
(counts per 28,31) (counts per m3 = location particle size
28,31) average x 35,3)

39 7 609 7 609 268 598 352 000 Pass

40 7 956 7 956 280 847 352000 Pass

41 7477 7477 263939 352000 Pass

42 /7 145 /145 252 219 352 000 Pass

43 6998 6998 247030 352000 Pass

44 7 653 7 653 270 151 352000 Pass

45 6538 6538 230792 352 000 Pass

46 3679 3679 129 869 352000 Pass

47 4887 4 887 172 512 352000 Pass

48 7 648 7 648 269975 352 000 Pass

49 8748 8748 308 805 352000 Pass

50 7 689 7 689 271422 352 000 Pass

51 7 345 7 345 259'279 352000 Pass

52 7 888 7 888 278 447 352000 Pass

53 7 765 7 765 274 105 352000 Pass

54 6997 6997 246 995 352 000 Pass

55 6913 6913 244029 352000 Pass

56 7 474 7 474 263833 352 000 Pass

57 8776 8776 309 793 352 000 Pass
B.6/5 Each value of the concentration for D > 0,5 pum is less than the limit of 352 000 particles/m3
estgblished in Table 1; thereforé;the air cleanliness by particle concentration of the cleanroom meets the
required ISO Class.
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C.1 Prin

Annex C
(informative)

Counting and sizing of airborne macroparticles

cinle

In some si
cleanlinesq
applicable
test metho
Considerat]

C.2 Con

CTIp e

fuations, typically those related to specific process requirements, alternative levels-of
may be specified on the basis of particle populations that are not within the'size rg
bo classification. The maximum permitted concentration of such particles and the choig

air
nge
e of

d to verify compliance are matters for agreement between the customer and the supplier.

ions for test methods and prescribed formats for specification are given in@.2.

sideration of particles larger than 5 pm (macroparticles) — M descriptor

lication

C.2.1 Apf
If contamination risks caused by particles larger than 5 pm are tobe assessed, sampling devices

measuremg

bnt procedures appropriate to the specific characteristi€s.of such particles should be emplo

and
yed.

The measyrement of airborne particle concentrations with’ size distributions having a threshold

size betwe
and operat

As particle
the airborr
procedure
and aerody
put special

C22 M

The M desd
The M desq

“ISOM

where

a is

en 5 pm and 20 pm can be made in any of three-defined occupancy states: as-built, at-
ional.

liberation within the process environment normally dominates the macroparticle fractiqg
e particle population, the identification'of an appropriate sampling device and measure

ent
should be addressed on an application-specific basis. Factors such as density, shape, Vo]lIme

namic behaviour of the particles need to be taken into account. Also, it may be necessar]
emphasis on specific components of the total airborne population, such as fibres.

Hescriptor format

riptor may be specified as a complement to the air cleanliness class by particle concentrat
riptor is expressed'in the format

(a; b); c”

rest

n of

y to

ion.

L@ maximum permitted concentration of macroparticles (expressed as macroparticles

per

bic metre of air);

macroparticles (expressed in micrometres);

cu

b

c
EXAMPLE 1

on the use o

EXAMPLE 2

22

is the specified measurement method.

is the equivalent diameter (or diameters) associated with the specified method for measuring

To express an airborne concentration of 29 particles/m3 in the particle size range = 5 pm based

fan LSAPC, the designation would be: “ISO M (29; =2 5 um); LSAPC”.

To express an airborne particle concentration of 2 500 particles/m3 in the particle size range
of > 10 um based on the use of a time-of-flight aerosol particle counter to determine the aerodynamic diameter of
the particles, the designation would be: “ISO M (2 500; = 10 um); time-of-flight aerosol particle counter”.
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EXAMPLE 3  To express an airborne particle concentration of 1 000 particles/m3 in the particle size range of
10 to 20 um, based on the use of a cascade impactor followed by microscopic sizing and counting, the designation
would be: “ISO M (1 000; 10 to 20 pm); cascade impactor followed by microscopic sizing and counting”.

NOTE 1 If the population of airborne particles being sampled contains fibres, they can be accounted for by
supplementing the M descriptor with a separate descriptor for fibres, which has the format “Mgjpre (a; b); c”.

NOTE 2  Suitable methods of test for concentrations of airborne particles larger than 5 pm are given in
IEST-G-CC1003.[2]

C.3_Airbhorne particle count for macroparticles

C.3|]1 Principle

Thif test method describes the measurement of airborne particles with a threshold fize larger
thah 5 um in diameter (macroparticles). The procedure given in C.3 has been adapted fr¢m IEST-G-
CC1j003:1999.12] Measurements can be made in a cleanroom or clean zone installation in any ¢f the three
des]gnated occupancy states: as-built, at-rest or operational. The measurerhents are made tg define the
confentration of macroparticles, and the principles in 5.1, 5.2 and 5.4 may be applied. The need for
proper sample acquisition and handling to minimize losses of macroparticles in the sample handling
opefations is emphasized.

C.3|2 General

The number of sampling locations, location selection“and quantity of data required |[should be
in gccordance with A.4. The customer and supplier, should agree upon the maximum|permitted
confentration of macro-particles, the equivalent(*diameter of the particles and thg specified
megdsurement method. Other appropriate methods'of equivalent accuracy and which providelequivalent
data may be used by agreement between custdmer and supplier. If no other method has been agreed
upopn, or in case of dispute, the reference method in Annex C should be used.

C.3|13 Sample handling considerations

Cargful sample collection and handling is required when working with macroparticles. A complete
disdqussion of the requirementsfor systems, which can be used for isokinetic or anisokinetic sampling
and|particle transport to the point of measurement, is provided in IEST-G-CC1003:1999.[2]

C.3|4 Measurement methods for macroparticles

There are two general categories of macroparticle measurement methods. Comparable resujts may not
be produced if different measurement methods are used. Correlation between different m¢thods may
not|be possible’for this reason. The methods and particle size information produced by the various
methods isstunmarized in C.3.4.1 and C.3.4.2.

C.3441, " In situ measurement

Using in situ measurement of the concentration and size of macroparticles with a time-of-flight particle
counter or an LSAPC:

a) LSAPC measurement (C.4.1.2) will report macroparticles using particle size based upon an
equivalent optical diameter;

b) time-of-flight particle size measurement (C.4.1.3) will report macroparticles using particle size
based upon an aerodynamic diameter.
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C.3.4.2 Collection

Collection by filtration or inertial effects, followed by microscopic measurement of the number and size
of collected particles:

a)

size ba

b)

sed upon the agreed diameter;

using particle size based upon the choice of reported particle diameter.

filter collection and microscopic measurement (C.4.2.2) will report macroparticles using particle

cascade impactor collection and microscopic measurement (C.4.2.3) will report macroparticles

C.4 Mef

C4.1 Mg

C4.1.1 G

Macropart
measurem
through al
the particlg

C4.1.2 L

Procedure
airborne p
sensitivity
counting.

location. T
inlet probe
flow exists

A sampling
flow. If thi
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tube from
particles 14
recommen

Sampling e

The LSAP(
one size be
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hods for macroparticle measurement

croparticle measurement without particle collection

eneral

cles can be measured without collecting particles from the air. The process involves opf
bnt of the particles suspended in the air. An air sample is moved at a specific flow
LSAPC, which reports either the equivalent optical diameter or the'aerodynamic diamete
S,

ight-scattering particle counter (LSAPC) measurement

5 for macroparticle measurement using an LSAPC “are the same as those in Annex Al

irticle count with one exception. The exception istlidt the LSAPC in this case does not req
for detection of particles less than 1 um since-data are required only for macropart

[are is required to ensure that the LSAPCcsamples directly from the air at the sam

he LSAPC should have a sample flow rate-of‘at least 28,3 I/min and should be fitted wit
sized for isokinetic sampling in unidire¢tional flow zones. In areas where non-unidirecti
the LSAPC should be located with the-sample inlet facing vertically upward.

probe should be selected to permit close to isokinetic sampling in areas with unidirecti

ical
rate
r of

for
lire
icle
ing
an
bnal

nal
h of

s is not possible, set the sampling probe inlet facing into the predominant directio
; in locations where theairflow being sampled is not controlled or predictable (e.g.
nal airflow), the inlet of the sampling probe shall be directed vertically upward. The tr
the sampling probe inlet to the LSAPC sensor should be as short as possible. For samplin
rger than and equabto 1 pm, the transit tube length should not exceed the manufactuy
Hed length and diameter, and will typically be no longer than 1 m in length.

rrors due te Jarge particle loss in sampling systems should be minimised.

size rangeé settings are established so that only macroparticles are detected. The data f
low,5\fim should be recorded to ensure that the concentration of detected particles below
cle-size is not sufficiently high to cause coincidence error in the LSAPC measurement.

sit
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not

exceed 50 % of the maximum recommended particle concentration specified for the LSAPC being used.

C413 T

ime-of-flight particle size measurement

Macroparticle dimensions can be measured with time-of-flight apparatus. An air sample is drawn
into the apparatus and accelerated by expansion through a nozzle into a partial vacuum, where the
measurement region is located. Any particle in that air sample will accelerate to match the air velocity
in the measurement region. The particles’ acceleration rate will vary inversely with mass of particle.
The relationship between the air velocity and the particle velocity at the point of measurement can be
used to determine the aerodynamic diameter of the particle. With knowledge of the pressure difference
between the ambient air and the pressure at the measurement region, the air velocity can be calculated
directly. The particle velocity is measured by the time of flight between two laser beams. The time-of-
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flight apparatus should measure aerodynamic diameters of particles up to 20 pm. Sample acquisition
procedures are the same as those required when using a LSAPC to measure macroparticles. In addition,
the same procedures as for the LSAPC are used with this apparatus in order to establish the particle

size ranges to be reported.

C4

C.A4.

.2 Macroparticle measurement with particle collection

2.1 General

Macroparticles can be measured by collecting particles from the air. An air sample is transported at a

spe

NOT
by 1

C.4,

Seld
size
inst
san]
are

monitor inlet and the inlet should face into the unidirectionalflow.

Det

Renpove the cover from the membrane filter holder 0¥ aerosol monitor and store in a cled

San
sup
that
coll
holq
pos
and|

C.4,

In 4
airf]
dird
imp
imp

For
for

rificflow rate throughacottectiomdevice- Microscopicamatysis s used tocount thecottect

E The mass of the collected particles can also be determined but since the air cleanliness'is
umber concentration this is not addressed in this part of [ISO 14644.

2.2 Filter collection and microscopic measurement

ct a membrane filter and a holder or a pre-assembled aerosol moniter; a membrane
of 2 um or fewer should be used. Label the filter holder to identify the filter holder Id
allation. Connect the outlet to a vacuum source that will draw air“at the required flow
pling location in which macroparticle concentration is to be determined is a unidirec
h, the flow rate should be established to permit isokinetic sdmpling into the filter holder

ermine the sample volume required by using Formula {€:1).

iple the air at the sampling locations as determined by agreement between the cus
plier. If a portable vacuum pump is used to draw air through the membrane filter, the ex
pump should be vented outside the clean-installation or through a suitable filter. After
ection has been completed, replace the.¢cover on the filter holder or aerosol monitor. ']
ler should be transported in such a manner that the filter membrane is maintained in a
tion at all times and is not subjeeted to vibration or shock between the time the sample
when it is analysed. Count the particles on the filter surface (see ASTM F312-08).[3]

2.3 Cascade impactor collection and measurement

cascade impactor particle separation is carried out by inertial impaction of particles. T
low passes through-a series of jets of decreasing orifice size. The larger particles areg
ctly below the-argest orifices and smaller particles are deposited at each successive s
actor. The aéredynamic diameter correlates directly with the regional collection of part
actor flow path.

the measurement of the air cleanliness by particle concentration a type of cascade impa
Collection and counting of macroparticles can be used. In this one the particles are depd

the

d particles.

determined

with pore
cation and
rate. If the
tional flow
or aerosol

n location.
tomer and
haust from
the sample
'he sample
horizontal
s captured

he sampled

deposited
tage of the
icles in the

ctor meant
sited upon

surfaces of removable plates that are removed for subsequent microscopic examinatiorn

). Sampling

flow rates of 0, 47 litres/sec or more are typically used for this type of cascade impactor.

C.5

Procedure for macroparticle count

Determine the “ISO M (a; b); ¢” descriptor concentration in the selected particle size range(s), as agreed
between customer and supplier, and report the data.

At each sampling location, sample a volume of air sufficient to detect a minimum of 20 particles for the

sele

cted particle size at the determined concentration limit.
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The single sample volume, Vs, per sampling location is determined by using Formula (C.1):

20
Vo=

N

%1000 (C.1)

n,m

where
Vs is the minimum single sample volume per location, expressed in litres (except see D.4.2);

Cn,m 1is the class limit (number of particles per cubic metre) for the largest considered particle
size Qppr‘iﬁnd for the relevant class;

20 s the number of particles that could be counted if the particle concentration were at.the
flass limit.

Where inf¢rmation on the stability of macroparticle concentration is required, make \three or njore
measurements at selected locations at time intervals agreed between customer and supplier.

Set up the $ample inlet probe of the selected apparatus and undertake the test.

C.6 Testreports for macroparticle sampling

The follow|ng test information and data should be recorded:

a) definitiion of the particle sizes to which the apparatus responds;

b) measufement method;

c¢) methof of measurement of M descriptor level or limit'as an adjunct to the ISO Class;
d) type designations of each measurement instrument and apparatus used and its calibration statjus;
e) SO Clgss of the installation;

f) macroparticle size range(s) and the counts for each size range reported;

g) appardtus inlet sample flow rate-and flow rate through sensing volume;

h) sampl:[:g location(s);
i) sampling schedule plan-for-classification or sampling protocol plan for testing;
j)  occupdncy state(s);

k) other felevantdata for measurement such as stability of macroparticle concentration.

C.7 Adaptation of the macroparticle descriptor to accommodate consideration
of 2 5 pm particle size for ISO Class 5 cleanrooms

In order to express an airborne concentration of 29 particles/m3 in the particle size range = 5 um based
on the use of an LSAPC, the designation would be “ISO M (29; = 5 um); LSAPC” and for 20 particle/m3
the designation would be “ISO M (20; = 5 um); LSAPC” (see Table 1, Note f).
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Annex D
(informative)

Sequential sampling procedure

D.1
D.1

In
wit
allo
the
Clag
clas
red

Sonpe savings may also to be realized when the concentratién)is near the specified limit.

san]
clag
be 4

NOT

D.1
The

a)

b)

D.2
The

Background-andlimitations

.1 Background

ome circumstances where it is necessary or required to classify a clean controlled ef

ws reduction of the sample volume and sampling time. The sequential sampling techniqu
rate of counting and predicts the likelihood of passing or failing to meetthe requirement
s. Ifthe air being sampled is significantly more or significantly less.conptaminated than th
s concentration limit for the considered particle size, use of the seguential sampling pro|
ice sample volumes and sampling times, often dramatically.

pling is most appropriate for air cleanliness of ISO Class# or cleaner. It may also be usg
ses when the limit for the chosen particle size is low.. it that case, the required sample v
00 high for detecting 20 expected counts.

E For further information on sequential sampling, see IEST-G-CC1004[4] or JIS B 9920:2002

.2 Limitations
principal limitations of sequential sampling are

the procedure is only applicablewhen expected counts from a single sample are < 20 for
particle size (see A.4.4),

each sample measurement requires supplementary monitoring and data analysis, wh
facilitated through cemputerised automation, and

particle concentrations are not determined as precisely as with conventional sampling
due to the redticed sample volume.

Basisfor the procedure

procedure is based on comparison of real-time cumulative particle counts to refer

valy

vironment

h a very low particle concentration at the class limit, sequential sampling isfa“useful technique that

P measures
s of the ISO
e specified
cedure can

Sequential
d for other
olume may

[5]

the largest

ich can be

brocedures

ence count

leS/Reference values are derived from formulae for upper- and lower-limit boundaries:

upper limit: Craj) = 3,96 + 1,03 E

lower limit: Cpass = -3,96 + 1,03 E

where

Crail is the upper limit for the observed count;
Cpass is the lower limit for the observed count;

E is the expected count (shown by Formula (D.5), the class limit).
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According to Formula (A.2), the single sample volume, Vs, is calculated as follows:

20
V, =|-"—|x1000 (D.3)
n,m
where
Vs is the minimum single sample volume per location, expressed in litres;
Cn,m is the class limit (number of particles per cubic metre) for the considered particle size speci-
fied for the relevant class;
20 s the defined number of particles that could be counted if the particle concentration.were at
the class limit.
The total shmpling time ¢; is calculated as follows:
VS
t, = E (P4)
where
Vs is the accumulative sample volume (litres);
Q is the sampling flow rate of the particle counter (litres/s).
The expectled count is defined as follows:
QAtxC
E=—} " (p.5)
1000
where
t is sampling time (in seconds).
To aid in understanding, a graphical illustration of the sequential sampling procedure is providef in
Figure D.1] As air is being sampled\at each designated sampling location, the running total particle
count is conptinuously compared to the expected count for the proportion of the prescribed total voliime
that has bgen sampled. If the punning total count is less than the lower limit Cpass corresponding to| the
expected count, the air being.sampled is found to meet the specified class or concentration limit, and
sampling i§ halted.
If the runrling count.exceeds the upper limit Cgyj) corresponding to the expected count, the air bging
sampled falfils to meet the specified class or concentration limit, and sampling is halted. As long as|the
running cqunt, femains between the upper and lower limits, sampling continues until the observed
count becgmes 20 or the cumulative sample volume, V, becomes equal to the minimum single sample
volume, Vs ballere the nvpnr‘fpd count becomes 20

In Figure D.1, the number of observed counts, C, is plotted versus the expected count, E, until either the
sampling is halted or the count reaches 20.

D.3 Procedure for sampling

Figure D.1 illustrates the boundaries established in Formulae (D.1) and (D.2), as truncated by the
limitations of E = 20, representing the time required to collect a full sample, and C = 20, the maximum

observed c

28

ount allowed.
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stop counting, FAIL (C = 3,96 + 1,03E)
continuous counting

stop counting, PASS (C < -3,96 + 1,03E)
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Figure D.1 — Boundaries for pass or fail by the sequential sampling procedure

The observed count is plotted versus the expected count for air having a particle comcentration
pregtisely at the specified class level. The passage-pftime corresponds to increasing numbers ¢f expected
coupts, with E = 20 representing the time required to accumulate a full sample volume if the particle
confentration were at the class limit.

The procedure for sequential samplingusing Figure D.1 is as follows:

1) |record the total number of particles counted as a function of time;

2) |calculate the expected caunt following the procedure described in D.2, Formula (D.5);
3) |plot the total count Veysus the expected count as in Figure D.1;

4) |compare the count'with the upper and lower limit lines of Figure D.1;

5) |if the cumulative observed count crosses the upper line, sampling at the location is stopped and the
air is reported to have failed compliance with the specified class limit;

6) |if thezeumulative observed count crosses the lower line, sampling is stopped and the|air passes
compliance with the specified class limit;

7) ifthe cumulative observed count remains between the upper and lower lines, sampling will continue.

If the total count is 20 or fewer at the end of the prescribed sampling period and has not crossed the
upper line, the air is judged to have complied with the class limit.

D.4 Examples of sequential sampling

D.4.1 Example 1
a) Evaluation of a cleanroom with a target air cleanliness of ISO Class 3 (0,1 um, 1 000 particles/m3)

by the sequential sampling procedure. This procedure looks at the rate of count and seeks to predict
likely pass or fail.
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