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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

electro

chnical standardization
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differeglf types of ISO document should be noted. This document was drafted in accordance with th
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notice of (a) patent(s) which may be required to implement this document. However, implementers ar
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cedures used to develop this document and those intended for its further maintenanee |ar
bd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th

U (U (U

rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

vs attention to the possibility that the implementation of this document mayCinvolve the usg
tent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
ights in respect thereof. As of the date of publication of this document,ASO had not received

bd that this may not represent the latest information, which may be.ebtained from the patenit
e available at www.iso.org/patents. ISO shall not be held responsible for identifying any or al
ent rights.

—

e name used in this document is information given for the)convenience of users and does nojt
te an endorsement.

explanation of the voluntary nature of standards,*the meaning of ISO specific terms an
ons related to conformity assessment, as well-as information about ISO's adherence t
'ld Trade Organization (WTO) principles in, the Technical Barriers to Trade (TBT), se
p.org/iso/foreword.html.
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This do
A list of

Any fee
complet

fument was prepared by ISO/TC 209, Cleanrooms and associated controlled environments.
all parts in the ISO 14644 series can-be found on the ISO website.

Iback or questions on this document should be directed to the user’s national standards body. A
e listing of these bodies caibe found at www.iso.org/members.html.
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Introduction

023(E)

This document provides clarification on the application of sound airborne particle sampling techniques
in support of ISO 14644-1:2015 for classification of cleanrooms and clean zones, and ISO 14644-2:2015
for airborne particle monitoring, to provide evidence of cleanroom performance related to air

cleanliness by particle concentration. It provides information on how to gather appropriate, accu

rate and

repeatable data, and how to interpret this information for the purpose of improving process protection.

This also includes information on the choice of measurement methods and apparatus config

n]ihrnﬁnn’ rnpﬂnfqhi]ifyl/rplr_\rnr]nr*ihi]ifv and the nnr‘nrfninfy associated with measurement

uration,
n short,

=

vhat can be reasonably attained with the current technology.

'his document addresses potential misinterpretation of the use of ISO 14644-1:2015, C
nformative Annex C, which suggests the use of limited tubing length for sampling macropartig
hrase in question has been applied beyond the context intended in ISO 14644-1, to.other appl
'his document also provides extra clarity on the use of the M Descriptor in 1SO,14644-1:2015, 4
pecifically in relation to consideration of >5,0 pm alongside ISO Class 5 (EU-RI€/S GMP Grade
trest).

(o N & T . . S LR |

—

[t provides information on the uncertainty associated with sampling, particles 25,0 pm and]
particles, and measures that can be taken to reduce that uncertainty.

It addresses the importance of understanding that:
+ for classification, the quality of the sample is the mostimportant factor;
-+ for monitoring, the quality of the data is the most important factor;

-+ direct sampling without tubing is preferred. Héwever, sample tubing is sometimes necessa
arepresentative sample at a significant or critical location;

+ toreduce sampling loss in tubing, this tubing is as short and straight as possible;

-+ asampling system is evaluated to assess the impact of any compromises in its set up.

=

An evaluation of existing sampling'systems can deem them suitable for continued use even if thd
ik assessed as less than optimal.

The scientific basis for airboerne particle counting, and the performance characteristics of ¢
particle counters, particularly LSAPC, is amply documented in established technical publicati
Bibliography).

4.1.2 in
les. The
cations.
Annex C,
A and B

macro-

'y to get

system

irborne
bns (see
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Cleanrooms and associated controlled environments —

Part 21:
Airborne particle sampling techniques

Scope

his document discusses the physical limitations of probe and particle counter placement,
ubing that connects the two, particularly in providing representative samples where paj
icrometres and greater are of interest.

he document further identifies the key factors of sampling performance when classify]

hnd any
ticles 5

ing and

onitoring, and good practice to determine and maintain an acceptable compromise Bhetween

ttainable accuracy in counting and feasibility of counting in real-life sitations.

his document includes a decision tree, used to identify key considerations when sampling 3
articles, and whether the system requires further assessment.‘There are also examples pro
illustrate typical application challenges and show how the deCision tree can be used.

It is assumed that this document is read in conjunction with ISO 14644-1 and ISO 14644
d
Wyhich is handled in ISO 14644-1 and ISO 14644-2, but provides information to help make ¢
d

hoices of sampling configuration, when evaluatinga new or existing system.

2 Normative documents

There are no normative references in.this document.

3 Terms and definitions
For the purposes of this dociment, the following terms and definitions apply.
[ISO and IEC maintainterminology databases for use in standardization at the following addres

+ ISO Online browsing platform: available at https://www.iso.org/obp

+ IEC Eleetfopedia: available at https://www.electropedia.org

3.1
¢lassification
method of assessing level of cleanliness against a specification for a cleanroom or clean zone

irborne
Vided to

-2. This

locument is not a manual, but an explanatory document. It does not describe measurement methods,

ffective

bES:

Note 1 to entry: Levels should be expressed in terms of an ISO Class, which represents maximum allowable

concentrations of particles in a unit volume of air.
[SOURCE: ISO 14644-1:2015, 3.1.4]

3.2
monitoring

observations made by measurement in accordance with a defined method and plan to provide evidence

of the performance of an installation

Note 1 to entry: Monitoring may be continuous, sequential or periodic; and if periodic, the frequency shall be

specified.

© IS0 2023 - All rights reserved
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Note 2 to entry: This information may be used to detect trends in operational state and to provide process
support.

[SOURCE: ISO 14644-2:2015, 3.2]

3.3

particle size

diameter of a sphere that produces a response, by a given particle-sizing instrument, that is equivalent
to the response produced by the particle being measured

Note 1 t§entry: For discrete-particle light-scatterng INstr Uments, the equivalent optical diameter 1s used.
[SOURCE: ISO 14644-1:2015, 3.2.2]

34
macroparticle
particlelwith an equivalent diameter greater than 5 um

[SOURCE: ISO 14644-1:2015, 3.2.5]

3.5
M descriptor
designafion for measured or specified concentration of macroparticles pereubic metre of air, expressedl
in term$ of the equivalent diameter that is characteristic of the measurement method used

—

Note 1 tp entry: The M descriptor can be regarded as an upper limit for the averages at sampling locations. N
descriptprs cannot be used to define air cleanliness classes by particle concentration, but they may be quote
independlently or in conjunction with air cleanliness classes by particle concentration.

j ==}

[SOURCE: ISO 14644-1:2015, 3.2.6]

4 Determination of airborne particle concentration

4.1 General

Airbornje particle concentration is the pritmary attribute and essential parameter that determines angl
denotes|the cleanliness level of a clednroom or clean zone.

In clasgification, ISO 14644-1 (States that “The use of light scattering (discrete) airborne particl
counterf (LSAPC) is the basisfor determination of the concentration of airborne particles, equal to an
greater fthan the specified §iz€s, at designated sampling locations”.

9%

==

ISO 146(44-1 does not{provide for classification of particle populations that are outside the specifie
lower threshold particle-size range, 0,1 um to 5 pm. According to ISO 14644-1, an M descriptor (se
ISO 146¢44-1, Annex C) may be used to quantify populations of macroparticles (particles larger thai
5 pm).

- (L et

In moniforing, an LSAPC is also used for airborne particle counting, often supported by other methody,
as indichtedHinlSO014644-2

atC O TIrIoU T TO T T =%

For both classification and monitoring, the choice of the counter takes account of the effective particle
size range and sampling flowrate with regard to sample size.

For monitoring, the effectiveness of the sampling system is determined by the appropriate choice of
sampling location and the ability of the system to capture particles and deliver them to the counting
mechanism.

A key driver in quality management is continuous improvement. When we apply the dynamic
cycle tool Plan-Do-Check-Act (PDCA) to cleanroom contamination control, key information is used
from classification and monitoring activities to establish and demonstrate that control. Changes
and improvements will lead to re-evaluation and a repeat of this cycle. Figure 1 below illustrates

2 © IS0 2023 - All rights reserved
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the importance of classification and monitoring and how these influence the process of continual
improvement.

Do
implement
and
operate

Plan
establish

monitor
and
review

Act
maintain
and
improve

®)

Figure 1 — Strategy for contaminatj\o control

All particle counting systems have the potential to d@r prevent a particle from reaching the
dounting mechanism of the LSAPC. The likelihood of increases with the particle's size |and the
length and complexity of its pathway through the sy Good practice is applied to minimise|particle
Ipss and potential gain through shedding and fals i\l

dspects of the determination of airborne partic ncentratlon that is performed in classification and
mhonitoring. Guidance will be given in Clause @n the application of particle counting technologies and
dssociated sampling methods. A\Q)

1.2 Classification \j;\'o

nts. The following sections explain the felevant

N

=

In classification, the cleanliness Qf)\t\he cleanroom is specified for a state of occupancy and considered
article size(s). The sizes available for classification are defined in ISO 14644-1:2015, Table 1{ and all
izes considered are mea simultaneously, with the same LSAPC instrument. Sampling lpcations
nd minimum sample v es are selected using the procedure described in ISO 14644-1. Satisfactory

irborne particle co ation results obtained by sampling at these locations provide confidence that
he volume measur&?ll comply with the specified class.

o 0y Q) (A e

'he reference Q od for classification supposes a degree of reproducibility to establish contfol for a
pecified sta occupation, both initially and when classification is reconfirmed. As such, thg quality
fthe san@k‘taken and precision of the values recorded is paramount.

o n ._‘l

in d in this document. Values obtained at the nanoscale are not appropriate for classification. This
dpplication is consideredin ISQ 14644.-12

r

The surement of airborne nanoscale particles, <0,1 um, uses another type of instrurannt, not

ISO 14644-1:2015, Table 1 provides the range of particle sizes and particle concentrations deemed
statistically appropriate for classification.

NOTE ISO 14644-1, Table E.1 shows application of the same threshold particle sizes for decimal classes, and
ISO 14644-1, Formula E.1 enables calculation of the maximum particle concentration for intermediate particle
sizes within the normative range.

Note f) to ISO 14644-1:2015, Table 1, indicates a special case for recording larger particles when
classifying at ISO 5. It provides an example where particles =5 pm are sampled with a specified limit
of 29 particles/m3 as a complement to classification at ISO 5 measured on sizes that are included in
ISO 14644-1:2015, Table 1 as appropriate for that class. This complement is expressed via the M

© IS0 2023 - All rights reserved 3
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Descriptor, in this case as “ISO M (29; =25 um); LSAPC” for ISO 5 and refers on to ISO 14644-1:2015,
C.7. For some applications, it can be necessary to also sample other sizes outside those for which
ISO 14644-1:2015, Table 1 defines concentrations. ISO 14644-1:2015, C.7 in informative Annex C
provides an example of adaptation of the M descriptor to accommodate consideration of = 5 pm particle
size for ISO Class 5 at this particle size threshold, where ISO 14644-1:2015, Table 1 does not specify a
concentration limit.

ISO 14644-1:2015, Annex C is concerned with the broader techniques of measurement of macroparticles
(particle size thresholds not in ISO 14644-1:2015, Table 1), by a variety of appropriate methods and
instru nnfafinn’ inrlnﬂing the TQADF’ and nvpr‘nccinn of the result This cnh}'nr‘f is not considere
within the scope of this document. When measuring and recording particles > 5,0 um (macroparticleg
alongside those measured within the ISO 14644-1:2015, Table 1 range, their value is expressed as-an M
descriptor, in support of classification.

4.3 Monitoring

Monitoiling is explained and illustrated in ISO 14644-2:2015. The activity involves recording ang
analysing data on a variety of parameters to support demonstration of control.

The trefding of data obtained from monitoring with LSAPC is used to understand the variation in th
number| of particles over time and its relationship with the specified andymaintained cleanliness o
the cleagnroom or clean zone. Data obtained and analysed is used to évaluate whether air quality i
maintaihed at a satisfactory level at locations considered significant o¥ critical for the process, at th
appropifiate occasions. This data can be analysed along with othermenitoring parameters to provide

holistic ppproach to demonstrating control.

U UT =R (D

Monitoijing is applied to demonstrate that the air cleanliness’at a defined location complies with th
requirefl level at a defined point in time, during operation, and often during periods at rest. Particl
sizes usgd for monitoring can be different from those required for classification. This is clearly show}
in EU &|PIC/S GMP Annex 1 (2022) where monitoring is subject to limits for particle sizes (>5,0 pm
not iderftified as reliable for the purpose of classification at ISO5. Results are often expressed per unit
of time,|rather than accumulated to a unit volime. Other indirect indicators may also inform on the
satisfacfory operation of the installation or eguipment.

- (D (D

In ISO [14644-2, guidance is providedion where, when and how to monitor the airborne particl
concentfation, and how to complement this with other indicators of cleanroom or process zon
perfornjance.

w

In moniforing, the reproducibility of sampling efficiency, and the ability to detect variations over timg,
are more important than abselute precision in the data obtained at a particular point in time.

Analysi$ of variations.over time can help to understand the process, and provide trending data to assisit
the marnagement of ¢ritical parameters in order to maintain control as required.

Monitorling performed using a mobile or fixed LSAPC can be periodic or continuous. In monitoring
minor pprticleloss in the sampling system is typically accepted since this will not affect the trending g
the loca] air'cleanliness unless the alert or action level is very low.

— -

NOTE It is important that the system is verified as able to record the considered particle sizes in a
satisfactory manner.

4.4 Other LSAPC applications

LSAPCs are also used for measuring high airborne particle concentration at defined sample
locations during the Recovery Test (ISO 14644-3:2019, B.4), the installed filter system leakage test
(ISO 14644-3:2019 B.7) the containment leak test (ISO 14644-3:2019, B.8) and the Segregation Test
(ISO 14644-3:2019, B.11). This document does not examine the detail of these and other applications.

In addition, the LSAPC can be used for investigation of particle concentrations at specific locations for
the purposes of characterisation, without any attempt to predict compliance of a whole surface or room

4 © IS0 2023 - All rights reserved
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to a specified class. This activity is not expressly considered in ISO 14644-1 and ISO 14644-2, except in
ISO 14644-1:2015, Annex C but can be a valuable part of establishing and demonstrating control.

5 Sampling airborne particles - things to consider

5.1 General

The sampling of airborne particle concentration at a specific location, to determine air cleanliness,
i f f tritatt access,

instrument size and the need to avoid disturbance of a critical volume by the counter exhaustignd heat
gain. Consequently, a sample will often need to be drawn from the test location to the ifnstrument for
Ineasurement.

The approach taken ensures that:

+ the sample is representative;

+ asuitable volume is taken, relative to the particle size;

+ collecting the sample does not affect the operation of the process;
+ the particles sampled do reach the device;

+ thelocation of the LSAPC is not influenced by other factofs.

(Consideration of influencing factors is discussed further.in this clause.
5.2 Instrument selection

3.2.1 General

There are several types of LSAPC that can-be used to determine classification, and in routine monitoring.
The choice of instrument type, for classification or monitoring, is typically a balance between:

-+ Sample volume required for statistical significance:

— aminimum number of particles is required to determine a classification state;
— low concentrations of particles require large sample volumes, and/or sequential samplfing.
+ Total test time:

— particle<counter sample at a fixed volumetric flow rate;

— ihimum sample volumes determine the time required to sample at each location;

< "higher flowrates will reduce test duration;

sampletubing requirenents:
Manufacturers will provide recommended dimensions for tubing.

Table 1 describes different types of instrument and their typical applications.

© IS0 2023 - All rights reserved 5
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Table 1 — Comparison of particle counter types

Function Portable particle Handheld particle Remote particle sensor
counter counter

Number of size channels |Typically 4-6 Typically 2-6 Typically 2-6

Smallest channel Application dependant, Application dependant, Application dependant,

(sensitivity) typically 0,1 um, 0,3 um or |typically 0,2 pm, 0,3 pm or |typically 0,1 pm, 0,2 pm,
0,5 um 0,5 um 0,3 um or 0,5 um

Sample flow rate 28,3 1/min (1 cfm) or Low flowrate of 2,83 1/min | Flowrates of 28,3 1/min or
greater (501/min, 75,1/ [(0,I cfm) Z,83T/min
min, 100 1/min)

Power Mains or battery Mains or Battery Mains, or power over

Ethernet

Mobility Carried by hand, placed Lightweight carried in Fixed location moéunted to
on mobile cart, probe on  |hand or placed on tripod/ |equipmentorinfrastruc-
tripod/stand or fixed to stand ture
the top of the LSAPC

Display Local interactive display |Local display with fewer |Non€™= connected to
with many operator fea- |operator features central system for data
tures display

Printer Onboard External accessory None - connected to cen-

tral system

Typical applications Cleanroom classification, |Cleanroom classification, |Continuous monitoring of
portable and in-situ mon- |and portablewonitoring, |individual locations?
itoring. HEPA filter leak recovery tésss
testing, recovery tests,

a2 Fixefl monitoring devices in cleanrooms and clean zones are ‘somnetimes used to support classification, on condition

that the sample volume considered is consistent with the requirements of ISO 14644-1, and the timing and duration o

the samyple are designated for classification activity. Appropriate sensitivity for capture of the specified particle sizes

positioning of the sampling head and absence of disturbance‘ogfthe critical location are determined for each case, to assess

the suitapility of this use of the remote sensor.

5.2.2 |Considered particle size selection

The ranfge of particle sizes considered in the ISO 14644-1, Table 1 classification is 20,1 pm, 20,2 uni,
20,3 un, 20,5 pm, 21,0 um and 2550 um. Selected particle sizes will include all particles equal to o
greater than the selected size.

—

T

For claspification and for monitoring, the chosen size(s) can be driven by the significance, for produc
or procgss cleanliness, of 'specific particle sizes and concentrations, but are also often determined by
applicaljle regulation ©rindustry guidance. It is also possible to select specific sizes not featured il
ISO 14644-1:2015, Table 1. Concentrations for intermediate sizes within the table can be calculated.

=J

The mepsurement of airborne nanoscale particles, <0,1 pm, uses another type of instrument, not
included in thissddocument. This application is considered in ISO 14644-12.

In somd scenarios, alternative levels of air cleanliness are selected, at specific particle sizes largef
than 5 pm which are not within the size range applicable to classification. These are defined as
macroparticles and ISO 14644-1:2015, Annex C provides guidance for sampling only these larger
particles. Their measured concentration can be described by use of the M Descriptor, with mention of
the measurement method used.

This specific mention does not mean that the whole of ISO 14644-1:2015, Annex C applies to
classification. The rest of the guidance expressed in this informative Annex is solely concerned with the
measurement of macroparticles per se.

In particular, the guidance given in ISO 14644-1:2015, Clauses C.3, C.4, C.5 is not applicable to
classification of particles in the size ranges detailed in ISO 14644-1:2015, Table 1.

6 © IS0 2023 - All rights reserved
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For monitoring applications, additional particle sizes to those used for classification can be beneficial
for trending if considered relevant.

5.2.3 Required sample volume and sample flow rate

The need to perform either classification or monitoring will typically determine the type of instrument
and the flow rate chosen, as high sample flowrate instruments allow for a specific sample size to be
taken in a shorter amount of time. Shorter sample duration time is beneficial for routine classification
and facility monitoring where individual samples are taken throughout an area and the instrument is
: T T i ISt Irement
nd the potential for monitoring a sample location’s change of state over time.

.3 State of occupancy

.3.1 General

[SO 14644-1, three occupancy states are defined:
+ as-built;

+ atrest;

-+ operational.

For each occupancy state an ISO class and particle siZe ‘or sizes will be designated for a|specific
dleanroom or clean zone.

At-rest and operational states are typically used fortoutine classification and monitoring, classification
ds-built can be useful for new projects, partictlarly if the cleanroom is to be commissioned before
gquipment is installed.

Farticle size distribution will vary between the at-rest and operational states. Larger parti¢les will
dettle out as part of the room recovers to the at-rest state, whereas in operation there is variation
through the particle size distributign'due to a more diverse set of particle sources. Depending on the
dpplication considered, this can influence alarm and action limits for monitoring.

5.4 Sample locations=points to consider

3.4.1 General

The selection of ah appropriate sampling location is important, to ensure a representative| sample
is obtained whenh classifying, and to reflect activity at a critical or representative locatign when
fhonitoring!

5.4.2 \Sampling locations for classification

Kar~classification. ISQ 14644-1-2015_ Annex A A 4 2 describes the selection of locations Ifl can be
necessary to position the sample probe at a number of different locations, potentially at different
heights.

Some particle loss always exists in airborne sampling. Therefore, a prudent approach to minimise
particle loss can be to use no tubing at all, so that the sample is drawn directly from the sample probe
into the LSAPC. However, in some cases it is not possible to place the counter directly at the location. In
these cases, sample tubing will link the probe to the counter positioned at some distance.

ISO 14644-1:2015, A.5.1 states “Set up the particle counter (see A.2) in accordance with the
manufacturer’s instructions.” The following clause A.5.2 concerns orientation of the sampling probe.
There is no explicit restriction on tube length. Such restriction can be included in the manufacturer’s
recommendations. The LSAPC can be placed at convenient location(s) with the sample probe mounted

©1S0 2023 - All rights reserved 7
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on a tripod, so that height and location are easily adjustable. This is true for cleanrooms, unidirectional
flow workstations, isolators, restricted access barrier systems (RABS), safety cabinets etc.

5.4.2.1 Practical challenges associated with counting without use of sample tubing

ISO 14644-1 states that sample heights can differ between areas under test and even between sample
locations within a single area under test. Ensuring the LSAPC sample probe is at the correct height
when fixed directly to the counter, without tubing, may require some attention. An LSAPC with 28,31/
min or greater sample flow rate is not a lightweight instrument.

a)

b)

5.4.2.2 | Practical challenges associated with use of a short- £1 m - length of tubing

a)

b)

f)

In cdleanrooms, the LSAPC is placed either freestanding, or on a cart/trolley bench. Effective use'of
a trplley bench requires that this be adjustable to meet various specified sample heights. Thisis'not
a pifactical solution. For some locations, it is not always possible to place the LSAPC on a flat surfac
to ejnsure correct probe orientation. This situation also excludes use of a trolley.

W

NOTE Only a handheld particle counter can be used to respond to this latter challenge, but samplin
effigiency for large particles is limited by the low flowrate (2,83 1/m) of such a counterFer unidirectiond
horijzontal flow workstations, it is impossible to sample correctly without recourse to.a sample tube. Th
prolbe cannot be positioned in the correct direction, nor at the required height.

0 = Jg

For|unidirectional vertical flow workstations, class Il safety cabinets,. downflow isolators etc. th
LSAPC can sit inside the critical environment. However, depending onthe shape, size and flowrat
of the LSAPC such placement can disturb the airflow characteristics of the clean zone. Also, thi
lim{ts the sample probe position to one height.

12N

15

Sompe particle loss will inevitably occur with use of tubing. This can be minimised by maintaining
strdight run of the tubing but some loss is to be expegted.

For|cleanrooms, a tripod can be used. This adds’some flexibility to location positions and height
(buf limited to a maximum of 1 m above the LSAPC). This short length of tubing restricts th
pragtical movement and placement of the>LSAPC, which can sit virtually under or next to th
prope (which is mounted on a tripod). Priocess equipment and chosen sample heights can limit that
poskibility.

U (U T

Sanmppling at significant height abeve practical counter placement presents specific challenges, dug
to the distance between the dounter and the sampling location.

If the tripod in a cleanroom-is placed too far from the counter, the tubing can restrict distance, angl
pull over the tripod andsample probe.

In horizontal unidirectional airflow workstations, where the critical working area is on or above
flat|surface ordpénch, a small tripod with probe attached by tubing to the LSAPC can be difficult t
direct horizontally. This is because the counter must be out of the airflow, and placed on the floo
or trolley bench. The tube can be too short for this distance and smaller tripods are more prone t
toppling over, especially with the higher flowrate LSAPC and consequent wider tubing radius (an
tubg rigidity). The alternative is to set up a large tripod at the exit plane and turn the sample hea
toward the airflow. However, this is sampling at the exit and not necessarily in the working area.
It can be a workable solution if the LSAPC can be placed below the exit plane opening and near the
tripod.

Pt e N LN

For Isolators the issues can be more complex. The tubing comes from the probe, which is likely to be
on a small tripod, out of the isolator and onto the LSAPC, all within 1 m. Some manufacturers install
connection ports in the front fascia/screen or on the top of the critical working area (chamber)
to connect a tube from the tripod to the port and then another tube from the port to the LSAPC.
This creates difficulty, in some scenarios, in keeping the total length under 1 m, especially with
multiple sample locations. There are also potential issues again with tripod stability. A practical
compromise can be to use a cut and taped glove finger to feed the tubing into the isolator, and close
the required sampling point. This can work, unless the glove is in use (operational activity).
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i)
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Entry/Exit transfer boxes also present challenges. Often there are no gloves or ports. Consequently,
the LSAPC is placed inside the small inside space. Accordingly, there is no tubing length issue, but
there are very restricted options on location, and a risk of compromising airflow. If the volume
sampled is a port, then again the issues in €) above are replicated.

Open-fronted downflow cabinets and class Il safety cabinets have similar issues to those above:
small tripod, inflexible tubing, and length from tripod to counter. These tend to be less of a
restriction/issue in the field.

Sampling hot air volumes, as for instance in depyrogenation tunnels, presents particular challenges.

Q)

)

5.4.2.3 “Operational” classification with tubing presents additional practical challenges

An LSAPC cannot take in high-temperature air. Cooling the sample often involves longel tubing.
This requires special attention.

The routing of tubing, especially within confined environments such as isolators, can make short
tubing a real problem. The tubing run can obstruct the process.

The locating of the probe and/or tripod can interfere with the pfgcess, process equipment or
operations.

5.4.3 Sample locations for monitoring

§ample locations within the cleanroom or clean zone are-détermined by a risk-based appro
often defined as ‘critical locations’ as part of a contaminaftion control programme.

The critical location is a process point or small area, @r)perhaps represents a more general bacl
gnvironment.

For a continuous monitoring system, the sample inlet is more likely to be fixed, or perhaps fi
donnected with a probe and tripod, where mevement within a defined localised area is require

For a routine (periodic) monitoring pregramme, the sample probe can be connected to a |
dounter and enable a number of different locations to be sampled, along with potentially ¢

ach and

xground

xed and
il

bortable
lifferent

q
d
q

drientations, as for classification i;e: pointed towards primary direction of airflow).

Formonitoring using a fixed particle counter, the following considerations are important.

ome particle loss always exists'in airborne sampling. Where particle loss in the sample is of ¢oncern,
prudent approach to minimise such loss can be to use no tubing at all, so that the sample i§ drawn
lirectly from the samplé inlet into the LSAPC.

This is possible in sonie scenarios, where the counter can be directly positioned at the critical location.
However, for most-applications, continuous or routine, some form of tubing will be required to [connect
the sample inlét and LSAPC.

For routirmte,monitoring where a movable particle counter is used, the challenges and considgrations
detailed-in’5.4.2 are also applicable.

a) The choice between a counter fitted with an integral pump or linked to a central vacuum pump
is fundamental. Noise, size, and heat gains are likely to be factors that influence the location for a
fixed LSAPC. Integral pump units are larger than those connected to a central vacuum system, but
avoid the need for complex vacuum pipework and plantroom space for the pump.

b) In cleanrooms, the LSAPC is often mounted on a wall, a pillar, or a fixed structure. This can limit

the location options, and not enable satisfactory positioning to obtain a representative sample.
Depending on the room grille distribution, airflow patterns and working height, a location near
the wall could be misrepresentative of the cleanroom and critical location. If tubing is required, the
sample tubing length will often be quite short. However, if sample tubing is required to gain access
to a critical location at working height, this can hinder the process or movement of personnel.
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<)

d)

5.5

5.5.1 |General

When reviewing the potential errors associated with particle counting; there are several associategl
risks, which can be collated into three main topics for discussion:

a)
b)

<)

When a sample is taken without the need for transport (tubing) between the sample location ang
measurg¢ment of the sample by the particle counter, the sampling error and measurement error ar
primary areas of concern.

Sampling errors and sample measurement errors relate to the particle counter and its sample prob
and are|covered below in 5.5.2 and 5.5.3. Sample transportation errors relate to sample tubing and ar
covered|in 5.5.4.

5.5.2 |Sampling errors

5.5.2.1| Sample inlet-design and placement

When a sampling {probe is used, attention is paid to sample probe design and placement, to avoid
particlelloss.

5.5.2.2 | Asokinetic sampling

For unidirectional flow workstations (both horizontal and vertical flow variants) the isokinetic
sampling probe needs to be close to the critical location without hindering the process or restricting
the process equipment. An isokinetic probe and sample tubing are required, connected from within
the critical work zone to an LSAPC location outside the work zones but as close as possible to the
critical location. The LSAPC is lower than the sample height to avoid sampling upward through
tubing.

In horizontal or vertical unidirectional flow workstations, isolators and RABS, it is likely the
tubing run will be longer than ideal, and is also likely to require a number of bends and possibly
conpectors-orvalves. L3 i i d a e
a sgmpling location to be f
parficle sampling. It is therefore likely that in many installations an assessment can help’ tp

I

aY

understand the potential losses in the sampling system. It can also be useful to make a|ehoic
between the tubing materials and finishes available. Tubing runs can be examined andyoptimise
bef¢re implementation. Special installation fixtures and tailor-made solutions can beeonsidered at
thelearly stage of separative device design for the shortest possible sampling systeny.

Instrument measurement issues

sampling errors (5.5.2);
sanjple measurement errors (5.5.3);

sanjple transportation errors (5.5.4).

W

Y

Isokinetic sampling, where the local air flow velocity and the inlet velocity of the air entering the
sampling probe are equal, is relevant when sampling in unidirectional airflow conditions. To extract
the most statistically representative sample of the particles within this uniform volume of air, a suitably
designed and sized isokinetic sampling probe is used. This causes minimal deviation in airflow, thereby
reducing sampling errors and size distribution biasing.

10
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g —

\

)

Key

isokinetic sampling
super-isokinetic sampling
sub-isokinetic sampling

N A T NG Y

isokinetic sampling probe
Figure 2 — Isokinetic sampling and variants

Variations to sample airflow and instrument flowrates require suitable sizing, to achieve ispkinetic
donditions. For example, Tow-flowrate instruments will have smaller-diameter probe inlets, ahd high-
flow instruments will have larger diameter inlets for comparable sampling behaviour.

Super-isokinetic )sampling will typically yield an increase of smaller particles in relation fo large
particles, as‘the smaller particles are more likely to be redirected through the airstream, fand the
dmaller available opening restricts the sampling of large particles, that retain more momentunm within
tlhe airstiream and remain unsampled. Sub-isokinetic sampling offers a larger opening for overspmpling
large particles, but the airstream lines are now deflected due to a positive pressure at the inl¢t to the
Ils6kinetic sampling probe, that causes the smaller particles to be under-sampled.

A tolerance of 5 % sampling error around truly isokinetic sampling has historically been considered
acceptable (see Reference [5]). This value for tolerances is robust across a range of airflow velocities
and instrument flowrates. The tolerance is a function of how particles of different sizes slip within the
air-stream lines during a change in direction associated with either super-isokinetic or sub-isokinetic
sampling.

For example, a 28,3 1/min counter would use an isokinetic sampling probe measuring 36,5 mm in
internal diameter, for typical unidirectional airflow applications (airflow velocity = 0,45 m/s). Sampling
error ranges for +5 % for airflow velocities at probe height are illustrated in Figure 3 below. Considering
the tolerances for this instrument, the airflow velocity is within specification between 0,22 m/s and
0,54 m/s. For further information, see Reference [5].

©1S0 2023 - All rights reserved 11


https://standardsiso.com/api/?name=0a49c11aa56e90e928ce9bbc385a5913

ISO/TR 14644-21:2023(E)

8%

6 %

4.9 N\

2%

0%
0,23 0,3 0,36 0,4 0,5 0,54 055 X

2%

-4 %

-6 %

-8 %

-10 %
Key
X  airflow velocity at propehieight m/s
Y Sampling error
1 nonlinal airflowyelocity, standard probe

Figure 3 —Sampling error variations for 5,0 pm particles for 28,3 1/min flowrate instrument

5.5.2.3 Isoaxial sampling

Isoaxial sampling is a sub-component of isokinetic sampling. ISO 14644-1 requires that the sample
probe be directed to face toward the primary airflow direction - the angle of sampling is referred to
as 0° orientation. In practice, varying the angle of inlet toward the primary air creates an elliptical-
shaped probe orientation and this creates a change in how particles will ‘slip’ through the sampled
air, effectively changing the size of opening as per isokinetic sampling. Angles beyond 20° demonstrate
potential errors (see Reference [4]).

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=0a49c11aa56e90e928ce9bbc385a5913

ISO/TR 14644-21:2023(E)

5.5.3 Sample measurement errors

5.5.3.1 General

This section lists the major components of particle counter measurement and its variability, from both
design and practical application perspectives.

Aerosol particle counters function using the principles of light scattering. Laser optical particle counters
employ five major systems (see Figure 4):

Z

Particle Counter Size Channels

| Particle Pulses:

A(N/m?)
6,459,381

713,777
133,677
117,950
30,024
16,084
8,367
713

\I-\
Key
1 lasers and optics
4  viewing volume
3 photodetector
4 pulse height analyser
=

user interface

Figure 4 — Principal systems of a laser optical particle counter

5.53.2 Variable parameters in measurement

The following variables, and their impact, can be considered by the operator when sampling.

— Coincidence, where it is probable that two or more particles pass through the viewing volume at
the same electronic speed and are counted as a single larger particle. This effect typically only
occurs at, or near, the saturation point of the particle counter. Ensuring that intended maximum
concentrations are not near the saturation point of the selected particle counter will reduce the
influence of this factor.

— Contamination of the optical chamber can lead to reduced light scattering detection, especially if
the contamination is on the mirrors or photodetector. When significant contamination occurs, less
light is scattered than that recorded during calibration and the particle will appear smaller. This
will reduce the number of particles detected in a particular size range.
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There are other variables that cannot be compensated for by the operator. These “uncontrollable

variables” are detailed here to give an understanding of possible impact.

— The shape and orientation of the particle: particles are seldom smooth and shaped like the
polystyrene latex (PSL) spheres used in calibration. Such particles can be flakes of skin or jagged
fibers. When they float through the viewing volume sideways, they will scatter a different amount
of light than if they travel through lengthwise.

— The albedo (reflectivity) of the particle.

— Thfj wavelength of the laser.
— Collection optics.

— Thglaser intensity is not uniform.

1°2]

Calibratfion testing tries to normalize these parameters and gives a range of acceptable tolerance
based op a collective calibration review using controlled particle size standards (o¥er' which there i
also some discussion and variance). See ISO 21501-4.

1°2]

5.5.4 |Sample tubing issues

5.5.4.1| General

When a|sample is taken at a designated location, whether for classification or monitoring, and therg
is a reqhiirement for sample tubing to transport the sample from source to the point of measuremenit
(LSAPC), this section discusses the criteria that influence tzansport of particles and describes the besft
practicgs to assist with the design of an airborne particle counting sampling system.

As described in 5.5.3, there are inherent errors in sampling and in the tolerances of instrumentation: th
factors identified during transport are accumulative’to those errors, and need to be understood whel
determining appropriate measuring requirements for classification, where accuracy is primordial, o
for monjtoring. Use of any sample tubing will afféct what is measured, in relation to the source samplg:
it is the degree to which acceptable tolerances—can be achieved that is to be determined.

= o= U

5.5.4.2 | Sample tubing materials
There are several choices of tubjrg that can be used depending on the situation to be sampled.

Smoothtbored stainless steél is a preferred choice for fixed locations, as it is resistant to corrosion,
withstapds variable temperatures, and dissipates static build-up when grounded. Selection ensures it
is free from internal contamination and seams.

=

Bev-a-Line tubing with a Hytrel liner offers many of the properties of stainless steel, with the adde
advantgge of being' flexible and easy to replace. Attention is given to conductivity, temperature an
chemicdl exposire. For higher heat applications, Tygon PFA is used as it has a higher deformatio}
temperature_than other flexible tubing types. Hytrel does degrade in contact with certain chemicalg.
Where gpplications involve such chemicals, Tygon 2475 is used; it has a smooth lining and is nonreactivg.
Care is taken to replace with compatible tubing.

—

Selection of the internal diameter of tubing is often based on the Reynolds number calculation
performed to ensure turbulent flow, but this will require consideration of tubing length and bends.

Consideration is given to cleaning, drying and refitting tubing at appropriate intervals, using suitable
cleaning agents. A zero count is performed after refitting.

5.5.4.3 Sample tubing length

There are many mechanical dynamics that act on particles moving within tubing, to cause particle
attrition or sedimentation during transportation. These mechanical dynamics are correlative to tubing
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length, i.e. the longer the tubing, the more effect these forces have on particles in transit, and the greater
the attrition due to length.

To reduce the losses in straight linear horizontal tubing, turbulent flow within the tube ensures
sedimented particles are re-entrained into the flow stream and carried to the measurement location.
The Reynolds number (a dimensionless value for transport tubing that describes if the flow is
demonstrating turbulent or laminar flow characteristics) is considered to influence particle transport
efficiency.

The subsequent release to the LSAPC of particles sedimented in the sampling tubing can also disturb
fesults obtained.

Farticle losses in tubing principally demonstrate a combination of losses due to sedimentdtion for
particles 25,0 um, but submicron particles are also lost due to secondary forces acting-on'the pparticles,
quch as electrostatic attraction to tubing materials, Brownian motion, diffusion and thermophoretic
forces.

IIn Figure 5, an experimental relation between particle transport and tubenlength is shown fpr three
particle sizes.

Y
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perceritJoss
5,0 pm particles
1,0 um particles

085 ypym narticlac
3 SoHpartaere S

Figure 5 — Particle transport vs. tubing length: one example of findings from a manufacturer’s
particle loss experiment with 28,3 1/min flowrate and horizontal 10 mm tubing

5.5.4.4 Sample tubing bends

When tubing runs require a change of direction, the radius of each bend is assessed for particle losses.
When a particle travelling in a straight line is required to change direction, the inertia of the particle
relative to the streamlines of airflow can cause it to impact on the walls of the tubing in the bend and
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can be deposited. Depending on the particle's stopping distance, this impaction can be reduced by
ensuring a smooth transition through the change of direction.

Along-radius bend is preferred for transportation of particles in tubing for several reasons: it provides
a more gradual change in direction, and reflects the closest approach to straight tubing transport, also
the angle of impaction on the pipe wall is relatively small, minimizing the risk of attrition.

A common recommendation (see ASTM F50[¢]) is that tubing bend radius be >150 mm (for standard-
issue tubing used for 28,3 1/min instruments). However, the ‘ideal’ radius can change with different
tube section and flowrate, and the practicalities of such bend radius can make it difficult to sample at
the appropriate working position.

5.5.4.5| Other sample tubing considerations

Additional elements that can be added to sample tubing to ensure an engineering solution fof clean aif
devices|include the following components.

5.5.4.5.l Fittings and connectors

When tybing passes through a partition, enclosure panel, or a closed clean airdevice, a transition fittin
can be fequired. Care is taken to ensure that there are no shoulders or ébstructions that can reduc
the intefnal diameter of the tubing, and restrict a smooth transition through the transfer connectior.
Any chdnge of diameter can cause turbulence and create the potential for impaction of particles o}
the connector or tubing. The impact of connectors is consideredsas part of the overall assessment of
potentigl transportation losses.

WUy

=J

5.5.4.5.2 Valves

There afre applications where it is necessary to isolate ‘a particle counter. The primary use is wherg
cleaning agents can contaminate the internal optical, flow path of the particle counter and potentiall
degradg performance. To isolate the flow to the-particle counter, either capping the inlet to prevent
ingress jof air in conjunction with stopping the«dcuum source (external or internal pump), or using an
isolation valve, or series of valves, is employed:

o~

Adding ja valve to a system creates a potential particle trap, or a restriction to flow that may causg
particle|build-up. These accumulatedyparticles then have the potential to shed, at unknown intervals, i
quantities, or sizes, which cause utidesirable events.

=

Systemd are selected withoutvalves that restrict flow, as these present a greater potential for trappin
particlep and restricting fléw to the particle counter. Great care is taken to reduce the tubing length to
minimum: a relationship-exists between particle attrition and tubing length, and valves act in a simila
manner

Uy

R

To redufce the influence of valves on particle collection, dry, unwetted setting materials are used, t
reduce potentialsticking of particles and not degrade over time.

=

Where three-way valves are used the configuration allows for the ball valve to flow the sample aif

stream HavAa ot bt ot i nln cagabne vazlhngs s+ n s STy Ay ottty M S abi s o +hn Alacn
ATL \,LLI] LU LIIC Hbll CICIC CUUIITCL, VVIICIT 11T LT 11IVUT All(/lll] Ul.l\'ll HUJALAUAA- IIIC dUluUudliIvIT TtU LIIC CIUOU

position can then divert the sample to the third leg of the valve. The angle of this side flow is not part of
normal particle counting and can be acute (90°).

Twinned two-way valves can emulate the same functions as the three-way valve: care is taken to avoid
elongating the tubing length before the side flow valve, ensuring as short a dead leg as possible, and
reducing the period required to establish homogenous flow.

5.6 Decision tree

Sample tubing issues described in 5.5.4 above create the potential for particle losses to occur when
sampling airborne particles. The probability of losses increases when sampling larger particle sizes and
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when sample tubing is used. The process of considering particle loss and determining suitable sampling
of airborne particles can be evaluated using the decision tree (see Figure 6). This decision tree requires
consideration of probe orientation, sample tubing length, and sample tubing bends, before a decision
on the quality of the measurement can be determined. Other factors such as connections and valves on
the sample tubing line also need to be considered and evaluated when included along with tubing and
tubing bends.
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ISP

What is the primary airflow
direction (airflow concept)?

v

Unidirectional Airflow

v

(Mixed) Non-Unidirectional

Evaluation of the impact
of particle loss in tubin,
[See Note 3]

with or without tubing
(as required)
[See Note 1]
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|
|
|
|
|

= isokinetic sampling probe

Connectors

18

Tubing connectors can be required for transitions through machinery for sample measurement.
Efficient connectors have smooth bore and no step transitions, and do not significantly change tubing diameter.
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Valves Where isolation valves are employed, the flow can be through a full flow mechanism that does not
significantly reduce tubing diameter.

NOTE 1 Particle losses in these applications have a low impact on measurement quality.

NOTE 2  Particle losses in these applications can affect the quality of measurement. Additional information is
sought to understand the impact of the effects.

NOTE 3  Particle losses in these applications can affect the quality of measurement. A review of the system
installation is performed to fully evaluate the impact of particle losses.

Figure 6 — Decision tree

5.7 Examples of use of the decision tree

3.7.1 General

Three examples of how the decision tree is used for a clean zone withanidirectional vertical fair flow
dre shown below.

5.7.2 Example1

3.7.2.1 General

The instrument sample probe is connected directly to the counter, with no sample tubing. The ispkinetic
probe is facing the direction of airflow. Figure 7 provides a decision tree for Example 1.
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What is the primary airflow
direction (airflow concept)?

Unidirectional Airflow

Can the instrument inlet be
positioned to face the airflow, at
the correct location and
sampling height without tubing?

[
Jl YES Qq(/b

e

PERFORMED

QQ NO ASSESSMENT

ISP attached to LSAPC

SQ with or without tubing

(as required)

ISP =ISORITIetiC Sampting probe

Figure 7 — Decision tree Example 1

5.7.2.2 Potential advanced considerations

None

5.7.2.3 Points considered to reduce the risk

— The particle counter exhaust is HEPA filtered, or this exhaust is tubed out of the clean area.
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— Exhaust airflow can also cause turbulence within unidirectional area.

— Aerodynamic interference from the particle counter.
5.7.3 Example 2

5.7.3.1 General

The instrument sample probe is connected to the counter by 1,3 m of sample tubing and including 2
€Nds. The particie counter 13 MOUNted adjacent to the clean Zone. 1 1e 1SoRInetic probe 15 faping the
direction of airflow. Figure 8 provides a decision tree for Example 2.
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