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f) the test results, 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.
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Annex A
(normative)

Reference method for classification of air cleanliness by particle
concentration

A.1 Principle

A discrete-particle-counting instrument is used to determine the concentration of airborne particles,
equal to and greater than the specified sizes, at designated sampling locations.

A.2 Apparatus requirements

A.2.1 Particle-counting instrument

The instrument shall have a means of displaying or recording the count and size of discrete particles
in air with a size discrimination capability to detect the total particle concentration in the appropriate
particle size ranges for the class under consideration.

NOTE Light scattering (discrete) airborne particle counters (LSAPC) are commonly used for undertaking air
cleanliness classification.

A.2.2 Instrument calibration

The particle counter shall have a valid calibration certificate: the frequency and method of calibration
should be based upon current accepted practice as specified in 1SO 21501-4.[1

NOTE Some particle counters cannot be calibrated to all of the required tests in IS0 21501-4. If this is the
case, record the decision to use the counter in the test report.
A.3 Preparation for particle count testing

Prior to testing, verify that all relevant aspects of the cleanroom or clean zone that contribute to its
integrity are complete and functioning in accordance with its performance specification.

Care should be taken when determining the sequence for performing supporting tests for cleanroom
performance. ISO 14644-3, Annex A provides a checklist.

A.4 Establishment of sampling locations

A.4.1 Deriving 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?) Minimum number of sampling
less than or equal to locations to be tested (N
2 1
4 2
6 3
8 4
10 5
24 5]
28 7
32 =}
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.
NOTE 2 In the case of unidirectional airflow, the area may be considered as the cross
section of the moving air perpendicular to the direction of the airflow. In all other cases 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 N, sections of equal area,

¢) selectwithin each section a sampling location considered to be representative of the characteristics
of the section, and
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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 area of the cleanroom or clean zone is greater than 1 000 m2, apply Formula (A.1) to determine
the minimum number of sampling locations required.

A
N, =27 x|—— Al
L I1 nuny (A1)

where

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

A isthe area of the cleanroom in mZ2.

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

At each sampling location, sample a volume of air sufficient 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 [50 Class.

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

20
v, = lc—yx 1000 (A.2)

m_m

where
Vs isthe minimum single sample volume per location, expressed in litres (except see Annex D);

Cnm isthe class limit (number of particles per cubic metre) for the largest considered particle
size specified for the relevant class;

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

The volume sampled at each location shall be at least 2 |, 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 V5 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.5.5 If an out-of-specification count is found at a location due to an identified abnormal occurrence,
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 technical failure of the
cleanroom or equipment, then the cause should be identified, remedial action taken and retesting
performed of the failed sampling location, the immediate surrounding locations and any other locations
affected. The choice shall be clearly documented and justified.

A.6 Processing of results

A.6.1 Recording of results

Record the result of each sample measurement as the number of particles in each single sample volume
at each of the considered particle size(s) appropriate to the relevant 150 Class of air cleanliness.

NOTE For particle counters with a concentration calculation mode, the manual evaluation may not be
necessary.

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
number of particles per location at each considered particle size from the individual sample particle
concentrations, according to Formula (A.3).

_ X ., +X. 5 +...X.
-",- — il i.2 i.n [Jﬂl.j‘]
n

where

X, is the average number of particles at location i, representing any location;

Xxi1 toxin arethe number of particles in individual samples;

n is the number of samples taken at location .
A.6.1.2 Calculate the concentration per cubic metre

x; %1000
€=y (A4)
t

where

Ci is the concentration of particles per cubic metre;

m is the average number of particles at location i, representing each location;
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V¢ is the selected single sample volume in litres.

A.6.2 Interpretation of results

A.6.2.1 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 or Formula (E.1) should be used.

A.6.2.2 Out-of-specification result

In the event of an out-of-specification count, an investigation shall be undertaken. The result of the
investigation 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.1 Example 1

B.1.1 A cleanroom has a floor area of 18 m2 and is specified to be ISO Class 5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 | per minute.
Two particle sizes are considered: D= 0,3 ym and D 2 0,5 pm.

The number of sampling locations, N, 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:

Cp (20,3 pm) = 10 200 particles/m3
Cp (2 0,5 pm) = 3 520 particles/m?3

B.1.3 The required single sample volume can be calculated from Formula [A.2) as follows:

V. = 20 yxlﬂm}

m.m

vo=1-2% 11000
3520

V, =(0,00568)x1000
V, = 5,68 litres

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

NOTE In A4.4, the minimum sample volume for the procedure is set by calculating the minimum sample
volume as shown above and then determining the sample volume obtained for the operation of the particle
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 20,3 pm

Sampling Sample 1 Location sample | Location concentration | IS0 Class5limit | Pass/fail
location xiz 0,3 pm average average for 0,3 pm
(counts per (counts per (counts per m? = particle size
28,31) 28,21) location average x 35,3)
1 245 245 8649 10 200 Pass
2 185 185 6531 10 200 Pass
3 59 59 2 083 10 200 Pass
4 106 106 3742 10 200 Pass
5 164 164 5789 10 200 Pass
] 196 196 6919 10 200 Pass
Table B.2 — Sampling data for particles = 0,5 pm
Sampling Sample 1 Location sample | Location concentration | 150 Class 5 limit | Pass/fail
location x;i 20,5 um 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 3520 Pass
4 247 3520 Pass
5 22 22 777 3520 Pass
3] 25 25 883 3520 Pass

B.1.5 Each value of the concentration for D = 0,3 pm is less than the limit of 10 200 particles/m3 and
Dz 0,5 pm is less than the limit of 3 520 particles/m? as established in B.1.2; therefore, the air cleanliness
by particle concentration of the cleanroom meets the required 1SO Class.

B.2 Example 2

B.2.1 A cleanroom has a floor area of 9 m? and is specified to be ISO Class 3 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 50,0 | per minute.
Only one particle size (D = 0,1 pm) is considered.

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

B.2.2 The particle concentration limit for IS0 Class 3 at = 0,1 pm is taken from Tahle 1:

Cp (20,1 pm) =1 000 particles/m3

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

V., =

5

14

20

n,m

20

1000

x 1000

}XIGDD
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v, =(0.02)x1000
V. = 20,0litres

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 | would be sampled for each single sample volume.

B.2.4 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.3.

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

Sampling Sample 1 Location sample | Location concentration | IS0 Class 3 limit | Pass/fail
location xiz0,1 pm average average forz0,1 pm
(counts per | (counts per 50,01) (counts per m3 = particle size
50,01) location average x 20)
1 46 46 920 1 000 Pass
2 47 47 940 1000 Pass
3 46 46 920 1000 Pass
4 44 3 880 1000 Pass
5 g 9 180 1000 Pass

B.2.5 Each value of the concentration for D = 0,1 pm is less than the limit of 1 000 particles/m3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the
required 150 Class.

B.3 Example 3

B.3.1 A cleanroom has a floor area of 64 m2 and is specified 1SO Class 5 in operation. The classification
is to be performed using a discrete-particle counter having a flow rate of 28,3 | per minute. Only one
particle size (D =z 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 = 0,5 pum is taken from Table 1:

Cy (2 0,5 um) = 3 520 particles/m3

B.3.3 The required single sample volume can be calculated from Formula [(A.2) as follows:

vo— ﬂyﬂoon
c

nam

v =122 |x1000
3520

=
I

[0,00563] 1000
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V, = 5.68litres

The single sample volume has been calculated to be 5,68 |. 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 | 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.

Table B.4 — Sampling data for particles 2 0,5 pm

Sampling Sample 1 Location sample Location concentration | IS0 Class 5 limit | Pass/fail
location Xiz 0,5 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 3520 Pass
3 a9 a9 3142 3520 Pass
4 49 49 1730 3520 Pass
5 10 10 353 3520 Pass
] 60 60 2118 3520 Pass
7 18 18 635 3520 Pass
8 44 Ex 3 1553 3520 Pass
g 59 59 2083 3520 Pass
10 51 51 1800 3520 Pass
11 (3] 6 212 3520 Pass
12 31 31 1094 3520 Pass

B.3.5 Each value of the concentration for I = 0,5 pm is less than the limit of 3 520 particles/m3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the
required IS0 Class.

B.4 Example 4

B.4.1 A cleanroom has a floor area of 25 mZ and is specified to be ISO Class 5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 | per minute.
Only one particle size (D = 0,5 pm) is considered.

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

B.4.2 The particle concentration limit for SO Class 5 at 2 0,5 pm is obtained from Table 1 as follows:

Cyn (2 0,5 pm) = 3 520 particles/m3

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

20

V. =|-

5

»* 1000

n,m
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V=20
¥ |3520

V, =(0,00568x 1000

]xlﬂDD

Vs = 5,68 litres

The single sample volume has been calculated to be 5,68 1. As the discrete-particle counter being 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 | would be sampled for each single sample volume.

B.4.4 The number of sampling locations required from Table A1 is 7, however, this example shows
that the customer and supplier have agreed to add an additional 3 locations, making 10 in total. At each
sampling location the number of single sample volumes varies from 1 to 3.

B.4.5 Forrecording purposes, the number of particles (concentration) per cubic metre, x;, is calculated
from the average count per unit volume (28,3 1) at each location (28,3 = 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 IS0 Class | Pass/fail
location | x;z0,5pum | x;2z0,5pum | x;2 0,5 pum | sample concentration 5 limit
[comnts per (counts per | (counts per | average average for 2 0,5 pm
28 3 ll}] 28,31) 28,31) (counts (counts per particle size
! per m? = 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 3 520 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 not meet 150
Class 5 maximum particle count criteria of 3 520. At location 3 and location 9, one of the 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 IS0 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 um) 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 pm is obtained from Table E.1.

2.08
¢, (> 0.5um) = 10" xl%l] where N = 7.5 and D = 0,5;m

2,08
E]

C, (2 0.50m) =107 x 0

C, (= 0,5um| = 31622777 % 0,03516757

c, (lj D,5|J,m) = 1112096 rounded to three significant digits = 1110000 particles,-"m3

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

20

Vo=

5

= 1000

n.m

20
1112000

5

yx 1000 = 0,01799 litres

The single sample volume has been calculated to be 0,01799 1. As the discrete-particle counter being
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 | would be sampled for each single sample volume.

B.5.4 At each sampling location the number of single sample volumes varies from 1 to 3. The number
of particles per cubic metre, x;, is calculated for each location and recorded in Table B.6.

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

Sampling | Sample 1 Sample 2 Sample 3 Location Location ISO Class | Pass/
location xiz205pm | x;20,5pm | x;20,5pm | sample con:s;:rt;a:iun 7,5 limit for fall
(counts per | (counts per | (counts per | average [cnuntsg er 0,5 pm
28,31) 28,31) 28,31) (counts 3= pi particle
28,31) | T = ocaron size
Per =%, average x 35,3)

1 11 679 11 679 412 269 1110000 Pass
2 9045 9045 319 289 1110000 Pass
3 12 699 12 699 448 275 1110 000 Pass
4 26232 27 555 34632 29473 1040 397 1110000 Pass
5 7839 7839 276 717 1110 000 Pass
6 13 669 13 669 482 516 1110 000 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 [SO 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 SO Class.
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B.6 Example 6

B.6.1 A cleanroom has a floor area of 2 100 mZ 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, N, given by Table A.1 is limited to cleanrooms of 1 000 m?2 area.

For a cleanroom of 2 100 mZ2, the number of sampling locations, Ni, is derived from Formula (A.1):

27

2100 = = 56.7 rounded to 57

B.6.2 The particle concentration limit for ISO Class 7 at = 0,5 pum is taken from Table 1:

€n (2 0,5 um) = 352 000 particles/m3

B.6.3 The required single sample volume can be calculated from Formula (A.2) as follows:

v~ 129 | 1000
N

mam

20

. %1000
352000

v —(U,ﬂﬂﬂﬂSﬁB)xiﬂDD
V, = 0,0568 litres

The single sample volume has been calculated to be 0,0568 1. As the discrete-particle counter being
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 | would be sampled for each single sample volume.

B.6.4 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 Tahle B.7.
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Table B.7 — Sampling data for particles 2 0,5 pm

Sampling Sample 1 Location sample Location concentration | IS0 Class 7 limit | Pass/fail
location average (counts per average for 0,5 pm
xi20,5um . .
(counts per 28,31) (counts per m? = location particle size
28,31) average x 35,3)
1 5678 5678 200 434 352 000 Pass
2 7654 7 654 270187 352 000 Pass
3 2398 2398 84 650 352 000 Pass
4 4578 4578 161 604 352 000 Pass
5 8765 8765 309 405 352 000 Pass
6 4 877 4 877 172 159 352 000 Pass
7 B 723 8723 307 922 352 000 Pass
B 7632 7632 269 410 352 000 Pass
9 7 643 7 643 269 798 352 000 Pass
10 6 756 6 756 238 487 352 000 Pass
11 5678 5678 200434 352 000 Pass
12 5476 5476 193 303 352 000 Pass
13 8576 8576 302 733 352 000 Pass
14 7765 7765 274 105 352 000 Pass
15 3 456 3456 121997 352 000 Pass
16 5 888 5 888 207 847 352 000 Pass
17 3459 3 459 122 103 352 000 Pass
18 7 666 7 666 270 610 352 000 Pass
19 8567 8567 302 416 352 000 Pass
20 8345 8345 294 579 352 000 Pass
21 7998 7998 282 330 352 000 Pass
22 7 665 7 665 270 575 352 000 Pass
23 7 789 7789 274952 352 000 Pass
24 B 446 8 446 298 144 352 000 Pass
25 8335 81335 294 226 352 000 Pass
26 7988 7988 281977 352 000 Pass
27 7823 7823 276 152 352 000 Pass
28 7911 7911 279 259 352 000 Pass
29 7 683 7683 271 210 352 000 Pass
30 7935 7 935 280 106 352 000 Pass
3 6534 6534 230651 352 000 Pass
32 4 667 4 667 164 746 352 000 Pass
33 6 565 6565 231745 352 000 Pass
34 8771 8771 309 617 352 000 Pass
35 5076 5076 179183 352000 Pass
36 6678 6678 235734 352 000 Pass
37 7100 7100 250 630 352 000 Pass
38 8603 8003 303 686 352000 Pass
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Table B.7 (continued)
ﬁampling Sample 1 anati:;:n sample Location concentration ISOrClausss 7 limit | Pass/fail
ocation . average counts per average oruv,opm
Ef;fu?l’ti "1;'; 28,31) (counts per m3 = location particle size
28,31) average x 35,3)
39 7609 7609 268 598 352 000 Pass
40 7956 7956 280 847 352 000 Pass
41 7477 7477 263939 352 000 Pass
42 7145 7145 252 219 352000 Pass
43 6998 6998 247 030 352 000 Pass
44 7 653 7653 270151 352000 Pass
45 6 538 6 538 230792 352 000 Pass
46 3679 3679 129 869 352 000 Pass
47 4 887 4 887 172512 352 000 Pass
48 7 648 7 648 269975 352 000 Pass
49 8748 8748 308 BOS 352 000 Pass
50 7689 7 689 271 422 352000 Pass
51 7345 7 345 259 279 352 000 Pass
52 7 888 7888 278 447 352 000 Pass
53 7765 7765 274 105 352 000 Pass
54 61997 6997 246995 352 000 Pass
55 6913 6913 244 029 352 000 Pass
56 7 474 7 474 263 833 352000 Pass
57 8776 8776 309 793 352000 Pass

B.6.5 Each value of the concentration for D =z 0,5 pum is less than the limit of 352 000 particles/m3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the
required 150 Class.
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Annex C
(informative)

Counting and sizing of airborne macroparticles

C.1 Principle

In some situations, typically those related to specific process requirements, alternative levels of air
cleanliness may be specified on the basis of particle populations that are not within the size range
applicable to classification. The maximum permitted concentration of such particles and the choice of
test method to verify compliance are matters for agreement between the customer and the supplier.
Considerations for test methods and prescribed formats for specification are given in C.2.

C.2 Consideration of particles larger than 5 pm (macroparticles) — M descriptor

C.2.1 Application

If contamination risks caused by particles larger than 5 pm are to be assessed, sampling devices and
measurement procedures appropriate to the specific characteristics of such particles should be employed.

The measurement of airborne particle concentrations with size distributions having a threshold
size between 5 pm and 20 pm can be made in any of three defined occupancy states: as-built, at-rest
and operational.

As particle liberation within the process environment normally dominates the macroparticle fraction of
the airborne particle population, the identification of an appropriate sampling device and measurement
procedure should be addressed on an application-specific basis. Factors such as density, shape, volume
and aerodynamic behaviour of the particles need to be taken into account. Also, it may be necessary to
put special emphasis on specific components of the total airborne population, such as fibres.

C.2.2 M descriptor format

The M descriptor may be specified as a complement to the air cleanliness class by particle concentration.
The M descriptor is expressed in the format

“1SO M (a; b); c”

where

a is the maximum permitted concentration of macroparticles (expressed as macroparticles per
cubic metre of air);

b is the equivalent diameter (or diameters) associated with the specified method for measuring
macroparticles (expressed in micrometres);

¢ isthe specified measurement method.

EXAMPLE 1  To express an airborne concentration of 29 particles/m? in the particle size range = 5 pm based
on the use of an LSAPC, the designation would be: "ISO M (29; 2 5 pm); LSAPC".

EXAMPLEZ  To express an airborne particle concentration of 2 500 particles/m3 in the particle size range

of = 10 pm 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 pm); time-of-flight aerosol particle counter”,
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EXAMPLE3  To express an airborne particle concentration of 1 000 particles/m3 in the particle size range of
10 to 20 pm, 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”.

NOTE1  If the population of airborne particles being sampled contains fibres, they can be accounted for hy
supplementing the M descriptor with a separate descriptor for fibres, which has the format “Mgipre (a; B); ¢”.

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

C.3 Airborne particle count for macroparticles

C.3.1 Principle

This test method describes the measurement of airborne particles with a threshold size larger
than 5 pm in diameter (macroparticles). The procedure given in C.3 has been adapted from [EST-G-
CC1003:1999.[2] Measurements can be made in a cleanroom or clean zone installation in any of the three
designated occupancy states: as-built, at-rest or operational. The measurements are made to define the
concentration 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
operations is emphasized.

C.3.2 General

The number of sampling locations, location selection and quantity of data required should be
in accordance with A4, The customer and supplier should agree upon the maximum permitted
concentration of macro-particles, the equivalent diameter of the particles and the specified
measurement method. Other appropriate methods of equivalent accuracy and which provide equivalent
data may be used by agreement between customer and supplier. If no other method has been agreed
upon, or in case of dispute, the reference method in Annex C should be used.

C.3.3 Sample handling considerations

Careful sample collection and handling is required when working with macroparticles. A complete
discussion of the requirements for 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.[Z]

C.3.4 Measurement methods for macroparticles

There are two general categories of macroparticle measurement methods. Comparable results may not
be produced if different measurement methods are used. Correlation between different methods may
not be possible for this reason. The methods and particle size information produced by the various
methods is summarized in C.3.4.1 and C.3.4.2.

C.3.4.1 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) filter collection and microscopic measurement (C.4.2.2) will report macroparticles using particle
size based upon the agreed diameter;

b) cascade impactor collection and microscopic measurement (C.4.2.3) will report macroparticles
using particle size based upon the choice of reported particle diameter.

C.4 Methods for macroparticle measurement

C.4.1 Macroparticle measurement without particle collection

C.4.1.1 General

Macroparticles can be measured without collecting particles from the air. The process involves optical
measurement of the particles suspended in the air. An air sample is moved at a specific flow rate
through a LSAPC, which reports either the equivalent optical diameter or the aerodynamic diameter of
the particles.

C.4.1.2 Light-scattering particle counter (LSAPC) measurement

Procedures for macroparticle measurement using an LSAPC are the same as those in Annex A for
airborne particle count with one exception. The exception is that the LSAPC in this case does not require
sensitivity for detection of particles less than 1 pm since data are required only for macroparticle
counting. Care is required to ensure that the LSAPC samples directly from the air at the sampling
location. The LSAPC should have a sample flow rate of at least 28,3 1/min and should be fitted with an
inlet probe sized for isokinetic sampling in unidirectional flow zones. In areas where non-unidirectional
flow exists, the LSAPC should be located with the sample inlet facing vertically upward.

A sampling probe should be selected to permit close to isokinetic sampling in areas with unidirectional
flow. If this is not possible, set the sampling probe inlet facing into the predominant direction of
the airflow; in locations where 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. The transit
tube from the sampling probe inlet to the LSAPC sensor should be as short as possible. For sampling of
particles larger than and equal to 1 pm, the transit tube length should not exceed the manufacturer’s
recommended length and diameter, and will typically be no longer than 1 m in length.

Sampling errors due to large particle loss in sampling systems should be minimised.

The LSAPC size range settings are established so that only macroparticles are detected. The data from
one size below 5 pm should be recorded to ensure that the concentration of detected particles below the
macroparticle size is not sufficiently high to cause coincidence error in the LSAPC measurement. The
particle concentration in that lower size range, when added to the macroparticle concentration, should not
exceed 50 % of the maximum recommended particle concentration specified for the LSAPC being used.

C.4.1.3 Time-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.

C.4.2 Macroparticle measurement with particle collection

C.4.2.1 General

Macroparticles can be measured by collecting particles from the air. An air sample is transported at a
specific flow rate through a collection device. Microscopic analysis is used to count the collected particles.

NOTE The mass of the collected particles can also be determined but since the air cleanliness is determined
by number concentration this is not addressed in this part of 1S0 14644.

C.4.2.2 Filter collection and microscopic measurement

Select a membrane filter and a holder or a pre-assembled aerosol monitor; a membrane with pore
size of 2 pm or fewer should be used. Label the filter holder to identify the filter holder location and
installation. Connect the outlet to a vacuum source that will draw air at the required flow rate. If the
sampling location in which macroparticle concentration is to be determined is a unidirectional flow
area, the flow rate should be established to permit isokinetic sampling into the filter holder or aerosol
monitor inlet and the inlet should face into the unidirectional flow.

Determine the sample volume required by using Formula (C.1).

Remove the cover from the membrane filter holder or aerosol monitor and store in a clean location.
Sample the air at the sampling locations as determined by agreement between the customer and
supplier. If a portable vacuum pump is used to draw air through the membrane filter, the exhaust from
that pump should be vented outside the clean installation or through a suitable filter. After the sample
collection has been completed, replace the cover on the filter holder or aerosol monitor. The sample
holder should be transported in such a manner that the filter membrane is maintained in a horizontal
position at all times and is not subjected to vibration or shock between the time the sample is captured
and when it is analysed. Count the particles on the filter surface (see ASTM F312-08).13]

C.4.2.3 Cascade impactor collection and measurement

In a cascade impactor particle separation is carried out by inertial impaction of particles. The sampled
airflow passes through a series of jets of decreasing orifice size. The larger particles are deposited
directly below the largest orifices and smaller particles are deposited at each successive stage of the
impactor. The aerodynamic diameter correlates directly with the regional collection of particles in the
impactor flow path.

For the measurement of the air cleanliness by particle concentration a type of cascade impactor meant
for collection and counting of macroparticles can be used. In this one the particles are deposited upon
the surfaces of removable plates that are removed for subsequent microscopic examination. 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
selected particle size at the determined concentration limit.
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The single sample volume, V, per sampling location is determined by using Formula (C.1):

V:zl:l

5

%1000 (C.1)

nm

where

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

Chm isthe class limit (number of particles per cubic metre) for the largest considered particle
size specified for the relevant class;

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

Where information on the stability of macroparticle concentration is required, make three or more
measurements at selected locations at time intervals agreed between customer and supplier.

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

C.6 Testreports for macroparticle sampling

The following test information and data should be recorded:

a)
b)
c)
d)
e)
f)
g)
h)
i)

j)

k)

definition of the particle sizes to which the apparatus responds;

measurement method;

method of measurement of M descriptor level or limit as an adjunct to the ISO Class;

type designations of each measurement instrument and apparatus used and its calibration status;
ISO Class of the installation;

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

apparatus inlet sample flow rate and flow rate through sensing volume;

sampling location(s);

sampling schedule plan for classification or sampling protocol plan for testing;

occupancy state(s);

other relevant data 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 pm); LSAPC” and for 20 particle/m3
the designation would be “ISO M (20; = 5 pm); LSAPC” (see Table 1, Note f).
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Annex D
(informative)

Sequential sampling procedure

D.1 Background and limitations

D.1.1 Background

In some circumstances where it is necessary or required to classify a clean controlled environment
with a very low particle concentration at the class limit, sequential sampling is a useful technique that
allows reduction of the sample volume and sampling time. The sequential sampling technique measures
the rate of counting and predicts the likelihood of passing or failing to meet the requirements of the 1SO
Class. If the air being sampled is significantly more or significantly less contaminated than the specified
class concentration limit for the considered particle size, use of the sequential sampling procedure can
reduce sample volumes and sampling times, often dramatically.

Some savings may also to be realized when the concentration is near the specified limit. Sequential
sampling is most appropriate for air cleanliness of IS0 Class 4 or cleaner. It may also be used for other
classes when the limit for the chosen particle size is low. In that case, the required sample volume may
be too high for detecting 20 expected counts.

NOTE For further information on sequential sampling, see IEST-G-CC1004[4] or ]IS B 9920:2002.13]

D.1.2 Limitations

The principal limitations of sequential sampling are

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

b) each sample measurement requires supplementary monitoring and data analysis, which can be
facilitated through computerised automation, and

¢) particle concentrations are not determined as precisely as with conventional sampling procedures
due to the reduced sample volume.
D.2 Basis for the procedure

The procedure is based on comparison of real-time cumulative particle counts to reference count
values. Reference values are derived from formulae for upper- and lower-limit boundaries:

upper limit: Crapn =396+ 1,03 F (D.1)
lower limit: Cpass = -3,96+ 1,03 £ (D.2)
where

Crai)  is the upper limit for the observed count;
Cpass 15 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, V, is calculated as follows:

5
.

v, =l 20 yxlm}ﬂ (D.3)

where
Vs is the minimum single sample volume per location, expressed in litres;

Chm  isthe class limit (number of particles per cubic metre) for the considered particle size speci-
fied for the relevant class;

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

The total sampling time t; is calculated as follows:
t, =— (D.4)

where
Ic is the accumulative sample volume (litres);

@ isthe sampling flow rate of the particle counter (litres/s).
The expected count is defined as follows:

B @xtxC

D.5
1000 (D:5)

where
t issampling time (in seconds).

To aid in understanding, a graphical illustration of the sequential sampling procedure is provided in
Figure D.1. As air is being sampled at each designated sampling location, the running total particle
count is continuously compared to the expected count for the proportion of the prescribed total volume
that has been sampled. If the running total count is less than the lower limit Cy;55 corresponding to the
expected count, the air being sampled is found to meet the specified class or concentration limit, and
sampling is halted.

If the running count exceeds the upper limit Cgsj) corresponding to the expected count, the air being
sampled fails to meet the specified class or concentration limit, and sampling is halted. As long as the
running count remains between the upper and lower limits, sampling continues until the observed
count becomes 20 or the cumulative sample volume, V, becomes equal to the minimum single sample
volume, V, where the expected count becomes 20,

In Figure D.1, the number of observed counts, (, 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 € = 20, the maximum
observed count allowed.
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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 concentration
precisely at the specified class level. The passage of time corresponds to increasing numbers of expected
counts, with £ = 20 representing the time required to accumulate a full sample volume if the particle
concentration were at the class limit.

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

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

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

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

5) ifthe 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 the cumulative 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 IS0 Class 3 (0,1 pm, 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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NOTE The sampling flow rate of particle counter is 0,0283 m3/min (28,3 1/min or 0,47 1/5).
b) Preparation before measurement — method for calculation of limit values.

Table D.1 shows the calculation result. First, the expected count is calculated based on sampling
time. Next, the upper reference count and the lower reference count are calculated by using

Formulae (D.1) and (D.2), or Figure D.1.

Table D.1 — Calculation tabulation of the upper and lower reference count

Measurement | Sampling Total Expected count |Upper limit for the| Lower limit for
period time (s) sampled air observed count the observed
volume count
. According to Ctail = Cpass =
‘ fiere Formula (D.5) 396+ 1,03 E -3,96 + 1,03 E
1st 5 2,4 2,4 7 (6,4) N.A.(-1,5)
2nd 10 4,7 4,7 9(8,8) 0(0,9)
3rd 15 71 71 12 (11,2) 3(3,3)
4th 20 9,4 9,4 14 (13,7) 5(5.8)
5th 25 11,8 11,8 17 (16,1) 81(8.2)
6th 30 14,2 141 19 (18,5) 10 (10,6)
7th 35 16,5 16,5 20(21,00 13 (13,0)
8th 40 18,9 18,9 20 (23.4) 15(15,5)
9th 45 21,2 21,2 21 20
NOTE  The numeric value in parentheses shows the result of calculation of the upper and lower limits for the observed
count to one decimal place. However, as the actual data are integer values, each calculated value is handled at the time of
evaluation as the integer value shown.
The upper limit for the observed count is rounded up to the first decimal place of calculated value.
The lower limit for the observed count is rounded down to the first decimal place of calculated value.
When Cpass calculated according to Formula (D.2) is negative, it is denoted by "N.A. (not applicable). In this case, we cannot
conclude that the air cleanliness satisfies the target IS0 Class, even if the observed count is zero.

c) Evaluation using sequential sampling procedure.

The expected count provided in the first measurement is 2,4; it is judged to “FAIL" when the
observed count is greater or equal to 7. However, when the observed count during this sampling
period is between 0 and 6, the result cannot be judged. In this case, sampling is continued. When
sampling is continued, the cumulative observed count may increase. Sampling is continued until
either the prescribed single sample volume is achieved or the observed count has crossed one of the
lines for Cpass or Craj), respectively. If the cumulative observed count is 20 or fewer at the end of the
prescribed sampling period and has not crossed the upper line, the air cleanliness classification is
judged to “PASS". If the cumulative observed count is less than or equal to the rounded down values
for Cpass before achieving the full sampling period, the sampling is stopped and the classification is
judged to "PASS",

D.4.2 Example 2

Evaluation of a cleanroom with a target air cleanliness of ISO Class 3 (0,5 pm,
35 particles/m3) by the sequential sampling procedure. The sampling flow rate of the particle counter

(Q) is 0,0283 m3/min = 0,47 I/s.
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Calculate the single sample volume, Vs, according to Formula (D.3).

20 20

x 1000 = P »x 1000 = 571,429 litres (D.6)

n,m

Calculate the total sampling time, t;, according to Formula (D.4). This is the longest time necessary to
evaluate the sampling location. The sequential sampling procedure should shorten this time.

V.
t, =% =1211,55 = 20,19 min (D.7)
@

Calculate the result table:
1) calculate the expected count, E, according to Formula (D.5);

Wt
o & Cnm (D.8)
1000
2) calculate the upper and lower limit for the observed count according to Formulae (D.1) and (D.2);

3) the calculation result is shown in Table D.2 and Figure D.2.

Table D.2 — Calculation result of the total sample air volume, expected count, upper limit
and lower limit

t t Total sampled air | Expected count, Limits
(min) (s) volume, @ x ¢t E Upper, Crail Lower, Cpass

1 60 28,3 1,0 5 (5,0) N.A. (~2,9)
2 120 56,6 2,0 7 (6,0) N.A. (-1,9)
3 180 84,9 3,0 8 (7,0) N.A. (-09)
4 240 113,2 4,0 9 (8,0) 0(0,1)

5 300 141,5 5,0 10 (9,1) 1(1,1)
[&] 360 169,8 59 11 (10,1) 2(2.2)
7 420 198,1 6,9 12 (11,1) 3(3,2)
8 480 2264 79 13 (12,1) 4 (4,2)

9 540 254,7 8.9 14 (13,1) 5(5,2)
10 600 283,0 99 15 (14,2) 6 (6,2)
11 660 311,3 10,9 16 (15,2) 7 (7,3)
12 720 339,6 11,9 17 (16,2) 8(8,3)
13 780 367,9 12,9 18 (17,2) 9(9,3)
14 840 396,2 13,9 19 (18,2) 10 (10,3)
15 900 424,5 14,9 20 (19,3) 11 (11,3)
16 960 452,8 15,8 20 (20,3) 12 (12,4)
17 1020 481,1 16,8 20 (21,3) 13 (13.4)
18 1080 509,4 17,8 20 (22,3) 14 (14,4)
19 1140 537,7 18,8 20 (23,3) 15 (15,4)
20 1200 566,0 19,8 20 (24,4) 16 (16,4)

20,19 =t; 12115 571,429 =15 20 21 20

In Figure D.2, the upper and lower limits for the observed count are plotted versus the count acquisition
time. Each vertical bar shows the limits (upper and lower) at 1-min intervals.
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Figure D.2 — Graphical representation of the pass or fail boundaries for sequential sampling

Compare the cumulative observed count and the upper and lower limits and apply the procedure
described in D.3.

a) Fail situation, see Table D.3.

Table D.3 — Example sequential sampling particle counts

Limit for the cumulative ob- Observed Cumulative
t(min) | £(s) Ec):;:;::tte; served count &:::_':[]:tg observed Result
! Upper, Ctail Lower, Cpass interval count, C
1 60 1,0 5 N.A. 2 2 Continue
2 120 2,0 7 N.A. 3 5 Continue
3 180 3.0 8 MN.A. 1 8 Continue
4 240 4.0 9 0 0 6 Continue
5 300 5,0 10 1 5 11 FAIL

The expected count provided in the first measurement is 1,0; the cumulative observed count is
judged to “FAIL" when it is greater than or equal to 5. However, when the cumulative observed
count is between 0 and 5, it cannot be judged. In the present example, the sampling has to be
continued. When the sampling is continued, the cumulative observed count increases. However,
it is easy to judge because both the expected count and the reference count increase. In the 5th

measurement (£ = 300 s), the cumulative observed count is 11 and exceeds the upper limit (10).
Then it is judged to "FAIL."
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Table D.4 — Example sequential sampling particle counts

. d Limits for the cumulative Observed | Cumulative
( mtin] [:] c’;‘:ﬁ;}} observed count count during| observed Result
s Upper, Cail Lower, Cpass interval count, €
1 60 1.0 5 N.A. 0 0 Continue
2 120 2.0 7 N.A. 0 0 Continue
3 180 3.0 a8 N.A. 0 0 Continue
4 240 4.0 9 0 0 0 PASS

The expected count provided in the first measurement is 1,0, the cumulative observed count is
judged to "FAIL" when it is greater than or equal to 5. However, when the observed count is between
0 and 5, it cannot be judged. In the present example, the sampling is continued, but the cumulative
observed count does not increase. In the 4th measurement (t = 240 s), the cumulative observed
count is 0 and is equal to the lower limit (0). Then it is judged to “PASS.”
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Annex E
(informative)

Specification of intermediate decimal cleanliness classes and
particle size thresholds

E.1 Intermediate decimal cleanliness classes
If intermediate decimal cleanliness classes are required, Table E.1 should be used.

Table E.1 provides the permitted intermediate decimal air cleanliness classes. Uncertainties associated
with particle measurement make increments of less than 0,5 inappropriate, and the notes beneath the

table identify restrictions due to sampling and particle collection limitations.

Table E.1 — Intermediate decimal air cleanliness classes
by particle concentration

Concentration of particles (particles/m3)a
IS0 Class number
(") 0,1 0,2 0,3 0,5 1,0 5,0
IS0 Class 1,5 [32]b d d d d e
IS0 Class 2,5 316 [75]0 [32]b i i e
IS0 Class 3,5 3 160 748 322 111 d e
150 Class 4,5 31600 7480 3220 1110 263 e
IS0 Class 5,5 316 000 74 800 32 200 11 100 2 630 e
150 Class 6,5 3 160 000 748 000 322 000 111 000 26 300 925
ISO Class 7,5 c c c 1110000 263 000 9250
IS0 Class 8,5f c ¢ ¢ 11 100 000 2630000 92 500

procedure.

[ This class is only applicable for the in-operation state.

¢ Concentration limits are not applicable in this region of the table due to very high particle concentration.

@  All concentrations in the table are cumulative, e.g. for IS0 Class 5,5, the 11 100 particles shown at 0,5 pm include all
particles equal to and greater than this size.

b These concentrations will lead to large air sample volumes for classification. See Annex D, Sequential sampling

d  Sampling and statistical limitations for particles in low concentrations make classification inappropriate.

¢ Sample collection limitations for both particles in low concentrations and sizes greater than 1 pm make classification
inappropriate, due to potential particle losses in the sampling system.

34
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E.2 Intermediate particle sizes

If intermediate particle sizes are required for any integer or decimal class, Formula (E.1) may be used
to determine the maximum particle concentration at the considered particle size:

2,08
c, = 10" xlgl (E.1)

where

Cy is the maximum permitted concentration (particles per cubic metre) of airborne particles that

are equal to and greater than the considered particle size. C; is rounded to the nearest whole
number, using no more than three significant figures;

N isthe IS0 Class number, which shall not exceed a value of 9 or be less than 1;
is the considered particle size, in micrometres, that is not listed in Table 1;

K isaconstant, 0,1, expressed in micrometres.
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Annex F
(informative)

Test instruments

F.1 Introduction

This annex describes the measuring apparatus that should be used for the recommended tests given in
Annexes A, Cand D.

In this annex, data given in Tables F.1 and E2 indicate the minimum necessary requirements for each
item of apparatus. Measuring apparatus should be chosen subject to agreement between the customer
and supplier.

This annex is informative, and should not prevent the use of improved apparatus as it becomes available.
Alternative test apparatus may be appropriate and may be used subject to agreement between customer
and supplier.

F.2 Instrument specifications

The following instruments should be used for the recommended tests given in Annexes A, Cand D:

a) light scattering (discrete) airborne particle counter (LSAPC);
NOTE The specifications for the LSAPC are given in IS0 21501-4:2007.11
b) discrete-macroparticle counter;
c) time-of-flight particle sizing apparatus;
d) microscopic measurement of particles collected on filter paper. See ASTM F312-8.13]

The terms and definitions for these instruments are given in Clause 3,

Table F.1 — Specifications for discrete-macroparticle counter

Item Specification

The minimum detectable size should be in the range 5 to 80 pm and be
appropriate for the particle size under consideration and the instrument

Measuring limits capability. The maximum particle number concentration of the LSAPC should
be equal to or higher than maximum expected concentration for the particles
under consideration

Resolution 20 % for calibration particles of a size specified by the manufacturer

Maximum permissible error|20 % for particle count at a specified size setting

Table F.2 — Specifications for time-of-flight particle sizing apparatus

Item Specification
Measuring limits Particle size 0,5 to 20 um; Particle concentration 1,0 x 103/m3 to 1,0 x 108/m3
Resolution aerodynamic diameter: 0,02 pm at 1,0 pm; 0,03 pm at 10 pm

Maximum permissible error|10 % of full reading
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