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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Monitoring particle contamination levels is required in various fields, e.g. in the electronic industry, in
the pharmaceutical industry, in the manufacturing of precision machines and in medical operations.
Particle counters are useful instruments for monitoring particle contamination in air. The purpose of
this document is to provide a calibration procedure and verification method for particle counters, so
as to minimize the inaccuracy in the measurement result by a counter, as well as the differences in the
results measured by different instruments.

© ISO 2018 - All rights reserved v
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Determination of particle size distribution — Single
particle light interaction methods —

Part 4:
Light scattering airborne particle counter for clean spaces

1

Thi
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par
par
and

Inst
cleg
as v

Thd

Scope

5 document describes a calibration and verification method for a light scattering airbor
hter (LSAPC), which is used to measure the size distribution and particle nuniber conce
Ficles suspended in air. The light scattering method described in this document is base
Licle measurements. The typical size range of particles measured by this,method is betw
10 um in particle size.

ruments that conform to this document are used for the .classification of air cle:
nrooms and associated controlled environments in accordance with ISO 14644-1 and IS
Vell as the measurement of number and size distribution of particles in various environm

following parameters are within the scope of this document:
size setting error;

counting efficiency;

size resolution;

false count;

maximum particle number concentration;

sampling flow rate error;

sampling time error;

response rate;

calibration interval;

reporting results from test and calibration.

2

Nermative references

ne particle
ntration of
d on single
een 0,1 um

inliness in
0 14644-2,
ents.

There are no normative references in this document.

3

For

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at https://www.iso.org/obp

© ISO 2018 - All rights reserved
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calibration particle

monodisperse spherical particle with a certified mean particle size, e.g. a polystyrene latex (PSL)
particle, where the certified size is traceable to the International System of Units (SI), a relative
standard uncertainty equal to or less than 2,5 %, and a refractive index that is approximately 1,59 at
the wavelength of 589 nm (sodium D line)

3.2

counting efficiency

ratio of the number concentration measured by a light scattering airborne particle counter (LSAPC) (3.4)
to that measured by a reference instrument for the same test aerosol

3.3
false count
apparent cpunt per unit volume when a sample air containing no measurable particles is measured by
the light scittering airborne particle counter (LSAPC) (3.4)

3.4

LSAPC
light scattdring airborne particle counter
instrument that measures airborne particle numbers by counting the pulses as the particles pass
through the sensing volume, and also particle size by scattered light intensity

Note 1 to enptry: The optical particle size measured by the LSAPC is the light'scattering equivalent particle[size
and not the geometrical size.

3.5
PHA
pulse height analyser

instrument that analyses the distribution of pulse heights

3.6
size resolytion
measure of the ability of an instrument to distinguish between particles of different sizes

3.7
coincidenge loss
reduction pf particle count caused by multiple particles passing simultaneously through the senfing
volume angl/or by the finite processing time of the electronic system

3.8
test aerospl
aerosol to pe used for-calibration or testing of a light scattering airborne particle counter (LSAPC) (B.4)
that is composed oficglibration particles (3.1) suspended in clean air

3.9
MPE
maximum permissibieerror
limit of error

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

Note 1 to entry: This document uses decimal numbers for the requirements to MPEs to avoid confusion that may
arise when relative uncertainties of test results are reported in percent figures.

4 Principle

The measurement principle of the LSAPC is based on detection of light scattered by a particle when the
particle passes through an incident light beam.

2 © ISO 2018 - All rights reserved
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The particle size is determined from the intensity of the scattered light, and the number of particles
from the number of light pulses scattered by individual particles.

To be more specific, sample air is drawn from the inlet of the LSAPC at a constant flow rate, and
introduced to the sensing volume of the LSAPC where a light beam is irradiated. When a particle
suspended in the sample air passes through the light beam, it scatters the light, emitting a light pulse.
The light pulse is detected by a photo detector, and converted to an electrical pulse. The electrical
pulse height is proportional to the scattered light intensity, and depends on the optical system design,
the electronic components used, and the light source. The intensity of the scattered light is dependent
on the size, refractive index, and shape of the particle. If the particle is spherical, the scattered light
intensity is described by the Mie theory. In order to establish a relationship between the electrical pulse
height and the particle size, calibration of each LSAPC with use of particles having a wellzd¢fined size,
refractive index, and shape is required.

5 |Basic configuration

An [LSAPC is composed typically of a light source, a sample air suction systém, a sensing volume, a
phatoelectric conversion device, a pulse height analyser, and a display (see'Figure 1). Some[LSAPCs do
not|contain a sample air suction system and/or a display.

To make the particle size calibration possible, the LSAPC should bg¢ constructed so that pplse height
distributions for calibration particles can be measured.

Optical system

Light source

Sensing volume Sample air suction system

Photoelectric
conversion device

Pulse height analyser

Display

Figure 1 — Example of basic configuration of LSAPC

6 Requirements

6.1 Size setting error

The MPE for size setting in the minimum detectable particle size and other sizes specified by the
manufacturer of an LSAPC is 0,10 (corresponding to 10 % of the specified size).

Size setting shall be conducted before the LSAPC is shipped from the manufacturer and when the size
setting error is found not fulfilled in a periodic calibration.

A recommended procedure for size setting is described in 7.1.2. If other methods are used, their
uncertainty shall be evaluated and described.

© ISO 2018 - All rights reserved 3
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6.2 Counting efficiency

The counting efficiency shall be within 0,30 to 0,70 [corresponding to (50 * 20) %] for calibration
particles with a size close to the minimum detectable particle size, and it shall be within 0,90 to 1,10
[(100 £ 10) %] for calibration particles with a size 1,5 to 2 times larger than the minimum detectable
particle size.

When calibration particles with exactly the same size as the minimum detectable particle size are not
available, particles whose size is within +5 % of the minimum detectable particle size may be used and
the diameter of the calibration particles shall be reported.

6.3 Size

The size rq
size), whe

resolution

solution shall be less than or equal to 0,15 (corresponding to 15 % of the specified part
1 it is evaluated using calibration particles of a certified average size specified by

manufactufrer.

A recomm
evaluated §

6.4 Fals

bnded procedure is described in 7.3. If other methods are used, theiruncertainty shal
ind described.

P count

icle
the

Il be

The false cpunt per volume in cubic meters and its 95 % upper confiderice limit (UCL) shall be determined

according

[0 7.4. The 95 % UCL shall be less than or equal to the value specified and reported by

manufacturer of the LSAPC.

6.5 Max

imum particle number concentration

The maximum measurable particle number concentration shall be specified by the manufacturer.

coincidenc
to 0,1 (109

NOTE ]
concentrati

0).

DIN.

6.6 Sa

The MPE
specified

6.7 Sa

ling flow rate error;

the volumetric sampling flow rate determined according to 7.6 compared to the flow
the manufacturer-shall be 0,05 (corresponding to 5 %) of the specified flow rate.

ling time €rror

the

The

b loss at the maximum particle number concentration of an LSAPC shall be less than or equal

'he probability of occurrence ofrceincidence loss increases with increasing particle nunpber

rate

The MPE in} the duration of the sampling time shall be 0,01 (corresponding to 1 %) of the preset valye.

If the LSAHCdoes not have a sampling time control system, this subclause does not apply.

6.8 Response rate

The response rate of the LSAPC obtained according to the test method given in 7.8 shall be equal to or

less than 0,

005 (corresponding to 0,5 %).

6.9 Calibration interval

The calibration of the LSAPC should be conducted at an interval equal to or shorter than one year. The
requirements should be met during the calibration interval.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=f309e22f86abd36b37ef77972f2b60a1

6.1

1SO 21501-4:2018(E)

0 Reporting of test and calibration results

The following is the minimum information that shall be recorded in a test report:

a)
b)

c)

date of test/calibration;
test/calibration particles used;
results for the parameters:

1) size setting error;

d)

f)

g)

A cd
h)

j)

k)

NO1
the

7

2) counting efficiency;
3) sampling flow rate error;
4) size resolution (with the particle size used);

5) false count;

a statement of the test/calibration method used (e.g. ISO 215014);

report/certificate identification, test/calibration location,title and identification of test
provider including signature and date;

identification of customer and device under test, inclitding how output was obtained fq
efficiency (e.g. analogue, display or digital output);

libration certificate shall furthermore include:

identification and - if possible - statement of metrological traceability of all reference
and calibration particles used;

relevant environmental conditions:{e.g. temperature, air pressure and humidity) undef
calibration was performed;

a stated uncertainty for,each result for the parameters 1 to 4 with reference to the
method (e.g. ISO/IEC Guide 98-3) - Annex E contains procedures for evaluating the ung
a stated false countat a 95 % confidence limit (see Annex C).

parameters 1'to 5 are considered to comply with the requirements above.

Test'and calibration procedures

threshold voltage values or channels of the built-in PHA corresponding to the size settinfgs;

calibration

r counting

equipment

which the

calculation
ertainty of

the results of the perfermance tests recommended in this document for parameters 1 afd 2;

E Calibratien certificates issued by ISO/IEC 17025 accredited laboratories and covering all results for

7.1

7.1.

Size setting

1 Evaluation of size setting error

Calculate the size setting error € according to Formula (1).

© ISO 2018 - All rights reserved
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Xj

Xj

is the size setting specified for the LSAPC;

is the actual size setting corresponding to V;; (see 7.1.2 for the meaning of V).

7.1.2 Procedure of size setting

By use of a PHA connected to the output terminal for signal pulses of the LSAPC, or by use of a built-
in PHA if one is contained as a part of the LSAPC, obtain a pulse height distribution for a test aerosol
in which calibration particles are suspended. Let /] and 1, denote the lower and upper voltage limits,
respectively, of the range of pulse heights for the calibration particles (see Figure 2). The median voltage

Vi of the

certified sigze of the calibration particles, x.

When a bt

Key

X pulse|height voltage
frequency

1 pulsefheight distribution

n lowei| voltage limit

Vm  medign voltage

Vu  uppet voltage limit

If a noise

the main peak‘corresponding to the calibration particles, the voltages V) and V, shall be chosen so

the range (V. V) encompasses only the main peak [see Figure 3 a)|. If the noise distribution over

tsehetghtdistributiom i the Tange from V1 to Vy, Sitatt be calcutated, and 15 assigned to

I/l Vm Vu
Y a
1
L—"

= 4

Figure 2 — Pulse height distribution for the test aerosol

the

ilt-in PHA is used, the abscissa of the pulse height distribution may be given-itv channel
number inftead of voltage. In this case, the term “voltage” above and in relevant descriptions be
should be interpreted as channel number of the PHA.

low

fom
that

dFstribution is observed in the pulse height distribution, and if it is separated distinctly f

aps

with the main peak, /] and V,, shall be chosen so that the range (V), V) corresponds to the full width
at half maximum of the main peak [see Figure 3 b)]. The latter way of determining V} and V,, is allowed
only when the height of the valley between the noise distribution and the main peak is at most half the
main peak height.
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4 %4 Vv Y 4
Y A m u
\ Vl Vm Vu
/ 1 100%
2
2 | 1
" 50%
\
a— \
\
1/ 7 \
/
B> s N ,
X X
a) b)
Key
X pulse height voltage
Y frequency
pulse height distribution for calibration particles
noise distribution (evaporation residues and/or optical or eleétrical noises)
n lower voltage limit
Vi | median voltage
Vu | upper voltage limit
Figure 3 — Pulse height distribution for the test aerosol when noise exists
By wise of the data pair (xc, Vm) obtainedir-this way, or multiple data pairs (x¢j, Vmj) (j =1, 2, .|.) obtained
simjilarly for multiple calibration particles, determine the voltage values V; (i = 1, 2, ...) that ¢orrespond
to the size settings (or threshold sizes) x; given as specifications of the LSAPC (see Figurg 4). In this
detérmination, a theoretical response curve based on Mie theory may be used to calculdte V; from
experimentally observed V.
Let|Vt; denote the adjustable threshold voltage corresponding to x;. For all the size settings xj, adjust the
valge of Vi to V;.
NOTE1 Theresponse curve can be calculated according to the Mie theory when the parameter setdefining the
optical system of the LSAPC is available. If the parameter set of the optical system is not available, the response
curye in the vicinity of x; can still be empirically determined by fitting a simple function, e.g. a quadrptic or cubic
polynomialte'multiple data pairs (x¢j, Vinj) obtained for xj on either side of x;.
NOTE-2 \ 'The detailed procedure for determining V; can vary depending on the model of the LSAPC

NOTE 3 Vi can be the set voltage of an electric comparator used in the LSAPC, or if a built-in PH

A is used, it

can be the threshold channel of the built-in PHA which is intended to be assigned to x;. For the sake of simplicity
in description, it is assumed that electric comparators are employed in the LSAPC for the rest of this document,

unless otherwise stated.

© ISO 2018 - All rights reserved
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Y A
v
1
(VIR VAR
/ —
>
x, X
Key
X partide size
Y pulse height voltage
1 respopse curve
Xc certifiled size of the calibration particles
Vm  medign voltage corresponding to x
Xj size s¢tting specified for the LSAPC
Vi voltage corresponding to x;
Figure 4.— Size calibration
Read out the value of Vi; set for the~electric comparator of the LSAPC. Ideally Vi; corresponds tp x;,
but in realjty Vi; corresponds to a‘particle size x;' which may be different from x; owing, for exaniple,
to a change of the response curve over time. Determine the actual response curve according to|the
procedure fas described abovéerto another method which is scientifically documented, and deternpine
x;'using thjs curve (see Figlirg 5). Calculate the size setting error € according to Formula (1) above.
NOTE4  The expected response curve in Figure 5 is a hypothetical curve on which the threshold voltag¢s of

the electric

comparator, Vi;, would correspond exactly to the specified size thresholds x;.
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Vii

- >
X1 Xi X

Key
X particle size

pulse height voltage

expected response curve

actual response curve
Xc certified size of the calibration particles
Vin median voltage corresponding to xc
Xj size setting specified for the LSAPC
x;' actual size setting corresponding to Vy;
Vii voltage read out from the electric.comparator

Figure 5 — Evaluation of size setting error

7.2| Evaluation of counting efficiency

To gvaluate the couniting efficiency of the LSAPC, use two populations of calibration particlgs; one that
has|a size close to:tHe minimum detectable particle size, and another that has a size 1,5 to 2 tJmes larger
thah the minimum detectable particle size.

Tests with'ether particle sizes may be added, if it is requested by a user of the LSAPC.

Use| either a condensation particle counter (CPC) combined with a differential electricil mobility
classifier (DEMC) or a calibrated LSAPC as a reference instrument. The counting efficiency of the
reference instrument shall have a metrological traceability to a national or international standard, or
the International System of Units (SI).

NOTE1 The condensation particle counter is also referred to as a condensation nucleus counter (CNC).

Measure the number concentrations of test aerosols suspending each of the two kinds of calibration
particles with the LSAPC under test and with the reference instrument (see Annex A). Determine the
counting efficiency according to Formula (2):

_G

C (2)

n

© ISO 2018 - All rights reserved 9
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i

n
Co

i

C1

i

1-4:2018(E)

s the counting efficiency;
s the particle number concentration measured by reference particle counter;

s the particle number concentration measured by particle counter under test.

For these measurements, the particle number concentration of the test sample should be equal to or
less than 25 % of the maximum particle number concentration of both the LSAPC under test and the

reference i
NOTE 2 \
coincidence
from the co
loss at this

concentrati
concentrati

7.3 Eval

Calculate t

Oc

Xc

NOTE
cases, the v

The partic
standard d

shown in H

Determine

ool

Due to the uncertaintiesin determining ¢ and o, 62 can, in some cases, be smaller than ¢.2. In

nstrument.

Vhen the particle concentration measured by an LSAPC is, as usually is the case, not corrected fot
loss, the counting efficiency of the LSAPC depends on the particle number concentration,stemn
ncidence loss. If the maximum particle number concentration is so determined that the’ceincid
oncentration is 0,1 (10 %) (see 6.5), and the counting efficiency 7 is evaluated at 0,25/(25 %) of]|
bn, then the obtained value of 1 is smaller than the value that would be obtained inthe limit of
bn by approximately 0,026 (2,6 %).

uation of size resolution

he size resolution of the LSAPC, R, by Formula (3) (see also Annex B).

is the size resolution;

is the apparent standard deviation«6f the size distribution of the calibration parti
observed by the LSAPC;

is the standard deviation of the-size distribution of the calibration particles provided by
manufacturer of the calibration particles;

is the certified average size of the calibration particles.

lue of R is regarded,as 0.

e size recomvménded by the manufacturer of the LSAPC should be used for this test.

igure6;in accordance with the method given in 7.1.2.

the
hing
Pnce
this
y.ero

(3)

cles

the

uch

The

eviation,efithe calibration particles, o, should be known. It is recommended to deternpine
the median voltage (or channel) V, of the pulse height distribution for the calibration particleq

, dS

the lower and upper vnlmgp limits, Vy and V,,, which correspond to 61 % of the peak he

ght

in the pulse height distribution. Using the calibration curve, determine the particle sizes x| and xy
corresponding respectively to V] and V. Calculate the absolute value of the differences, |x; — xc| and
[xu — xc|, where x¢ is the certified size of the calibration particles. Let the apparent standard deviation, o,
be equal to the larger one of |x] — x¢| and |xy - X¢|.

10
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Y 4 V.

100%

61%

Key

7.4

Obt
a ce
95 ¢

its 95 % UCL by dividing them by the volume of the sample air.

7.5

Thd
sen
the

N
A
/

Xy

pulse height voltage (or channel)

frequency

pulse height distribution for the calibration particles
lower side resolution

upper side resolution

lower voltage limit

median voltage

upper voltage limit

Figure 6 — Verification of size resolution

Evaluation of false count

pin the particle count at the size channel corresponding to the minimum detectable part
rtain volume of air using ambient air with filter on the inlet of the LSAPC under test. C3
o UCL of the false countaccording to the procedure given in Annex C. Determine the falsg

coincidenceoss is determined by the flow rate, the time required for particles to pass t
5ing volume and the electrical signal processing time. These values are determined by th
LSAPCs:€oincidence loss is calculated according to Formula (4).

cle size for
Iculate the
b count and

Estimation 6fcoincidence loss at the maximum particle number concentration

hrough the
e design of

(4)

I= 1_exp(_q'tt0tal “Cmax )

where
L is the coincidence loss at the maximum particle number concentration;
q is the flow rate;

©IS

trotal is the sum of the time for a particle to pass through the sensing volume and the electrical

processing time;

Cmax is the maximum particle number concentration.

02018 - All rights reserved
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7.6 Evaluation of sampling flow rate error

The sampling flow rate should be measured using either a soap bubble film flow meter, a wet gas meter,
or some other type of flow meter that has a low pressure drop. The flow meter used shall have a valid
calibration certificate. The flow rate to be measured is the volumetric flow rate. Calculate the error in
the sampling flow rate, &g, by Formula (5).

gq=Tmds (5)
as

gq |is the sampling flow rate error;
qs is the sampling flow rate specified by the manufacturer;
qm |is the measured sampling flow rate.

When using a mass flow meter, the flow rate should be converted to a volumetri¢ flow rate at acfual
conditions| taking the temperature and air pressure into account.

7.7 Evaluation of sampling time error

Sampling time is the time during which the LSAPC measures a sanmiple’ (from the beginning of counting
to the end pf counting). Calculate the error in the sampling time, €;,by Formula (6).

tid—t
g =" — ©)
to
where
£t is the sampling time error;

to is the sampling time preset to the LSAPC;
tm is the measured sampling,time.

Calibrated [instruments should be,used for sampling time measurement.

7.8 Evaluation of response rate

Introduce Into the LSAPRC a test aerosol suspending calibration particles the size of which is 1,5 tijnes
larger thar] the minimum detectable particle size. The particle number concentration of the test aerpsol
should be 3dpproximately equal to the maximum particle number concentration. Set the size channe| for
particle copnting at the minimum detectable particle size, set the LSAPC to accumulated counting and
operate th¢ LSAPC for 10 min.

After the 10 min operation, measure the particle number concentration for the period of t. The duration
t shall be equal to or shorter than 60 s, and the particle count obtained during this period shall be
greater than 1 000 (see Annex D). After that, switch the sample air from the test aerosol to particle-
free clean air. Wait for 10 s after switching the sample air, and restart particle counting. Measure the
particle number concentration for the period of ¢ for the clean air. Calculate the response rate, Ry, by

Formula (7) (see also Annex D).

C
after (7)

R. =
Cbefore

r
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where

R; is the response rate;
Cpefore is the particle number concentration observed before switching the sample air;

Cafter  is the particle number concentration observed after switching the sample air.
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Annex A
(informative)

Counting efficiency

Figure A.1 shows the test system for counting efficiency. The particle generator generates an aerosol
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Particle generator

4

Particle conditioner

4

Distributing box

The

calipration with larger particles (e.g. 5 um) is required, dry PSL particles are better suitec
the|counting efficiency may decrease considerably for particleswith a diameter larger thar

mo
A

refdrence particle counter and the particle counter to beinspected requires special attentio
particles since particle losses due to inertial impaction and gravitational settling become

To

Particle counter Reference particle
to be inspected counter

Figure A.1 — Example of counting efficiency test system
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y 1 um. If
. However,
1 um. The
alibration.
tween the
h for larger
important.

nters;

dius larger

©IS

02018 - All rights reserved

15


https://standardsiso.com/api/?name=f309e22f86abd36b37ef77972f2b60a1

ISO 21501-4:2018(E)

Annex B
(informative)

Size resolution

Size resolution is defined as one standard deviation of the measured size distribution of monodisperse

calibratio narticlac avinraccad actha o cioa ~f+h o oo dicnarcn calilhratinn nru-h,-lcm
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu Pafeeress

If the distrjbution of calibration particles is assumed to be the Gaussian distribution,

e S Y SR B
2o 2 o '

where

fx) is the Gaussian function;

X is the particle size;
u is the mean value;
o is the standard deviation.

When (x - ) = +0, the ratio of density to the maximum.density is exp(—%}z 0,61. This is the basig for

the use of 61 % in the determination of size resolution.
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Annex C
(informative)

False count

The probability of appearance of false counts is assumed to be described by the Poisson distribution.
TheReissen-distributionis-defined-by-FEormula{ct):
e X

X!

P(X;1)=

(C.1)

where

X is the number of false counts;
A is the mean value of the population;

P(X;A)  isthe probability of observing value X from a population having a mean valug of A.

The upper confidence limit, A, is defined by Formula (C.2):

X
ZP(X;/lu)zs (€.2)
x=0

where ¢ is the significant level.

WhEn the confidence limit is 95 %, € is 0,05.

Table C.1 shows the observed count andthe calculated upper 95 % confidence limit. When thlfe observed
coupt is zero, it is possible to have up to three counts with a probability of 5 %. For examlple, if zero
coupts are observed in 15 min atithe sample flow rate of 28,3 1/min, the false count rate is tiree counts
in the volume sampled in 15@min with a 95 % confidence limit, i.e. the false count rate is 7 |counts per
Cc meter.

Table C.1 — Observed count and 95 % confidence limit

Observed count Upper confidence limit
Ay
3
4,7
63
7,8
9,2
10,5
11,8
13,1
14,4
15,7
17,0

OO IN([|Un|hDh W |R|O

=
(=)
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Response rate

The response rate test is used to evaluate the response rate of an LSAPC when the sample air is changed

to a clean ;

poor, resid

there is a gossibility that some particles will form sediment in the sensor.

In this test

mplefrom-ahich 1 e numb oRcen on nole b o o " T is

al-particles are a cause for a poor response rate. When an LSAPC is used for a long/time,

a high particle number concentration sample is introduced to the LSAPC for 10 min. Particles

are then mleasured for ¢t and then the sample air is changed to clean air. After 10 s, paxticles are again

measured

Key
X time

Y partidle concentration

t length of measurement time of particles; t < 60 s

for t. The ratio of the two counts for t is the response rate (see Figure D.1).
Y

600 t 10 t X

seconds)

Figure D.1 — Response rate
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Procedure for evaluating the uncertainties of the results of the
performance tests

E.1 Basics on measurement uncertainty

In this annex, a recommended procedure is described for evaluating the uncertainties’of thg results of
theltests specified in 7.1 and 7.2 (Note 1). The general idea of this procedure follows ISO/IEC fruide 98-3,
which is briefly summarized as follows.

Step 1) Identify the relationship between the measurand, y, and the input quantities, x; (i= 1} 2, ..., N):

y=f(x1,x2,Xy) (E.1)

Thif functional relationship is called the mathematical medel of measurement (Notes 2 and ).
Step 2

Evalluate the standard uncertainty u(x;) of the input quantity x; either by Type A or Type B eyaluation of
uncertainty (Notes 4 and 5).

Step 3) Combine the standard uncertainties(of all x;'s to obtain the combined standard uncerthinty of the
megsurement result, uc(y), according to the following 'law of propagation of uncertainty’, (Notes 6 and 7)

2

N
ue ()= Z{a—fu(x,-)J (E2)

Pl
Step 4) When necessaryythe expanded uncertainty U is calculated according to the followinf equation:

U=kxu,(y) (E.3)

where k is the Coverage factor. In this d, k = 2 is consistently used for simplicity (Note 8).

NOTEXL) * The uncertainty components considered in this Annex are those relevant to the tesfs specified
in theTmaimbody of thisdocument—These componentsare consideredto tover major factors tidt can affect
measurements of particles in the real environment, but are not intended to cover all of them. Additional factors
that are not considered in this Annex include the difference in optical properties between test particles and
particles in the real environment, and the uncertainty associated with the determination of theoretical response
functions.

NOTE 2  Input quantity is a quantity whose value is used to determine the result of measurement, or a quantity
that can otherwise affect a measurement result.

NOTE 3  Although the quantities, Y and X;, and their estimates, y and x;, are represented by different symbols in
GUM, the same symbols are used here, as far as there is no fear of confusion.
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