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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 proceglures 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*for
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

Many types of instruments use the pulse-counting method for detecting signals. X-ray, electron and
ion-spectroscopy detectors, such as X-ray diffractometers (XRD), X-ray fluorescence spectrometers
(XRF), X-ray photoelectron spectrometers (XPS), Auger electron spectrometers (AES), secondary ion

mas
sign

s spectrometers (SIMS) and gas chromatograph mass spectrometers (GCMS) are of this type. These
als consist of a series of pulses produced at random and irregular intervals. They can be understood

statistically using a Poisson distribution and the methodology for determining the minimum detectable

valu

e can be deduced from statistical principles.

Detprmining the minimum detectable value of signals is sometimes important in practicall work. The

val
sign
the

(Reptrictions on Hazardous Substances) sets limits on the use of six hazardous‘materials

e provides a criterion for deciding when “the signal is certainly not detected”, or when, “the signal is
ificantly different from the background noise level”[1]-[8]. For example, it is valuablejwhen|measuring
presence of hazardous substances or surface contamination of semi-conductor matefials. RoHS
exavalent

chrpmium, lead, mercury, cadmium and the flame retardant agents, perbrgmobiphenyll PBB, and
perpromodiphenyl ether, PBDE) in the manufacturing of electronic components and related goods

sold

is used to

in the EU. For that application, XRF and GCMS are the testing instruments used. XR

megsure the level of hazardous asbestos and crystalline silica presentdnythe environment or|in building

materials.

The

methods used to set the minimum detectable value have-for some time been in widefpread use

in the field of chemical analysis, although not where pulsé-eounting measurements are fconcerned.

The
rec

In {

need to establish a methodology for determining the.minimum detectable value in that area is
gnized[2].

his document the Poisson distribution is approximated by the normal distributior}, ensuring

conpistency with the IUPAC approach laid out inthe ISO 11843 series. The conventional appfoximation

is used to generate the variance, the critical value of the response variable, the capability
criteria and the minimum detectability levet10],

In this document:

Thip document is fullyycompliant with ISO 11843-1, ISO 11843-3 and ISO 11843-4.

a is the probability of erroneously detecting that a system is not in the basic state, wherj really it is
in that state;

B is the probability of erroneously not detecting that a system is not in the basic stat¢ when the
value of the state vatiable is equal to the minimum detectable value (xq).
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approximation is used to approximate the Poisson distribution by the-fformal distribution
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ISO

with a given value

Fasurenients by normal approximations

Scope

imum detectable value in Poisson distribution measurements. It is applicable when v4
h the background noise and the signal are describable by the Poissonrdistribution. The cd

n ISO 11843-3 and ISO 11843-4.

accuracy of the normal approximation as compared to the.éxact Poisson distribution is
nnex C.

Normative references

following documents are referred to in thestext in such a way that some or all of th
Ktitutes requirements of this document. Fof’ dated references, only the edition cited 3
ated references, the latest edition of thereferenced document (including any amendmen

Guide 30, Reference materials — Selected terms and definitions

3534-1, Statistics — Vocabulary-and symbols — Part 1: General statistical terms and ter
bability

11843-1, Capability of detection — Part 1: Terms and definitions
11843-2, Capabilityefdetection — Part 2: Methodology in the linear calibration case

11843-3, Capability of detection — Part 3: Methodology for determination of the critical v|
onse variable'when no calibration data are used

11843-4,\Capability of detection — Part 4: Methodology for comparing the minimum deteq

5 document presents methods for determining the critical value of the ré@sponse varialple and the

riations in
nventional
consistent

discussed

Pir content
pplies. For
[s) applies.

'ms used in

nlue for the

table value

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 11843-1,

ISO

11843-2,1S0 11843-3, ISO 11843-4, and ISO Guide 30 apply.

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

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

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=6ec50006203eced7e5c873406d61399f

ISO 11843-6:2019(E)

4 Measurement system and data handling

The conditions under which Poisson counts are made are usually specified by the experimental set-up.
The number of pulses that are detected increases with both the time and with the width of the region
over which the spectrum is observed. These two parameters should be noted and not changed during

the course

of the measurement.

The following restrictions should be observed if the minimum detectable value is to be determined

reliably:

a) Both the signal and the background noise should follow the Poisson distributions. The signal is the

mean Yalue of the gross count.

b) The raw data should not receive any processing or treatment, such as smoothing.

c¢) Time [interval: Measurement over a long period of time is preferable to several sho
measufrements. A single measurement taken for over one second is better than 10.measurem(

over 1
reliabl

d) The ny
here, 1]
numbe

e) Numbgd
numbe

0 ms each. The approximation of the Poisson distribution by the normal distribution is
e with higher mean values.

mber of measurements: Since only mean values are used in the-approximations preser
epeated measurements are needed to determine them. The power of test increases with
r of measurements.

br of channels used by the detector: There should be no‘evérlap of neighbouring peaks.
r of channels that are used to measure the backgroundinoise and the sample spectra sh

be ide
f) Peak

tical (Annex D, Figure D.1).

idth: The full width at half maximum (FWHM) is-the recommended coverage for monito

a single peak. It is preferable to measurements based on the top and/or the bottom of a n
peak. The appropriate FWHM should be assesséd beforehand by measuring a standard samni
An identical value of the FWHM should be wSed for both the background noise and the sample
measufrements.

Additional
its linear ¢
be no sign
measurem
considerat

5 Comyp

5.1 The

The decisi
arithmetic

factors are: the instrument should work correctly; the detector should be operating wi
ounting range; both the ordinate and the abscissa axes should be calibrated; there sh
hl that cannot be clearly identified as not being noise; degradation of the specimen du
bnt should be negligibly small; at least one signal or peak belonging to the element ur
on should be observable.

utation by approximation

criticalvalue based on the normal distribution

pn An” whether a measured signal is significant or not can be made by comparing

"ter
ents
ore

ted
the

The
uld

ing
DiSy
ple.

hin
uld
ing
der

the

mean y, of the actual measured values with a suitably chosen value yc. The value y¢, which

is referred

to as the critical value, satisfies the requirement

P(yg>yc|x=0)<a

M

where the probability is computed under the condition that the system is in the basic state (x = 0) and

o isapre-

selected probability value.

Formula (1) gives the probability that y g> Ve under the condition that:

_ 1 1
Ye=Yb1tZ1-0a0p 7+E

(2)

© ISO 2019 - All rights reserved
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where

Z1-q

oy, is the standard deviation under actual performance conditions for the response in the

Vb is the arithmetic mean of the actual measured response in the basic state;

is the (1 - a)-quantile of the standard normal distribution where 1 - a is the confidence level;

basic state;

is the number of repeat measurements of the blank reference sample. This represents the value

of the basic state variable;

NO'I
inte]

Thd

valges in the active and basic states is illustrated in Figure 1.

K is the number of repeat measurements of the test sample. This gives the value-of
state variable.

E Only the + sign is used in Formula (2). In the pulse counting method, the response-variable
per and always increases as the state variable increases.

definition of the critical value follows ISO 11843-1 and ISO 11843-3. Its relationship to thg

the actual

is a positive

measured
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Y
Ve
Vs

N

i

0 Xgl X4 X

X  state vqriable

Y responge variable

a  the propability that an error of the fjrstkind has occurred

B the propability that an error of thé second kind has occurred

Figure 1 — A conceptual'diagram showing the relative position of the critical value and the
measured values of the active and basic states

5.2 Det¢rmination of the critical value of the response variable

If the respdnse variable follows a Poisson distribution with a sufficiently large mean value, the standard
deviation ofthe — 2as s e response-variable-in-the basic-state-is-estimated as

\Jyp - This is an estimate of oy,. The standard deviation of the repeated measurements of the response

variable in the actual state of the sample is /)_/g , giving an estimate of og (see Annex B).

The critical value, y, of a response variable that follows the Poisson distribution approximated by the
normal distribution generally satisfies:

_ 1 1 = = 1 1
=y, +21_.,0 /—+—z +2Z1 0+ = 3
Ye=YVp1tZ1_¢0p 1K YbtZ1—a\ Vb Tk (3)

where yy, is the arithmetic mean of the actual measured response in the basic state.

4 © IS0 2019 - All rights reserved
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5.3 Sufficient capability of the detection criterion

The sufficient capability of detection criterion enables decisions to be made about the detection of a
signal by comparing the critical value probability with a specified value of the confidence levels, 1 - 8. If
the criterion is satisfied, it can be concluded that the minimum detectable value, x4, is less than or equal
to the value of the state variable, xg. The minimum detectable value then defines the smallest value of
the response variable, ng, for which an incorrect decision occurs with a probability, . At this value,
there is no signal, only background noise, and an ‘error of the second kind’ has occurred.

If the standard deviation of the response for a given value xg is og, the criterion for the probability to
be greater than or equal to 1 — fis set by Formula (4), from which Formulae (5) and (6) can be derived:

1
ngZyC-l-Zl—ﬂ 70’%4‘-0’2 (4')

Ify{is replaced by y.=n, +2z1_,0} f%+% , defined in Formulae (2) and (3)thén:

1 1 1, 1,
Mg —Mb 2Z1-60b 7+E+Z1—ﬁ 70b+E0g (5)

whére

a  isthe probability that an error of the first kind has‘éccurred;
B isthe probability that an error of the second kind has occurred;
np  isthe expected value under the actual performance conditions for the response in the pbasic state;

ng is the expected value under the actual performance conditions for the response in a sample
with the state variable equal to xg!

With = a and K = J, the criterion simplifies to:

Mg —Mb 221_g \E(ﬁob +/0h +05 ) (6)

If op is replaced with an@stimate of /y}, following 5.2 and similarly o is replaced with an pstimate of
\/;; (see Annex B)sthe criterion becomes Formula (7).

ng_nbzzl—a\/g(\/z}_]b +\/.}_/b+)_/g) (7)

NOTE When validating a method, the capability of detection is usually determined for K =] = 1 infaccordance
wit]r 15O 11843-4.

5.4 Confirmation of the sufficient capability of detection criterion

The standard deviations and expected values of the response are usually unknown, so an assessment
using criterion Formula (6) has to be made from the experimental data. The expression on the left-hand
side of the simplified criterion Formula (6) is unknown, whereas that on the right-hand side is known.

© IS0 2019 - All rights reserved 5
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A confidence interval of ng - np is provided by N repeated measurements in the basic state and N
repeated measurements of a sample with the state variable equal to xg. A 100(1 - a) % confidence
interval for ng - np, described below by the general theory of estimation, is:

-~ = 1 2. 1 2 I 1 , 1,
(yg_yb)_z(l—a/Z) NGb"'ﬁag Sng—anU/g—ybHZ(l_a/z) ﬁ6b+ﬁo-g (8)

where z(1 - ¢/2) is the 100(1 - @/2) quantile of the standard normal distribution.

To confirm the sufficient capability of detection criterion, a one-sided test is used. With f§ = «,
100(1 - a) % of the one-sided lower confidence hound on N =Ny is:

- = 1 2 1
ng_nkz(}’g_J’b)_Z(l—a) No'b"‘ﬁag ©)
where

N  is|the number of replications of measurements of each reference material used to assess|the
cdpability of detection;

Y, is the arithmetic mean of the actual measured response in a sample with the state variable
8 equal to xg;

np is|the expected value under actual performance conditionsdor the response in the basic stjte;

ng is|the expected value under actual performance conditions for the response in a sample with
the state variable equal to xg.

The one-sifled lower confidence bound on ng - np of Forntula (9) is compared to the right-hand side of
Formula (6), giving:

- 1 1 1 s
Ng —MY =g _.Vb)_z(l—a)\/ﬁcl% +ﬁ02 22(1—0:)\/;(\/5% +\/G§ +G§ ) 10)

An approxjmate 100(1 - a) % lower confidence limit T for ng - np is obtained by replacing oy, anfl og
with \/yy [and ,/y, , respectively, as defined in Formula (3) and Formula (7):

] I — 1 . [=—— .
TOZ(Yg_Yb)_Z(l—(x)\/%\/JVb +Yg 11)

If the lowér confidence 1irr_11t To satisfies Formula (7), it is concluded that the minimum average
detectable|response-value, Vg, is less than or equal to the minimum detectable response value, yq. Xq is

therefore less tharmor equal to xg and, for relatively large values of N, the lower confidence ljmit

Formula (1]11) will suffice.

6 Reporting the results from an assessment of the capability of detection

The capability of detection assessment is usually carried out as a part of the initial validation of the
method. It provides the following:

a) information about the reference materials, including the reference state value xg;
b) the number of replications, N, for each reference state;
) themeanvalues, yy, and y,;

d) the chosen values for a, 5, ] and K;

6 © IS0 2019 - All rights reserved
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values for the left- and right-hand sides of Formula (7) using the estimates, i.e. _}_lg —Yp or, when
both f = a and K = | are applicable, the difference (ng - np) with the confidence interval and the

lower acceptable limit, z;_, \/%(\/Eab +4 /6% +0'§ ) can also be calculated;

the conclusion concerning capability of detection;

if necessary, the minimum detectable value for a given background value. This is obtained by

replacing N and J with infinity and 1, respectively, in Formula (10).

The
tha
the
alsa

Reporting the results from an application of the method

observed values should be reported as they represent the response of the statevariab
these observed values are used to test for the true values is no reason to discatd them 4§
M by an upper limit (equal to the critical value of the test) or a minimum détectable va
the applied critical value and, if possible, the minimum detectable value.

© IS0 2019 - All rights reserved
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Annex A
(informative)

Symbols used in this document

X state variable

regponse variable

] number of replications of measurements on the reference material representing the value of|the
bagic state variable (blank sample)

number of replications of measurements on the actual state (test sample)

number of replications of measurements of each reference material in@ssessment of the cqpa-
biljty of detection

x a vplue of state variable
y a vplue of response variable

Ve critical value of the response variable defined by ISO 11843-1 and ISO 11843-3

Xg given value which will be tested to determine whether‘itis greater than the minimum detectable value
Xd mihimum detectable value of the state variable

Ob staindard deviation under actual performaice conditions for the response in the basic state

Og standard deviation under actual perfermance conditions for the response in a sample with|the

stafe variable equal to xg
b expected value under the actual performance conditions for the response in the basic state

Ng expected value under the)actual performance conditions for the response in a sample with|the
stafe variable equal 0%

Vb thd arithmetic mean of the actual measured response in the basic state
I,g thgarithmeticmean of the actual measured response in a sample with the state variable equal {o xg
yd mihinium detectable response value with the state variable equal to xq
A mean value corresponding to the expected number of events in Poisson distribution
a the probability that an error of the first kind has occurred
B the probability that an error of the second kind has occurred
1-a confidence level

confidence level

[EEN
|
ey
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Z1-« (1 - a)-quantile of the standard normal distribution
z1-g (1 -p)-quantile of the standard normal distribution

To lower confidence limit

© IS0 2019 - All rights reserved 9
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Annex B
(informative)

Estimating the mean value and variance when the Poisson
distribution is approximated by the normal distribution

The probalility function for the Poisson distribution is p(y, A). It is described by the following equatjion:

p(y, 2]
where

A s

y s
Since rand

the varian
A, needs to

the actual number of events recorded in that time.

J
2)’1‘
i=1

A=yl

When the
replaced by

J

’ the random variable Z, which has.d normal distribution, N(A, A).

'he mean value corresponding to the expected number of events in agiven time;

(B.1)

m variable, Y, follows the Poisson distribution with parameter A, both the expected valuefand
e of this random variable are equal to A, that is E(Y) = A@and'Var(Y) = A. Only one paramgter,
be estimated. This estimate, based on J independent measurements, is:

(B.2)

Poisson distribution is approximated by the normal distribution, the random variable [Y is

10
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Annex C
(informative)

An accuracy of approximations

In this Annex, the minimum detectable response values, calculated by the conventional approximation,

ormparadai

are
acc

Thd
foll

The
dist
pro
of t
und

Thi

alte

Thd
Alte
and
Tab
va

—_

Thd
of e

Wh
med

cOoTIT

iracy of the approximation varies with the number of counts.

vV T Trre-CXTrec T T OO co Tt ot o T IIeY

minimum detectable response value according to the exact Poisson method is‘dalculg
wing procedure.

summation of independent variables following a Poisson distributiom-also follows
ribution, but the difference does not. When this difference is exactly“described, thg
bability function is used. The response value in the basic state corregponds to the backgr
he measurement, yp, and the response variable in the actual staté;)/q, expresses each ty
er the null hypothesis.

5 means that the distribution follows Formula (C.1) where y-$ |)_/b -Yq |

Prly]=e 20 Y oI U ji(j-y) ] =e %1, (26)

=y
0) is a modified Bessel function of the first kind. The distribution follows Formula (C.Z
rnative hypothesis.

Pr[y]ze—(01+02) iei]eZ]_y []|(J_y)|]—1 =e_(01+92)

0 y/2
[9—1] I,(26:16;)
j=y 2

minimum detectable respofise’in the actual state value can be derived from these two
rnatively the minimum detectable response value via approximation can be derived by Fd
(11) when the number of replications of measurements, N, is replaced by infinity.

e C.1 shows the minimum detectable value when the parameter y,, corresponding to
e, is from 1 to,200 together with the differences from the exact Poisson calculation[11].

nch othef over a wide range.

en the minimum detectable response value is to be determined with a precision of 5 %

ted by the

a Poisson
following
ound noise
vo-sample,

(C.1)

) under an

(C.2)

equations.

rmulae (7)

basic state

exact Poisson calculation and the normal approximation are fairly consistent and withif one count

or less, the

isusement conditions should be adjusted so that a minimum of 18 discrete counts are use

d to set the

bac

©IS
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Table C.1 — Comparison between the Poisson distribution and the normal approximation

Back- Poisson Normal Back- Poisson Normal
ground exact approximation |pifference | ground exact approximation | pifference
Jb Jd Jd Jb yd Jd
1 8,2 8,4 -0,1 51 87,8 86,9 09
2 11,3 11,3 0,0 52 88,9 88,3 0,7
3 14,1 13,8 0,3 53 90,1 89,6 0,5
4 17,1 16,0 1,0 54 91,2 90,9 0,3
5 189 18T 0,8 55 92F 92,2 0.2
6 20,8 20,1 0,7 56 93,5 93,5 0,0
7 22,2 22,0 0,2 57 95,7 94,8 0,9
8 24,7 239 09 58 96,9 96,1 0,8
9 26,1 25,7 0,4 59 98,0 97,4 0,6
10 27,4 27,4 0,0 60 99,2 98,7 0,4
11 299 29,1 0,7 61 100,3 100,0 0,3
12 31,2 30,8 0,3 62 101,5 101,3 0,1
13 32,5 32,5 0,0 63 102,6 102,6 0,0
14 349 34,1 0,7 64 1048 103,9 09
15 36,1 35,7 0,4 65 105,9 105,2 0,7
16 374 37,3 0,1 66 107,1 106,5 0,6
17 39,8 38,9 09 67 108,2 107,8 0,4
18 41,0 40,4 0,6 68 109,3 109,1 0,3
19 42,3 42,0 0,3 69 110,5 110,4 0,1
20 43,5 43,5 0,0 70 111,6 111,6 0,0
21 45,8 45,0 0,8 71 113,8 112,9 09
22 471 46,5 0,5 72 114,9 114,2 0,7
23 48,3 48,0 0,3 73 116,0 115,5 0,6
24 49,5 49,5 0,0 74 117,2 116,7 0,4
25 51,8 51,0 0,8 75 118,3 118,0 0,3
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Table C.1 (continued)

1ISO 11843-6:2019(E)

Back- Poisson Normal Back- Poisson Normal
ground exact approximation | pifference | ground exact approximation | pDifference

Jb yd yd b Jd Jyd

26 53,0 52,4 0,6 76 119,4 119,3 0,2
27 54,2 53,9 0,3 77 120,5 120,5 0,0
28 55,4 55,3 0,1 78 122,7 121,8 0,9
29 57,7 56,8 1,0 79 123,9 123,1 0,8
36 5879 5852 6;7 86 125;6 12473 0,7
31 60,1 59,6 0,5 81 126,1 125,6 0,5
32 61,3 61,0 0,3 82 127,2 126,8 0,4
33 62,5 62,4 0,0 83 128,3 1281 0,2
34 64,7 63,8 0,9 84 129,5 129,3 0,1
35 65,9 65,2 0,7 85 130,6 130,6 0,0
36 67,1 66,6 0,5 86 132,8 131,9 0,9
37 68,3 68,0 0,3 87 133,9 133,1 0,8
38 69,5 69,4 0,1 88 135,0 134,3 0,6
39 71,7 70,8 1,0 89 136,1 135,6 0,5
40 72,9 72,1 0,8 90 137,2 136,8 0,4
41 74,1 73,5 0,6 91 138,3 138,1 0,3
42 75,2 74,9 0,4 92 139,5 139,3 0,1
43 76,4 76,2 0,2 93 140,6 140,6 0,0
44 77,5 77,6 0,0 94 142,7 141,8 0,9
45 79,8 78,9 0,9 95 1439 143,1 0,8
46 80,9 80,3 0,7 96 145,0 144,3 0,7
47 82,1 81,6 0,5 97 146,1 145,5 0,6
48 83,3 82,9 0,3 98 147,2 146,8 0,4
49 84,4 84,3 0,1 99 148,3 148,0 0,3
50 85,6 85,6 0,0 100 149,4 149,2 0,2
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Table C.1 (continued)

Back- Poisson Normal Back- Poisson Normal
ground exact approximation |pifference | ground exact approximation | pifference

Jb Jd yd Jb yd Jd

101 150,5 150,5 0,1 151 211,8 2109 09
102 151,6 151,7 -0,1 152 2129 2121 0,8
103 153,8 152,9 09 153 214,0 213,3 0,7
104 1549 154,2 0,7 154 215,0 214,4 0,6
105 156;6 1554 6;6 155 2167t 245;6 6;5
106 1571 156,6 0,5 156 217,2 216,8 0,4
107 158,2 157,8 0,4 157 218,3 218,0 0,3
108 159,3 159,1 0,3 158 219,4 219,2 0,2
109 160,4 160,3 0,2 159 220,5 220,4 0,1
110 161,5 161,5 0,0 160 221,6 2216 0,0
111 163,7 162,7 1,0 161 223,7 222,7 1,0
112 164,8 163,9 09 162 224,8 2239 09
113 165,9 165,2 0,7 163 2259 2251 0,8
114 167,0 166,4 0,6 164 2270 226,3 0,7
115 168,1 167,6 0,5 165 228,1 227,5 0,6
116 169,2 168,8 0,4 166 229,1 228,6 0,5
117 170,3 170,0 0,3 167 230,2 229,8 0,4
118 171,4 171,2 0,2 168 231,3 231,0 0,3
119 172,5 172,5 0,1 169 232,4 232,2 0,2
120 173,6 173,7 0,0 170 233,5 233,4 0,1
121 175,8 174,9 0,9 171 234,6 234,5 0,0
122 176,9 176,1 0,8 172 236,7 235,7 1,0
123 178,0 177,3 0,7 173 2378 236,9 09
124 179,1 178,5 0,6 174 238,9 238,1 0,8
125 180,2 179,7 0,4 175 240,0 239,3 0,7
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Table C.1 (continued)

1ISO 11843-6:2019(E)

Back- Poisson Normal Back- Poisson Normal
ground exact approximation | pifference | ground exact approximation | pDifference

Jb yd yd b Jd Jyd

126 181,3 180,9 0,3 176 241,0 240,4 0,6
127 182,4 182,1 0,2 177 242,1 241,6 0,5
128 183,5 183,3 0,1 178 243,2 242,8 0,4
129 184,6 184,5 0,0 179 244,3 244,0 0,3
136 1867 1+85;8 16 186 2454 24571 0,2
131 187,8 187,0 0,9 181 246,5 246,3 0,2
132 188,9 188,2 0,8 182 2475 2475 0,1
133 190,0 189,4 0,6 183 248,6 248,6 0,0
134 191,1 190,6 0,5 184 250,7 249,8 0,9
135 192,2 191,8 0,4 185 251,8 251,0 0,8
136 193,3 193,0 0,3 186 2529 252,2 0,8
137 194,4 194,2 0,2 187 254,0 253,3 0,7
138 195,5 195,4 0,1 188 255,1 254,5 0,6
139 196,6 196,6 0,0 189 256,2 255,7 0,5
140 198,7 197,8 1,0 190 257,2 256,8 0,4
141 199,8 198,9 0,9 191 258,3 258,0 0,3
142 2009 200,1 0,8 192 259,4 259,2 0,2
143 202,0 201,3 0,6 193 260,5 260,3 0,1
144 203,1 202,5 0,6 194 261,6 261,5 0,1
145 204,2 203,7 0,5 195 262,6 262,7 0,0
146 205,3 2049 0,3 196 264,8 263,8 0,9
147 206,4 206,1 0,2 197 265,8 265,0 0,8
148 207,5 207,3 0,1 198 266,9 266,2 0,7
149 208,6 208,5 0,1 199 268,0 267,3 0,7
150 209,6 209,7 0,0 200 269,1 268,5 0,6
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Annex D
(informative)

Selecting the number of channels for the detector

The number of detector channels selected for the measurement determines the range that can be

Covi

ad that the

nun

Key

B1
B2

ored—H-is—mportant-to-ensure-that-there-isne-overap-betweenneighbouringpeakssa
\ber of channels is the same for measuring the background noise and for the sample.
Y 10

9 | S

8 L — —

" 1 |/

6 L —

5 | Bl >

4 r 4 B2

3 W\

N
P
2 7
N
1 7 AN
h
0
1 3 5 7 9711 13 15 17 19 21 23 25
X

channels
relative intensity (counts)

signal region
left background regiony
right background region

Figure D.1 — Specification of signal regions
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Annex E
(informative)

Examples of calculations

E.1 Exar
(XRD)

The hazardlous substance chrysotile asbestos can be detected using an X-ray diffractometets 0,10{ mg
of chrysotile asbestos were weighed accurately, dispersed in pure water, trapped on filter paper pnd
analysed. The quantity analysed was equivalent to 0,10 %, 0,10 mg/100 mg, the maximum regulgted
value allowed in building materials. Five repeated measurements of the concentration in the blank, xp
xp = 0, and jin the unknown, xg, were conducted. A powder XRD scan of chrysotile asbestos, presentef as
a plot of refative intensity against the Bragg angle, 26, is given in Figure E.1. USing five repetitions,|the
capability ¢f detection was calculated for K=/ =1 and @ = = 0,05.

Conditions|of measurements:
Instrument: X-ray diffractometer
X-ray qource: Cu, providing a 0,154 nm K-alpha monochromatic X-ray
Outpuf power: 40 kV, 40 mA
Channgl width: 0,02 degrees of the Bragg angle, 26
Total umber of channels: 23 (for both background noise and peak area)
Numbégr of measurements: 5
Accumulation time of each channel:0,2 s

Full width at half maximum (EWHM): 0,46 degrees of the Bragg angle, 26
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