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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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consists of the following parts, under the general title Capability of detection:
Terms and definitions
Methodology in the linear calibration case

Methodology for determination of the critical¥alue for the response variable when no calibra
e used

Methodology for comparing the minimtum detectable value with a given value
Methodology in the linear and non-linear calibration cases
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) distributed measurementsby normal approximations

Methodology based on-stochastic properties of instrumental noise
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Introduction

:2013(E)

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
mass spectrometers (SIMS) and gas chromatograph mass spectrometers (GCMS) are of this type. These
signals 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.

Det\tzrmining the minimum detectable value of signals is sometimes important in practieal
e provides a criterion for deciding when “the signal is certainly not detected”, or when. “t

val
sign
the
(Re
chr
per
int
the

Thd

fieldl of chemical analysis, although not where pulse-countingmeasurements are concerned
stablish a methodology for determining the minimum deteetable value in that area is req

toe
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con
is u
crit
Int

Thi

ctrictions on Hazardous Substances) sets limits on the use of six hazardous‘materials (|
bmium, lead, mercury, cadmium and the flame retardant agents, perbromobiphenyl
bromodiphenyl ether, PBDE) in the manufacturing of electronic components and related
he EU. For that application, XRF and GCMS are the testing instrumentswused. XRD is used
level of hazardous asbestos and crystalline silica present in the envir@riment or in building

his part of ISO 11843 the Poisson distribution is appteximated by the normal distributio
sistency with the [UPAC approach laid out in the ISO 11843 series. The conventional app
ed to generate the variance, the critical value of-the response variable, the capability of detection
eria and the minimum detectability level.[10]

his part of ISO 11843:

5 part of ISO 11843 isfully compliant with ISO 11843-1, ISO 11843-3 and ISO 11843-4.

ificantly different from the background noise level”’[1-8]. For example, it is valuableywhen
presence of hazardous substances or surface contamination of semi-conductor mate

methods used to set the minimum detectable value have for some time been in widesprea

a is the probability of erroneously detecting that a system is not in the basic state, wher
in that state;

B is the probability of errorieously not detecting that a system is not in the basic stat
value of the state variablg is'‘equal to the minimum detectable value(xq).
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with a given value

Fasurenients by normal approximations

Scope

5 part of ISO 11843 presents methods for determining the critical value of theé response v
minimum detectable value in Poisson distribution measurements. It is applicable when v{
h the background noise and the signal are describable by the Poissondistribution. 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, in whole or in part, are normatively referenced in this docume

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, Capability efdetection — 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 dete(

hriable and
iriationsin
nventional
consistent

discussed

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

'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

4

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

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.

© IS0 2013 - All rights reserved
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The following restrictions should be observed if the minimum detectable value is to be determined

reliably:
a)

mean value of the gross count.

b)
‘)

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

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

Timeinterval: Measurement over along period of time is preferable to several shorter measurements.

A single measurement taken for over one second is better than 10 measurements over 100 ms each.
The approximation of the Poisson distribution by the normal distribution is more reliable with

higher

The nu
here, 1]
numbs

d)

Numbyd
numbd

be identical (Annex D, Figure D.1).

Peak W
single
approf
value ¢

f)

Additional
its linear d
be no sign
measurem
considerat

5 Comyp

5.1 The

The decisid
mean y, g
to as the cy

P(yg>

where the

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.

er of channels used by the detector: There should be no overlap of neighbouring peaks.
r of channels that are used to measure the background noise and the sample spectra sh

idth: The full width at half maximum (FWHM) is the recommended coverage for monitori
peak. Itis preferable to measurements based on the top and/or the bottom of a noisy peak.
riate FWHM should be assessed beforehand by measuring'a standard sample. An ident
f the FWHM should be used for both the background noise and the sample measurement

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
ent should be negligibly small; at least onecsignal or peak belonging to the element ur
on should be observable.

utation by approximation

critical value based on the normal distribution

n on whether a measurédsignal is significant or not can be made by comparing the arithm
fthe actual measured values with a suitably chosen value y..Thevalue y., whichis refey

itical value, satisfies’the requirement

yc|x:0)Sa

brobability is computed under the condition that the system is in the basic state (x = 0) an

is a pre-sel

ctéd'probability value.

ted
the
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Formula (1

Tvestheprobabitity that 7 under thecomdition tirat:
g~ Yc

_ 1 1
Ye=Vp*Z1_¢0p 7+E

where
Z1

—Qa

Op

(2)

is the (1 — a)-quantile of the standard normal distribution where 1 - « is the confidence

level;

is the standard deviation under actual performance conditions for the response in the
basic state;

© ISO 2013 - All rights reserved
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Vb is the arithmetic mean of the actual measured response in the basic state;
Ji is the number of repeat measurements of the blank reference sample. This represents the

value of the basic state variable;

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

The + sign is used in Formula (2) when the response variable increases as the state variable increases.
The - sign is used when the opposite is true.

The definition of the critical value follows ISO 11843-1 and ISO 11843-3. Its relationship te th¢ measured
valges in the active and basic states is illustrated in Figure 1.

Y

Ve

Ye

B4

X  state variable

Y  response variable

a  the probability that an error of the first kind has occurred

B the probability that an error of the 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

© IS0 2013 - All rights reserved 3
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5.2 Determination of the critical value of the response variable

If the response variable follows a Poisson distribution with a sufficiently large mean value, the standard
deviation of the repeated measurements of the response variable in the basic state is estimated as |/ yy, .

Thisis an estimate of oy,. The standard deviation of the repeated measurements of the response variable

in the actual state of the sample is / , 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:

Y=V

where

Yp I8

5.3 Suff

y +Zl_a6b\/—

1 1 _ — |1 1
+ =Yy +Z1_ Vb= —
K Yb 1-a \/] K

J

the arithmetic mean of the actual measured response in the basic state.

cient capability of the detection criterion

The sufficient capability of detection criterion enables decisions to be,made about the detection

signal by ¢
If the crite
equal to th
value of th
value, ther

If the standlard deviation of the response for a given-value x

bmparing the critical value probability with a specified valug' of the confidence levels, 1
rion is satisfied, it can be concluded that the minimum detectable value, x4, is less tha
e value of the state variable, x,
? response variable, 174, for which an incorrect decision occurs with a probability, S . At
 is no signal, only background noise, and an ‘efiror of the second kind’ has occurred.

gis og, the criterion for the probabilit]

2

1, 1
+Zl—ﬁ 7Gb+EO'g

=Np *Z1+=41b /l+l , defined in Formulae (2) and (3), then:

1.1 1, 1 5
>21 a%b ]+E+Zlﬁ —Gb+ O'

(3)

of a
B.

1 Or

. The minimum detectable value then defines the smallest

this

y to

than or equal to 1- is set by inequality (4), from which inequalities (5) and (6) can be

(4)

(5)

che probability that an error of the first kind has occurred;

is the probability that an error of the second kind has occurred;

state;

be greater
derived:
Ng 2V
If y. isrey
T]g —My
where
o is
B
My
Mg
wi

th the state variable equal to Xg.

is the expected value under the actual performance conditions for the response in the basic

is the expected value under the actual performance conditions for the response in a sample

© ISO 2013 - All rights reserved
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With f=a and K =], the criterion simplifies to:

T L N ©

If oy, is replaced with an estimate of /y},, following 5.2 and similarly o is replaced with an estimate

of /}_/g (see Annex B), the criterion becomes inequality (7).

Mg ~Mp =21 a\f(\/ZYbJr\/beryg) (7)

NOiE When validating amethod, the capability of detection is usually determined for K = J=1"injaccordance
with ISO 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 gssessment
using criterion inequality (6) has to be made from the experimental data. The expression pn the left-

hand side of the simplified criterion inequality (6) is unknown, wherea’s that on the right-hjand side is
knagwn.

A confidence interval of 1, —ny, is provided by N repeatedfmeasurements in the basic state and N
repeated measurements of a sample with the state variable equal to Xg. A 100(1 -a /2) % |confidence
intdrval for Ng —My is:

1 1 1 1
Ve = Yb)=Z(1-as2)\| Gb"'NG <Ng =Ny SPg —Vp)+Z(1-0/2) Gb+NU§ (8)

where z(1_g, /) is the 100(1 -a /2) quantile’of the standard normal distribution.

To fonfirm the sufficient capability~of detection criterion, a one-sided test is used. With f=a,
10d (1 —a) % of the one-sided lower confidence bound on n, -7y, is:

1 1
Mg My 2Vg —Vp)—21L a)\/—UbJFN : 9

whegre

N is the nimber of replications of measurements of each reference material used to agsess the
capability of detection;

Vg s the arithmetic mean of the actual measured response in a sample with the state yariable
equal to Xg;

My is the expected value under actual performance conditions for the response in the basic state;

ng Is the expected value under actual performance conditions for the response in a sample with
the state variable equal to x,; .

© IS0 2013 - All rights reserved 5
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The one-sided lower confidence bound on ng - 1, of inequality (9) is compared to the right-hand side of
inequality (6), giving:

ng —MNp

- 1 2 1 3 1 [2 2
:Wg—yb)—Z(l_a) N(Tb'f‘ﬁﬁg ZZ(l_a)\/;(\/EO'b'F O'b+6gj

(10)

An approximate 100(1 —a)% lower confidence limit T, for Ng —Mp is obtained by replacing o, and Og

with \/%

and Vg respectively, as defined in Formula (3) and inequality (7):

[1

TO :Wg

If the lowsg
detectable
Xq is therg
Formula (1

— = ——
—IB Ty VI e

r confidence limit T, satisfies inequality (7), it is concluded that the minimum aver
response value, Vg, is less than or equal to the minimum detectable response’value,

fore less than or equal to x, and, for relatively large values of N, the lower\eonfidence 1

g
1) will suffice.

(11)

age

Ya-
mit

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

The capabl]lity of detection assessment is usually carried out as a paft of the initial validation of|the

method. It provides the following:

a) information about the reference materials, including the reference state value x ;

b) the number of replications, N, for each reference state;

c) the mdanvalues, y,, and Vi

d) the ch¢senvaluesfor a, 8, J andK ;

e) values|for the left- and right-hand sides oflinequality (7) using the estimates, i.e. Yg—Yp OF, when
applicgble, (B=a ,K=]). (ng —1y,), itssconfidence interval and its lower acceptable limit
Z1_q \/} (\/Ec;b +4 lag +G§ ) camralso be calculated

f) the conclusion concerning@apability of detection;

g) if necdssary, the mihimum detectable value for a given background value. This is obtained by
replacing N and ¢/ with infinity and 1, respectively, in Formula (10).

7 Reportingthe results from an application of the method

The observedvatues—shottdbereportedastheyrepresenttheresponseof-the-state-vartable—the-fact

that these observed values are used to test for the true values is no reason to discard them and replace
them by an upper limit (equal to the critical value of the test) or a minimum detectable value. Reportalso
the applied critical value and, if possible, the minimum detectable value.

© ISO 2013 - All rights reserved
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Annex A
(informative)

Symbols used in ISO 11843-6

state variable

response variable

number of replications of measurements on the reference material representing the
the basic state variable (blank sample)

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

number of replications of measurements of each reference matefial in assessment of
bility of detection

a value of state variable

a value of response variable

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

given value which will be tested to determine whether it is greater than the minimu
able value

minimum detectable value of the state variable

standard deviation under ac¢tual performance conditions for the response in the bas

value of

the capa-

m detect-

C state

standard deviation under actual performance conditions for the response in a sample with the

state variable equal to Xg

expected valie under the actual performance conditions for the response in the basi

expected/value under the actual performance conditions for the response in a sampl
state-vdriable equal to Xg

the arithmetic mean of the actual measured response in the basic state

Cc state

b with the

the arithmetic mean of the actual measured response in a sample with the state vari

to Xg

minimum detectable response value with the state variable equal to x4

mean value corresponding to the expected number of events in Poisson distribution

the probability that an error of the first kind has occurred

the probability that an error of the second kind has occurred

© IS0 2013 - All rights reserved
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1-a confidence level
1-B  confidence level

(1—a) -quantile of the standard normal distribution

Z1_p (1- ) -quantile of the standard normal distribution

T, lower confidence limit

© ISO 2013 - All rights reserved
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Annex B
(informative)

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

The probability function for the Poisson distributionis p(y,A).Itis described by the followink equation:

y
zo(y.z):ly—,e‘A (B.1)

where
A is the mean value corresponding to the expected number of events in a given time;

Y is the actual number of events recorded in that time.

Sin¢e random variable, Y, follows the Poisson distribution withyparameter A, both the exp¢cted value
and| the variance of this random variable are equal to A, that is E(Y)=4 and Var(Y)=A[. Only one
parpmeter, 4, needs to be estimated. This estimate, basedyon J independent measurements, |s:

M\

Yi
L =y=1I=1 B.2
y ] (B.2)

When the Poisson distribution is approximated by the normal distribution, the random vajiable Y is
replaced by the random variable Z ,which has a normal distribution, N(1,1).

© IS0 2013 - All rights reserved 9
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Annex C
(informative)

An accuracy of approximations

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

are compa
accuracy o

The minim
following

The summ
difference

cad with thaoca obhtainoad by tha avact Datccan calonlation Thaoco neavida actinaqatac of b oy
S WHt1e5e-0 Bt e e By te-eXa et oS5 - CarcdaHo—1es e-proviae-eStHRate S8+ 1Y

f the approximation varies with the number of counts.

um detectable response value according to the exact Poisson method is calculdted by
rocedure.

htion of variables following a Poisson distribution also follows a Poisson distribution, buf]
Hoes not. When this difference is exactly described, the following probability function is u

The resporjse value in the basic state corresponds to the background noise of the'measurement, yy,
the responfe variable in the actual state, y 4, expresses each two-sample, undeb the null hypothesis
This means that the distribution follows Formula (C.1) where y is |yb —yd| .
®© . . 1
=y

Iy (0) is ajmodified Bessel function of the first kind. Thedistribution follows Formula (C.2) under
alternativeg hypothesis.

00 o 1 0 /2

Priy]qe 1" 0jo] Y [ i(j- y)1] =e(91+92)(9—1j 1,(2,/010,) (

i— 2

=y
The minimum detectable response in the actual state value can be derived from these two equati

Alternativ¢ly the minimum detectablexesponse value via approximation can be derived by Formulag
and (11) when the number of replications of measurements, N, is replaced by infinity.

Table C.1 shows the minimum detectable value when the parameter y,, corresponding to basic s
value, is fr¢m 1 to 200 together'with the differences from the exact Poisson calculation.[11]

The exact Poisson calculation and the normal approximation are fairly consistent and within one cc
of each othler over a wide range.

When the jminimti detectable response value is to be determined with a precision of 5 % or less,
measuremgenteonditions should be adjusted so that a minimum of 18 discrete counts are used to set

w the

the

the
ced.
and

C.1)

an

£.2)

DINS.

(7)

fate

unt

the
the

background‘values.

10
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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
Yb Jd Jd Yb Yd Yd
1 8,2 8,4 -0,1 51 87,8 86,9 0,9
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
4 171 16,0 1,0 54 91,2 90,9 0,3
5 18,9 18,1 0,8 55 92,4 92,2 0,2
& 20-8 203 07 56 93-5 93-5 0,0
7 22,2 22,0 0,2 57 95,7 94,8 0,9
8 24,7 23,9 0,9 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 99,2 987 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 34,9 34,1 0,7 64 104,8 103,9 0,9
15 36,1 35,7 0,4 65 105,9 105,2 0,7
16 37,4 37,3 0,1 66 10%1 106,5 0,6
17 39,8 38,9 0,9 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 1129 0,9
22 471 46,5 0,5 72 1149 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
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 1239 123,1 0,8
30 58,9 58,2 0,7 80 125,0 124,3 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 83 128,3 128,1 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 1319 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
44 775 776 00 94 1427 1418 0,9
45 79,8 78,9 0,9 95 143,9 143,1 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
© IS0 2013 - All rights reserved 11
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Table C.1 — (continued)

Back- Poisson Normal Back- Poisson Normal
ground exact approximation | pifference| 8round exact approximation |pifference

Vb Jd yd Yb Jd Jd

101 150,5 150,5 0,1 151 211,8 2109 0,9
102 151,6 151,7 -0,1 152 212,9 212,1 0,8
103 153,8 152,9 0,9 153 214,0 213,3 0,7
104 1549 154,2 0,7 154 215,0 214,4 0,6
105 156,0 155,4 0,6 155 216,1 215,6 0,5
106 35743 15656 -5 156 2372 216-S 04
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 0,0 160 221,6 221,6 0,0
111 163,7 162,7 1,0 161 223,7 222,7 1,0
112 164,8 163,9 0,9 162 224.,8 2239 0,9
113 1659 165,2 0,7 163 2259 22531 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 1749 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 0,7 173 237,8 236,9 0,9
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
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 2440 0,3
130 186,7 185,8 1,0 180 245,4 245,1 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 0,3 186 252,9 252,2 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 2031 2025 06 194 2616 2615 01
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 2073 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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Figure C.1 — The variation in the percent difference between the Poisson distributiop and the
normal approximation with the background value
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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

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

Examples of calculations

ometry

D)
Thg hazardous substance chrysotile asbestos can be detected using an X-ray diffractometer] 0,10 mg of
chrysotile asbestos were weighed accurately, dispersed in pure water, trapped . on filter|paper and
analysed. The quantity analysed was equivalent to 0,10 %, 0,10 mg/100 mg, the‘maximun} regulated

valye allowed in building materials. Five repeated measurements of the ceficentration in|the blank,

Xp F 0, and in the unknown, Xg,wWere conducted. A powder XRD scan of chiysotile asbestos| presented

as g plot of relative intensity against the Bragg angle, 28, is given in Figure E.1. Using five gepetitions,
the|capability of detection was calculated for K=J=1 and o =£=0,05"
Conditions of measurements:

Instrument: X-ray diffractometer

X-ray source: Cu, providing a 0,154 nm K-alpha monochromatic X-ray
Output power: 40 kV, 40 mA

Channel width: 0,02 degrees of the Bragg angle, 20

Total number of channels: 23 (for both*‘background noise and peak area)
Number of measurements: 5

Accumulation time of each.channel: 0,2 s

Full width at half maximum (FWHM): 0,46 degrees of the Bragg angle, 26
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Figure E.1 — X-ray diffraction pattern of chrysotile asbestos

E.1.1 Statistical analysis

The experiment gave counts for y}, and y, of 174-and 261, respectively. Using these values, the 9p %
lower confldence limit calculated according to@®ormula (11) gave:

_ 1 —— 1
0y —y))—z(l_a)\/% [V +7, :(261—174)—1,645\/;><\/174+261 =71,7

This is gfeater than zl_a\/%(x/iabh/crg+o§j=1,645\/%(\/§><\/174+\/174+261)=65,0 uging

Formulae (6) and (7).

It can therefore be coneluded, with at least 95 % confidence, that the 0,1 % of chrysotile asbestds is
present.

E.1.2 Estimating the minimum detectable concentration of asbestos

The minimum detectable concentration of asbestos in construction materials can be estimated using
the same conditions. The minimum detectable concentration can be improved by increasing the number
of measurements. Increasing the number of measurements to an infinity level gives the marginal
minimum detectable concentration, as shown in the following calculation:

_ 1 ——
O—ld_Yb)_Z(la)\/%\/yb"'J’d =71 ¢ (ﬁ6b+\/dg+oﬁj
_ 1 —— — ——
U_/d_yb)_z(l—a)\/;\/J’b*yd =Z1¢q (\/ZJ’b +\/J’b +J’d)
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