INTERNATIONAL

1ISO

STANDARD 11929-4

First edition
2001-06-01

Determination of the detection-limit and
decision threshold for ionizing radiation
measurements —

Part 4.
Fundamentals andzapplication to
measurements by use of linear-scale

analogue ratemeters, without the influence

of sample treatment

Détermination de la limite de détection et du seuil de décision d
mesurages des rayonnements ionisants —

PS

Partie 4: Principes fondamentaux et leur application aux mesura%es réalisés

a l'aide d'ictométres analogiques a échelle linéaire, sans l'influe
traitement d'échantillon

ce du

Reference number

— ISO 11929-4:2001(E)

© IS0 2001


https://standardsiso.com/api/?name=8250607d98c4725124a03ba4232201fc

ISO 11929-4:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not be
edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this file,
parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.
Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters

were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© ISO 2001

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, elec-
tronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's mem-
ber body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +41 2274909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=8250607d98c4725124a03ba4232201fc

ISO 11929-4:2001(E)

Contents Page
S Yo 1P 1
A =Y 1 4T3 TaTo o 1< 11 011 10T RSP PRTT TP 1
G V1 o0 PSR 2
4 Statigtical values and confidence INtErval ...........c...ueiiiiiiiiiiiii e seeieeeeeee e B | 3
5 Appli¢ation of this part of ISO 11929 ........ccoiiiiiiiiiiiiiee e srrrrrrre e e e e s snnnrneeee e s e ST e e 5
6 FIgures and tables ...t e e e s eeeeeaaeeeeeenennnnnnbane s P ereeese el eeeniaes 6
Annex

A Exanpple of application of this part of ISO 11929..........ccuuiiiiiiiiiiiii e e es e 8
(23] ][0T =T o] 02O o= UREPERR ISR 10

© ISO 2001 — All rights reserved iii


https://standardsiso.com/api/?name=8250607d98c4725124a03ba4232201fc

ISO 11929-4:2001(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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
Commissio

Internationg

Draft Intern
Publication

Attention is
rights. ISO

Internationa
Subcommit

ISO 11929
threshold fg
Part 1:
Part 2:

Part 3:
without

Part 4:
influend

Part 5:

Annex A of

h (IEC) on all matters of electrotechnical standardization.
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ee SC 2, Radiation protection.
consists of the following parts, under the general title Determination of the detection limit and
r ionizing radiation measurements:
Fundamentals and application to counting measurements without the influence of sample treatr
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ISO 11929 gives basic information on the statistical principles for determination of the detection limit and decision
threshold (and directives for specification of the confidence interval) for nuclear radiation measurements based on

the princi

ples defined by Altschuler and Pasternack [, Nicholson 18], Currie 1.
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The decision threshold, which allows a decision to be made for each measurement with a given p

Of SO 1929 applies 10 fnear-scate anatogue puiSe-Tate Measurements as they are frequentt
onitoring of clothes, hands, feet, body, surfaces, air filters, working places, desks and other. fl3
papers, and other contamination checks in stationary use of equipment and sourcest kor
this measurement can be used when the detector is moved slowly enough for the sugface to b
under the detector area for twice the time constant of the integrating circuit in the gguipment.

9-1 and ISO 11929-2 deal with integral counting measurements with or without consideration of
. Specific problems which occur in case of spectrometric measurements or continuous m
e effluents are covered in ISO 11929-3 and ISO 11929-5.

of ISO 11929 deals with ionizing radiation measurements in which events, in particular
i using linear-scale analogue ratemeters, without considering/the” influence of a sample t
b exclusively the random character of radioactive decay and of{pulse-rate counting by use of a
ratemeter, and ignores other influences (e.g. due to sample‘treatment, weighting, enrichment,

to permit approximation of the real pulse/time distribution.by a normal standard distribution, an
es are negligible. Wherever activities or specific activities are to be determined, it is assunm
r the conversion of pulse rates into activities or.spécific activities have been determined wi
to ignore the influence of their uncertainty in the;measurement.

of 1ISO 11929 should not be used for ratemeters with cyclic digital counters. In this case, |
b applied.

urpose, Bayesian statistical methods are used to specify values of statistics characterized by t
Dr probabilities.

as to whether the registered pulses include a contribution by the sample.

Hetection limit, which-specifies the minimum sample contribution which can be detected W
bility of error using.the measuring procedure in question. This consequently allows a decision
whether a measuring method checked using this part of ISO 11929 satisfies certain requiremn
bquently suitable for the given purpose of measurement.

used in the
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confidence Jlimits, which define a confidence interval of the measurand with a given probability if the
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ured value exceeds the decision threshold.

NOTE T
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e-difference between using the decision threshold and using the detection limit is that measured valy
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Determination of the detection limit and decision threshold for
lonizing radiation measurements —

Part 4.

Fundamentals and application to measurements by use of linear-
scale | |
treatment

1 Scope

This part|of ISO 11929 specifies suitable statistical values which allow an assessmient of the detection capabilities in
ionizing radiation measurements, without the influence of sample treatment, usinglinear-scale analogue(ratemeters.
For this gurpose, statistical methods are used to specify statistical values characterizing given probabilities of error.

2 Ternps and definitions
For the purposes of this part of ISO 11929, the following terms and-definitions apply.

2.1
linear-scale analogue rate-meter
electroni¢ device whose output increases suddenly with every incoming pulse, and decreases with g given time
constant |until the next pulse arrives

NOTE The pulses should be of equal electrical chiarge, and the time constant should be independent of the pulse Hate.

2.2
measurirl|g method
use of a linear-scale analogue ratemeter for pulse-rate measurements under specified conditions

2.3
decision threshold
critical vglue of a statisti€al test for the decision between the null hypothesis ps = po and the alternativg hypothesis

Ps > Po
NOTE It hould hethé value R;, which, when exceeded by the determined value R,,, is taken to indicate that the n{ill hypothesis

should be|rejected"The statistical test should be designed such that the probability of wrongly rejecting the null hyppthesis (error
of the first|kind)\is equal to a value & which is fixed prior to commencement of the measurement.

2.4

detection limit

smallest difference p,, = ps — po associated with the statistical test concerned for the decision between the null
hypothesis ps = po and the alternative hypothesis ps > po and having the following characteristic: if in reality
pn = p;, the probability of wrongly not rejecting the null hypothesis ps = po (error of the second kind) shall be at
most equal to a value 3 which is fixed prior to commencement of the measurement

25
confidence interval
interval for p,, to be specified for the measured value obtained for R,

NOTE This interval includes the true value of p, in at least (1 — -y) X 100 % of all cases.

© 1SO 2001 — All rights reserved 1
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2.6
sample

whole amount or an aliquot of a material, the content of radioactive nuclides of which has to be determined by
ionizing radiation measurement

2.7
background

effect

measured counting rate without radioactivity of interest in the sample

NOTE This covers radiation caused by external sources and detector noise.

2.8

gross effect

measured dounting rate from the sample (sample contribution) and the background radiation

2.9

net effect

(sample comtribution) gross effect minus the background effect

2.10

guideline vglue

value which corresponds to scientific, legal or other requirements for whiehthe measuring procedure is infended to

assess, for pxample, as activity, specific activity, surface activity, or dose“rate

3 Symbols

R, Ratémeter output without sample (background pulse;rate)

Po Expectation value of Ry

R, Ratémeter output with sample (gross effect pulse rate) R,,

Ps Expgctation value of Ry

R, Net|counting rate (difference between gross and background pulse rate), R,, = Rs — Ry

Pn Expgctation value of R,

R} Dedsion thresholdfor the net counting rate 1),

o Detgction limit+for the expectation value of the net counting rate R,

s? Squared standard deviation

52 Expectation value of s?

a Error of the first kind; the probabilitiy of rejecting the null hypothesis ps = pg for the alternative hypothesis
Ps > po when the null hypothesis is true

I} Error of the second kind; the probability of accepting the null hypothesis ps = po against the alternative

hypothesis ps > po when the null hypothesis is false

1 — ~ Confidence level of the confidence interval for p,,

T Time constant of the ratemeter

© 1SO 2001 - All rights reserved
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ime constant for background measurement
ime constant for sample measurement

—B» kl_v/z Quantiles of the standard normal distribution (see Table 2)

stical values and confidence interval

4.1 Principles

411 G

The defir]
squared

by count|
compare

bneral aspects

ition of the statistical values for decision threshold, detection limit and confidence.intérval are b

ased on the

standard deviation of the measured results. They are dependent on the squared standard devidtion caused

ng statistics. Measurement equipment instability normally can be neglected“béecause usuall
J with the other influences. The contribution of counting statistics can be calculated by the Poiss

in combination with the Campbell theorem (2,

412 M

If device

Pn

The puls
detector
and sam

RS:

It is assy
counted
follow a

Ps = Po

T =time
The net g
Var (

For p,, =

Ddel
nstabilities are neglected, the following model may be applied:
Ps — Po

b rate measured without a sample, Ry, is caused by background radiation (external sources ar
and shielding). The gross pulse rate, R, measured with a sample is the sum of background ¢
ble radiation (net counting rate):

RO +Rn

med that, for a constant radioactive emission rate and a given time constant, both the numb
n a measurement of the gross effect, as well as in an independent measurement of the backgr
Poisson distribution. Therefore, the expectation values of the counting rates Ry and Rs
- pn, and the varianées ‘are s? (Ry) = po/27 and s* (Rs) = ps/2T, respectively (Campbe
Constant.

ounting rate &,v= (Rs — Ry) has the expectation p,, and the variance
R,) =Mar(Ry) + Var (Rs)

Q-this variance is (with ps = pg)

it is small
pn equation

d activity in
bunting rate

pr of pulses
pund effect,
are po and
Il theorem);

@)

Var (R, = 0) = po (i n i)

To Ts
where
To is the time constant at background-effect measurement;
Ts is the time constant at gross-effect measurement.

In this case, pp and ps are unknown parameters.

© 1SO 2001 - All rights reserved
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4.2 Decision threshold

The decision threshold shall refer to the value R}, which, when exceeded by a measured net counting rate R, is
taken to indicate that a sample contribution exists. Otherwise, it should be assumed that there is no sample
contribution.

If this decision rule is observed, a wrong decision occurs with the probability « that there is a sample contribution
when only a background effect exists (error of the first kind).

The decisiopn threshold is given by

RY = k_ov/Var (R, =0) = ky_o1/25° (Ro) 2)

If Ry has b¢en measured with higher precision than Ry

R;.; = }’1_(1\/ 82 (Ro) (3)

where k;_{ is a factor given in Table 2.

Equations fpr calculation of the decision threshold are given in Table 1.

4.3 Detegtion limit

The detectipn limit, p},, refers to the smallest expectationof the net counting rate under given parameters fgr which a
wrong decigion occurs with probability 3 (if the decision rule as specified in 4.2 is applied) that there is np sample
contribution but only a background effect (error of the second kind).

To check whether a measuring procedure jis’suitable for such measurements, the detection limit shall be dompared
with a spegified guideline value (e.g. specified requirements on the sensitivity of the measuring procgdure for
scientific, legal or other reasons).

So, with o and (3, the limit of detection is
pr = Ky + kap\Nar (R, = py) )

= ki_d\/VartR, = 0) + ki_gy/Var (R,, = p;,) (5)

and for s? (R, =0 = 5* (R, > 0), IN MoSt cases due 1o the high background countng rate of an unshielded
detector

pr, = (ki—q + k1—p)\/Var (R,, = 0) (6)
If &« = (3, the detection limit is
pn = 2R, ™

where k;_,, and k,_ g are factors given in Table 2.

4 © 1SO 2001 — All rights reserved
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4.4 Confidence interval
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Additional equations are given in Table 1 to assess a confidence interval for each measured value R,, on a specified
confidence level 1 — ~. This interval includes the true value of p,, in at least (1 — ) x 100 % of all cases.

5 Appl

ication of this part of ISO 11929

5.1 Specific values
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9. Frequently cited values are & = 3 = 0,05 and v = 0,10. If technically possible, the time
hosen such that the detection limit is below the guideline value.

essment of a measuring method
Sion as to whether a measuring method (2.2) satisfies certain requirements With respect to th

be made by comparing the detection limit which has been determined with the specified gui

be done either in advance, for the assessment of an intended measuring method on the
ntally determined background pulse rate by a separate measurement, or retrospectively
nd pulse rate then available from the measurement.

ction limit can be calculated by means of the equations given in Table 1. If the detectio

hder certain circumstances, a measuring procedure can be improved, for example, by preselecting an in
Dy using a mean pulse rate of multiple readings, by-réducing the background effect, by increasing sample
enrichment of the radioactivity.

bessment of measured results

sion threshold may be calculated by means of the equations in Table 1. A measured res
j with the decision threshold-thus obtained (see 4.2).

is greater than the decision threshold, it is assumed to be a real sample contribution.

cumentation

'd of measutements in accordance with this part of ISO 11929 shall contain details of the error
on threshold and the detection limit. For established sample contributions, confidence intervals
ance with the equations in Table 1 and the confidence level shall also be specified.

this part of
constant T

e detection
leline value

basis of an
using the

n limit thus

bd is greater than the guideline value, the measuring procedure is not suitable for the measurement.

creased time
juantity or by

ult shall be

robabilities,
determined
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6 Figures and tables
Table 1 — Equations for the calculation of statistical values

Decision threshold

Ro
R, = ki—ay| — 8
T
and if Ry has been measured with higher precision than R in the practical use of equipment
it
0
Ry =Ki_oay]| — 9)
2T
Detection limit
1 2 5 2
1— o 1—
o= |kima + kg [T+ Brmay | — + 2| /B2 4 22 (10)
PoT  4poT T 2T
Simplified equation if « = 3
| Ro
on = (ki—a + ki1—p) — (12)
and if Ry has been measured with higher precision than R;
Ry
*
pn = (Fra + ki) [ - (12)
Confidence Interval
Rs RS
R, — kl*'y/Z ; < Pn < R, + klf'y/Z E (13)
An estimatd for po is Ry and for py, itis Rj
NOTE 1 Thepe equations are approximations, becoming more precise as the number 7pg or TRy respectively increases. If fthe values
a = (8 = 0,05 and v = 0,10 as recoramgnded in this part of ISO 11929, and the true value of po7 is 2> 12, the actual probability offan error of
the first kind ig nearly 0,057 and the@ctual probability of an error of the second kind is nearly 0,044 and the confidence probability is greater than
0,944.
NOTE 2 Ry kan be used as.an estimate for po. The degree of approximation of po can be improved by using an increased time|constant if
technically pogsible usingsasignal registered over a time gap which is ten times the time constant of the meter, or by using a mean offthe results
of ten readingf of the meter/With smaller values of , 3, 7y (e.g9. @, 8 < 0,05, v < 0,01), the actual probalities of error may deviate dignificantly
more from the specified'values. The user of this part of ISO 11929 should refer to advice given in [3] or his own statistical studies.

© 1SO 2001 - All rights reserved
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Table 2 — Values k;_o, k1—g ki_./,as afunction of error probabilities  amd 1]
or confidence level 1 — qquantiles of normal distribution)

Error Confidence ki—a, -
. Minimum
probability level ki—g, poT 2
aorf3 1—7 k)2 0
0,158 6 0,682 1,000 3 b
1-wo

0,100 0 0,800 1,282 3P

0,050 0 0,900 1,645 12 JE o

0,025 0 0,950 1,960 23 JX

k. 0 ke
0,022 8 0,955 2,000 25 -5 "
0,0100 0,980 2,326 40
T-%
0,005 0 0,990 2,576 53
Y/2 y/2
0,001 4 0,997 3,000 83
_ 0 -

0,0q1 0 0,998 3,090 86 k-l ki
& Using the figures given in column 4, the quantiles of the standardized distribution of the Weasured results will not differ by morge than &= 5 %
from the gtandard normal distribution.
b Due to the correction terms in equation (8), this approximation is valid down to pgz ~ 3. In the case where the true value of pd7 is < 3, the
approximgtions are not sufficiently correct. In this case, use of a meter with ascycling working digital counting microprocegsor, and the
applicatiop of ISO 11929-1, are recommended.

© 1SO 2001 — All rights reserved 7
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Annex A
(informative)

Example of application of this part of ISO 11929

A.1 General

With a time constant set to 7 = 3 s, a contamination monitor with a ratemeter shows, after 12 s, a background count
rate of Ry F£ 105 — as a mean of ten readings.

A.2 Caldulation of the decision threshold

The decision threshold 2}, can be calculated using equation (8) in Table 1. I, will be taken jas an estimgte for po.
With o = 0{05, k1_, = 1,645 (Table 2, row 3), we obtain

/10
R} = 1,645 X 5

which equals to a decision threshold of pulse rate of

AR =299s"~30s"

n

If Ry has bgen measured with higher precision, it follows that

R} = 1,645 X
2x3
and
AR =212s"~21s"

With the cdlibration factor of the meter n = 0,29s™'/Bqg, R’ corresponds to 10,3 Bg. So, if the net cpunt rate
exceeds 2,1 s7! or the reading is\> (R 4+ R,) = 12,1s™*, a contamination has been detected at an eror of the
first kind of x = 5 %.

A.3 Caldulation ofithe detection limit

The detectipn limit.p,, can be calculated using equations (10) or (11) in Table 1. Ry will be taken as an es{imate for
Po- With o ¢r 3°<= 0,05, k1_o, k13 = 1,645 (Table 2, row 3), equation (10) gives

* — 1,645+ 1,645 X {1 + 1,645 x t 1645 | 10+1,6452
o ’ ! 10x3  3x4x10 3 2x3

pr =5096s ' ~60s "

Using the same parameters as above, the simplified equation (11) gives
N 10
Py, = 2 X 1,645 X 3

8 © 1SO 2001 - All rights reserved
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