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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
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Introduction

©1SO

This part of ISO 11929 gives basic information on the statistical fundamentals for determination of the detection limit
and decision threshold (and additional directives for specification of a confidence interval) for nuclear counting
radiation measurements based on the principles defined by Altschuler and Pasternack [1], Nicholson [7] and

Currie [3].
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adiation measurements without the influence of sample treatment. For this-purpose, statistical r
pecify the following two statistical values characterizing given probabilities of error.

decision threshold, which allows a decision to be made for eaeh measurement with a given p
as to whether the registered pulses include a contribution by the sample.

detection limit, which specifies the minimum sample ‘cantribution which can be detected w
ability of error using the measuring procedure in question. This consequently allows a decision
b whether a measuring method defined in this patt of ISO 11929 satisfies certain requirem
equently suitable for the given purpose of measurement.

fence between using the decision threshold.and using the detection limit is that measured valu
0 with the decision threshold while the detection limit is to be compared with the guideline value
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3 Term

For the p

3.1

Is—and definitions

urposes of this part of ISO 11929, the following terms and definitions apply.

measuring method
use of a measuring instrument for counting measurements under given conditions

3.2

decision threshold
critical value of a statistical test for the decision between the hypothesis ps = pg and the alternative hypothesis

Ps > Po
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NOTE In the case of time preselection, it shall be the value R} which, when exceeded by the determined value R,, is
taken to indicate that the hypothesis should be rejected. In the case of pulse preselection, it should be the value (Rs/Rgp)* which,
when exceeded by the determined value R¢/R,, is taken to indicate that the hypothesis should be rejected. The statistical test
should be designed such that the probability of wrongly rejecting the hypothesis (error of the first kind) is equal to a value o

which is fixed prior to commencement of the measurement.

3.3

detection limit
(time preselection counting) smallest expectation value of the net counting rate that can be detected on given
probabilities and, therefore, the smallest difference p, = ps — pg associated with the statistical test concerned for the

decision bgtween the Nypothesis ps = pg and the arernative Nypotnesis ps > po and having the foftoying cha-
racteristic: if in reality p, = p, the probability of wrongly not rejecting the hypothesis ps = pg (error of(seepnd kind)
shall be at ost equal to a value B which is fixed prior to commencement of the measurement

3.4

detection lirhit

(pulse presglection counting) smallest quotient ps/pg associated with the statistical test cancerned for the| decision
between the¢ hypothesis pg = pg and the alternative hypothesis pg > pg and having the_following charactetistic: if in
reality ps/pd = (ps/po)*, the probability of wrongly not rejecting the hypothesis pg =@g-(error of second kind) shall at
most be equal to a value B which is fixed prior to commencement of the measurement

3.5

confidence jnterval

interval to be specified for the measured value obtained for R, or Rs/Ry.

NOTE This interval includes the true value p, or ps/pg in at least (1<) x 100 % of all cases.

3.6

sample

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

3.7

background effect

measured dounting rate without a sample

NOTE This covers radiation caused hy external sources and radionuclides in detector and shielding.

3.8

gross effect

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

3.9

net effect

(sample corrtribution) gross effect minus the background effect

3.10

guideline value
value constituted by requirements on measuring procedures arising for scientific, legal or other reasons which are
specified, for example, as activity, specific activity, surface activity, dose rate, etc.

NOTE If

necessary, a calibration factor can be determined using a radioactive reference standard.
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4 Symbols

No Number of pulses counted during measurement of the background effect

Ng Number of pulses counted during measurement of the gross effect

to Duration of the background effect measurement

ts Duration of the gross effect measurement

Ro Background effect counting rate, quotient of the pulses Ny counted during the preselected
duration of measurement ty and the duration of measurement tg: Ry = Ng/tg

Po Expectation value of Ry

Rs Gross effect counting rate, quotient of the number of pulses Ny countedyduring the |preselected
duration of measurement tg and the duration of measurement tg: Ry = Nd/ts

Ps Expectation value of Rg

Rn Net effect counting rate, difference between gross andsbackground effect coupting rates,
Rn = Rs - Ro

Pn Expectation value of R,

R¥ Decision threshold for the net counting rate R, using the time preselection (see Tablg 1)

(Rs/Ro)* Decision threshold for the quotient Ry/Ry 1SiNg pulse preselection

o) Detection limit for the expectation valte of the net counting rate R, using time preselgction

(0s/pPo)* Detection limit for the quotient psfpg using pulse preselection (see Table 1)

a Error of the first kind; the probability of rejecting the null hypothesis ps = pg for thg alternative
hypothesis ps > pg when'the null hypothesis is true

B Error of the second kind; the probability of accepting the null hypothesis ps = pg [against the
alternative hypathesis ps > pg when the null hypothesis is false

1-y Confidencejevel of the confidence interval for p, or ps/pg

ki ki k12 Quantiles of the standard normal distribution (see Table 2)

F (Ns, No} 1-0) A

F (No. Nsp 1=1)

Quantiles of the F-distribution (see Tables 3 and 4)
F (NOI NS! 1_V/2)
F(Ns, No, 1-y/2)

Quotient of the measuring times tg and ty with time preselection: q = t5/tg; or quotient of the

numbers of pulses Ng and Ng with pulse preselection: g = Ng/Ng
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5 Statistical values and confidence interval

5.1 Principles

5.1.1 General aspects

©1SO

The definition of the statistical values for decision threshold, detection limit and confidence interval are based on the
variances of the measured results. They are dependent on the variations caused by counting statistics. Measure-
ment equipment instabilities normally can be neglected because usually they are small in comparison to the other
influences. The influence of counting statistics can be calculated by the Poisson formula.

5.1.2 Modgl

If device ing

The numbe
detector no

The numbe
Ng = N
It is assumgq

of the grosg
are Poisso

counting rafes Ry and Rg are pg and ps = pg + pn. The variances of Ry and Rg are pgltg and pg/ts, respective

The net cou

var(R,

Forp,=0t

var(R,

In this case

The values
depending

5.2 Decis
5.2.1 Time

In the case
measured 1

tabilities are neglected, the following model can be applied.

r of pulses, Ng, counted without a sample is given by background radiation (external sou
se).

of pulses, Ng, counted with a sample is the sum of background and sample radiation (net coun
b + Ny

d that, for constant radioactive emission, both the numbers of pulses, Ns, Ng, counted in a mea
effect during the time tg and in an independent measurementof the background effect during t

rces and

ting):
@

surement
he time tg

h distributed with the expectations psts and pgty, respectively. Therefore, the expectatiofs of the

nting rate R, = Rs—Ry has the expectation p, and thelvariance

:var(R))+var( Ig)

his variance is

=po(1/ 1y +1/ 1)
Po and pg are unknown paratneters.

of statistics characterizing the decision threshold and the detection limit shall be formulated in
bn whether a time preselection or a pulse preselection has been made.

on threshold
preselection

of time preselection, the decision threshold shall refer to the value R} which, when excee

Y.

)

®3)

R manner

ded by a

etcounting rate R, is taken to indicate that a sample contribution exists.

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

The decisio
Ry =

where kq_g,

n threshold is given by

k- q+var(R, =0)

is a factor given in Table 2.

Formulae for calculation of the decision threshold under different conditions are given in Table 1.

(4)
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5.2.2 Pulse preselection

In the case of measuring time while counting up to preselected numbers of pulses, Ng, Ng, the decision threshold for
the pulse rate is given by

OR, O*
E%B = F(Ns, No,1- a) 5)

where F (Ng, N, 1-0) is a factor given in Table 3; Ry = Ng/tg, Ry = No/tp.

5.3 Detection limit

5.3.1 Tine preselection
In the cape of time preselection, the detection limit shall refer to the smallest expectation of the net codnting rate p
for whichf a wrong decision occurs with the probability 8 (if the decision rule as specified in 5.2 is appliedl) that there
is no sanpple contribution but only a background effect (error of the second kind)(
To checl whether a measuring procedure is suitable for the purpose of measurement, the detection limit shall be
comparefl with a specified guideline value (e.g. specified requirements on.the sensitivity of the measuring procedure
for scientffific, legal or other reasons).

So, with ¢r and S, the detection limit is

ph| =Ry + ke pgyvar( R = p%) (6)
= ki - gy var(Ry =0) + k_gyvar( R= phc) (7)

and for vir (R, =0) = var (R, > 0)
P4 = (ki-a + ko g)var(R, = 0) ®)
If a = (3, the detection limit is
oh E 20R: ()
where kil 4, ky_p are factors given in Table 2.

Formulag for caleulation of the detection limit under different conditions are given in Table 1.

5.3.2 Pulse-preselection

In the case of pulse number preselection counting, the detection limit is the smallest quotient of the expectations of
gross and background counting rates (ps/pg)* for which there is a probability 8 for wrongly accepting the null
hypothesis ps = pg that there is no sample contribution but only a background effect.

The detection limit is

]

SE*:F(NO,NS,l—ﬁ)DF(NS, Ny, 1- ) (10)
0

|

o
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5.4 Confidence interval

By way of completion, formulae are given which can be used with a specified confidence level 1-y to assign a
confidence interval to each measured value. The confidence interval for p,, or ps/pg is an interval to be specified for
the measured value obtained for R, or R¢/Ry using the formulae given in Table 1. It includes the true value of p,
or ps/pp in at least (1-y) x 100 % of all cases.

6 Application of this part of ISO 11929 (see annex A)

6.1 Specified values

The error pfobabilities a,  and the confidence level 1-y shall be specified in advance. Frequently cited vhlues are
a = [B=y=0,05. The measuring times ty and tg, in the case of time preselection, and the numbers of pulses Ng
and Ng, in the case of pulse preselection, shall be chosen such that the detection limit is below the guideling value.

NOTE Ifla =B =y/2 are chosen and if var(R,) varies just a little with R,, one obtains for R, = (R} 'the confidenge interval
Rf + kl_o,\/— ar( I%) , that is the interval (0, p3}). This choice avoids a discontinuity in the expression of results.

6.2 Assegsment of a measuring procedure

The decisign as to whether a measuring method (3.1) satisfies certain requirements with respect to the |detection
limit shall bp made by comparing the detection limit which has been deterniined with the specified guideline value
(see 5.3.1).

This may be carried out either in advance, for the assessment of aniintended measuring method on the basis of an
empirically determined value for the background effect or a sepabate measurement, or else in retrospeqt, for the
assessmenf of a measurement already carried out on the basis‘of the background effect value then availabjle.

The detectipn limit may be either read off from Figure .er Figure 2 or calculated by means of the fofmulae in
Table 1.

If the detection limit thus determined is greater thanthe guideline value, the measuring procedure is not suitable for
the purposq of the measurement.

NOTE nder certain circumstances, a measuring procedure may be suitable for the purpose of measurement, for example,
by preselect|ng a greater duration of meaSurement or a higher number of pulses, by reducing the background effect, or by
increasing sample quantity or by sample(enrichment.

6.3 Assegsment of measured-results
The decisioh threshold may.be read off from Figure 1 or Figure 2 or calculated by means of the formulae in| Table 1.

A measured result shalllbe compared with the decision threshold thus obtained (see 5.2). If a result is grdater than
the decisior) thresheld;'it is assumed to be a real sample contribution.

6.4 Docuinentation

A report on measurements in accordance with this part of ISO 11929 shall be accompanied by details on the pro-
babilities of error, the decision threshold and the detection limit.

For established sample contributions, in addition to the measured value, confidence intervals determined in
accordance with the equations in Table 1, and the confidence level, shall also be reported.


https://standardsiso.com/api/?name=52f63f7f407e24ac05111f6b1527c632

©1SO ISO 11929-1:2000(E)

>
T
=
o 60
a
(7]
Z
'é 50 ’/ g=1
1
5 Jr< - 0.5
w /
740 i 7T 1t g= 025
- . e = 0,1
x P - = A79="
" A7 T —~ T N g—0
> - " = _~
30 P -4 e e
PR AL T _~ g=1
- = b A~
4/ /' ‘// —_ q = 0’5
A e T L =] g- 02
20 et = 2= ] — :
e — ] —Lg=01
=" 4 — T 1 [T9—0
= — | — T T
10 P~ aun. e
» = " A%
// = ////
——
0 I
0 1 5 10 20 30 40 50 60 70 80 90 100
140 ’Ls
RO ’Ls
Decision.thteshold: Ry = y/ts; (x-axis: Ryfk) (12)
------------- - Detegtion limit: Jo3 = ylts; (x-axis: polik) (12)
NOTE Values for q - 0 are calculated by the formulae in Table 1 for tg— oo

Figure 1 — Decision threshold and detection limit using preselected time as a function of
Rots or pptg respectively for o = g =0,05; parameter q = tg/ty


https://standardsiso.com/api/?name=52f63f7f407e24ac05111f6b1527c632

ISO 11929-1:2000(E) ©1SO

>
g
£ 1000
=
@ 500
:_I \\
AN
,;:_: 200 N
<100 P \.\
- ;\\\\‘ Y
2RSSO
o \\\\;\
<20 \%\\
= SO\
~ 10 \§§2\\\
o \‘e\‘\‘
+ N S ~
Zos TR
" & O ~
S S TS TN g=1
‘Q — ] \ =
||| \§§E§:‘\ 47_8-35
1 = — g="
~— q:0,1
S = =/ 01
05 —— ISR
g=05
=—"1g=0,25
0.2 -q:0,1
g—=0
0,1
2 3 L)'5 6 78910 20 30 40 50 60 | 80 [100 |N
70 90
Decision thresheld: Btig =9 (13)
Ho0  y-1
PR, Opg [T
--------------- Detection limit: 0 =y+1 (14)
0og O
Figure-2—Decisiom threshotdanmddetectiom timit using presefectedcounts as a functiomrof

Ng for a = g=0,05; parameter g = Ns/Ng


https://standardsiso.com/api/?name=52f63f7f407e24ac05111f6b1527c632

©1SO

ISO 11929-1:2000(E)

Table 1 — Formulae for the calculation of the decision threshold, the detection limit
and the confidence interval

Time preselection

Remarks

Decision threshold

_1 5
RS =5 Ko

Detection limit

(15)

The formulae (15) to (17) are based on approximations of the
Poisson distribution by the normal distribution. With values of
adequate size of Ryts and pots, the following more simplified
approximation formulae are obtained from the formulae for the
decision threshold and the detection limit given on the left:

Confidente interval

-
LT 0T 10 v
[ofs "(kl—a+k1—B) PoE—* 1 H
o s . 01 14
) o1 an oh =(a-a +la-p)lpof -+ D (162)
F=(ky_ g + k- g) O=+—=0 16 °
4(1 atk B) N (16)

RW_I‘L—y/21%"'%spng%"'lﬁ—w%%*’% an

01 10
Ry =k-q,/RE—+—0 (15a)
Dte—tH

Pulse preselection

Decision fthreshold

R, O
E%E =F(Ns, Np,1-0)

(18)

Detectior] limit OR, O* 1 1
Op, DESOE SRR N (182)
250 = F(No, Ng,1- ) OF(Ns, Np, 1-a) (19) 0 s
0og [ Detection limit
Confidente interval Oo. O* 1 1
P50 =14 (kg + g p) |t (19a)
1 Ns to _ps Ooo O No Ng
F(Ng Ny, 1—y/2 Ng t
(NsNoL-772 ) l\(l) : Po (20) | Confidence interval
<F(Ng,Ns1-y/2 ) —=.2 O 1 O,
No & %_kl—y/Z < *E*<
No No NsOfs
0
Ps <& %~+kl—y/2 i+i h (20&)
Po No  NsOfts
alternatively
Ns _No No . N
L vzt S
s o 15
N N N
Pn=—> _t_o 1-y/2 t_zoth_zS (206)
S 0 0 S

The formulae aredexact for all Ny and Ng. With adequately
large valuesof\Ny, and Ng, the following approximtions can
be used:

Decisionthreshold
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Table 2 — Values ki, ki, K1_(y/2) @s a function of the error probabilities aand B
and of the confidence level 1-y(quantiles of normal distribution)
Error of Confidence
probability level
aorf Ki-o kaip 1y Ki-(y12)
0,158 5 1,000 0,682 1,000
1-o
0,100 0 1,282 0,800 1,282
0,050 0 1,645 0,900 1,645 B x
0,025 0 1,960 0,950 1,960 J«&
kip 0 kg
0,032 8 2,000 0,955 2,000
0,0100 2,326 0,980 2,326
T-9
0,050 2,576 0,990 2,576 y/2 /2
0,001 4 3,000 0,997 3,000 |
-kt 0 k.
0,091 0 3,090 0,998 3,090 /2 -ly/2)
Table 3 — Values for F (Ng, Ng, 1-a)2 and F (Ng,"Ns, 1-8)° as a function of
Np and g = Ng/Ng for a = 3=10,05
No, Ns ¢ F (Ns, No, 1-0) F (No, Ns, 1-B)
1,000 0,5000 10,2500 0,2000 0,100°0'| 1,0000 05000 0,2500 0,2000 10,1000
1 19,000 19,000
2 6,388 2 19,247 6,3882 6,944 3
3 4,283 9 4,283 9
4 34381 6,0410 19,371 3,4381 3,8379 4,4590
5 2,978 2 19,396 2,978 2 4,102 8
6 2,6866 13,9999 2,6866 29961
7 2,483 7 2,483 7
8 2,3335 3,201 6(~5/844 1 2,3335 2,5911 3,0069
9 2,217 2 2,217 2
10 2,1242 2/740 5,802 5 19,446 2,1242 2,347 9 2,866 1 3,4928
25 1,599 6 1,599 6
50 1,3918v 1,5252 1,3918 1,4773
100 12626 11,3418 14840 15514 12626 11,3207 11,4148 1,4555
250 11587 11,2016 1,3081 14576 | 1,1587 11,1940 1,2754 1,876 6
500 1,1097 1,378 1,1847 13055 11,2960 | 1,1097 1,342 1,1736 11,1904 1,2597
1000 1,076 4 10952 1,1261 1,1396 1,1972 | 1,0764 1,0935 1,1208 11,1325 11,1803
2 500 1,0476 1,0590 10774 10853 11,1186 | 1,0476 11,0583 1,0754 11,0826 11,1122
5000 1,0334 10413 10539 10593 10818 1,0334 1,0410 1,0529 11,0580 1,0787
10 000 1,0235 11,0290 1,0377 11,0414 1,0568 | 1,0235 1,0288 1,0372 1,0408 1,0553
a =5 % of the area.
1-a
o a (1-a) quantile of F-distribution with 2Ng numerator degrees of freedom and 2Ng denominator
degrees of freedom.
0 b (1-pB) quantile of F-distribution with 2Ng numerator degrees of freedom and 2Ny denominator
F (Ns, N(), 1-
degrees of freedom.
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Table 4 — Values for F (Ns, Ng, 1-y/2)2 and F (Ng, Ns, 1-y/2)P as a function of
Ng and g = Ng/Ng for 1-y=0,95
No. Ns @ F (Ns, No, 1-y/2) F (No, N, 1-y/2)
1,0000 0,5000 10,2500 0,2000 0,000 | 1,0000 05000 0,2500 0,2000 0,1000
1 39,000 39,000
2 9,6045 39,248 9,6045 10,649
3 5,819 8 5,819 8
4 44333 8,9796 39,373 44333 5,0526 6,0595
5 3,716 8 39,389 3,716 8 5,456 4
6 3,2773 5,366 2 3,2773 3,7283
7 2,978 6 2,978 6
8 2,7614 40761 8,6326 2,7614 3,1248 3,7294
9 2,595 6 2,595 6
10 2,4645 3,4185 8,5599 39,448 | 2,4645 2,7737 3,5147 14,4613
25 1,752 1 1,752 1
50 1,4833 1,656 2 14833 15917
10 1,3205 1,4204 16034 16915 1,3205 11,3927/ 15110 15624
25 1,1919 1,2449 13782 15697 | 1,1919 1,2352 1,3356 |1,4619
50 1,1321 1,1664 12241 1,2499 13632 | 1,1321,-~1,1618 1,2099 1,2305 |[1,3159
10qQ0 10916 1,1145 1,522 1,1687 11,2397 | 1,09%¥6 ¥ 1,1123 1,1454 1,1596 [1,2181
25Q0 1,0570 1,007 1,0929 1,025 11,1430 | 10570 10699 1,004 1,0991 |[1,1350
50Q0 1,0400 1,0494 10646 10711 10983 }51,0400 1,0490 1,0633 1,0694 [1,0944
100p0 | 1,0281 1,0346 1,0451 1,0496 1,068\ 1,0281 1,0344 10445 10488 |1,0662
a (1-y/2) quantile of F-distribution with 2Ng numerator degrees _¢f freedom and 2Ng denominator degrees of freedom.
b (1-}/2) quantile of F-distribution with 2Ng numerator degrees of freedom and 2N denominator degrees of freedom.
NOTE For Tables 3 and 4, see [4] for otherivalues of a, B, y. However, if Ng, Ng = 15, the quantiles of F-distriljution can be
calculated using the following formula:
F(r.b,v) = €2 (22)
with
Jh+ 24 1 1 5 1 1 1
z=+4 LA - N P A— + (23)
h 2r-1 2s-1) |6 312r-1 2s-1
2
a1 (24)
+
2r—Ir 25—1
1
Ay = g[k& - 3] (25)

The values for k, shall be taken from Table 2.
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The following assignment applies:

12

Quantile r S Y
F (Ng, No, 1-0) Ns No 1-a
F (No, Ng, 1-13) No Ns 1-B
F (Ng, Ng, 1-y/2) Ns No 1-yl2
F (Ng, Ng, 1-y/2) No N 1-yl2
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