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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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ith 1ISO_also take part in the work. ISO collaborates closely with the International Flectrotechnical
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ion (IEC) on all matters of electrotechnical standardization.
nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

rnational Standards adopted by the technical committees are circulated to the mémber bodie
bn as an International Standard requires approval by at least 75 % of the member, bodies castin

nal Standard ISO 11929-2 was prepared by Technical Committee. ISO/TC 85, Nucle
hittee SC 2, Radlation protection, Working Group WG 17 (formerly WG 2);-Radioactivity measu

PO consists of the following parts, under the general title Determination of the detection limit g
for ionizing radiation measurements:

1: Fundamentals and application to counting measurements without the influence of sample tre

2: Fundamentals and application to counting measurements with the influence of sample treatn

but the influence of sample treatment

4: Fundamentals and application to measurements by use of linear scale analogue ratemeters
ence of sample treatment

of this part of ISO 11929 is for information only.
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j a vote.

ar energy,
rements.

nd decision

atment

nent

3: Fundamentals and application to counting measurements by high resolution gamma spectrometry,
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This part of ISO 11929 addresses the field of ionizing radiation measurements in which events (in particular pulses) on
samples are counted after treating them (e.g. aliquotation, solution, enrichment, separation). It considers, besides the
random character of radioactive decay and of pulse counting, all other influences arising from sample treatment, (e.g.
weighing, enrichment, calibration or the instability of the test setup).

In general, i
kinds of mix

It is assume
tribution. If 1
errors, the

statistical vg

It is also as
and that thej

This part of
ISO 11932:
radioactive
documents.

The other
consideratig
applied (e.d

[ can be assumed that the results of such measurements follow a mixture of Poisson distribution
tures of Poisson distributions are negative binominal distributions [1, 3, 8].

d part of ISO 11929 that the results from counting of samples and blanks follow a negative bino
he influence of sample treatment and instability of the device is small in comparison.to statistical
results may be Poisson distributed. In this case, ISO 11929-1 can be applied)for specificati
lues as long as the dispersion test [2] indicates that the Poisson distribution cannet be rejected.

sumed that the duration of measurement is small compared to the half-lifeef the radionuclides ¢
instrument dead time losses are negligible.

ISO 11929 was prepared in parallel with other International Standards prepared by WG 2 (now
1996, Activity measurements of solid materials considered~fer recycling, re-use or disposa
waste, and ISO 11929-1, ISO 11929-3 and ISO 11929-4 and\is, consequently, complementary

parts of ISO 11929 deal with counting measuremients which do not take sample treatn
n, analogue pulse rate-measurement, and specifi¢, problems which occur when this part of ISO
. in the case of spectrometric measurements ar.continuous monitoring of radioactivity effluents)

5. Special

minal dis-
counting
bn of the

oncerned

WG 17):
as non-
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nent into
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3 Term

For the p

nce of sample treatment

e

of ISO 11929 specifies suitable statistical values which allow an assessment of the detection c
hdiation measurements with the influence of sample treatment. For this plrpose, statistical methg
the following two statistical values characterizing given probabilities ofierror.

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

D whether a measuring method defined in this patt.of ISO 11929 satisfies certain requirem
equently suitable for the given purpose of measurement.

ving normative document contains provisions which, through reference in this text, constitute g
wever, parties to agreementsibased on this part of ISO 11929 are encouraged to investigate th
g the most recent edition-of-the normative document indicated below. For undated reference
the normative document referred to applies. Members of ISO and IEC maintain registers of cU
nal Standards.

C/IFCC/ISO/IURAC/IUPAP/OIML Guide to the Expression of Uncertainty in Measurement. Gene

s and.definitions

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

hpabilities in
ds are used

robability of

ith a given
to be made
ents and is

rovisions of

pf ISO 11929. For dated references, subsequent amendments to, or revisions of, such publications do not

e possibility
5, the latest
rrently valid

va 1993.

3.1
measurin

g method

combination of a specific sample treatment procedure and the use of a measuring instrument for counting measure-
ments under given conditions

3.2

decision threshold
critical value of a statistical test for the decision between the null hypothesis ps=pg and the alternative
hypothesis pg > pg.
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NOTE It should be the value Ry which, when exceeded by the determined value R,, is taken to indicate that the null
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

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 between the hypothe-
sis ps = pg and the alternative hypothesis ps > pg and having the following characteristic: if in reality p, = p, the
probability of wrongly not rejecting the hypothesis pgs = pg (error of second kind) shall be at most equal to a value 8
which is fixed prior to commencement of the measurement

NOTE The difference between using the decision threshold and using the detection limit is that measured valueg are to be
compared with the decision threshold while the detection limit is to be compared with the guideline value.

34
confidence |nterval
interval incliiding the true value of py, in at least (1 — y) x 100 % of all cases

35

sample
whole amoynt or an aliquot of an inactive material, the content of radioactive nuclides of which has to be determined
by ionizing fadiation measurement after treatment

3.6

blank
aliquot of an inactive material with properties similar to the sample, Wwhich will be treated and measured in the same
way as the sample

3.7
background effect
measured gounting rate from the blank and radiation from external sources and radionuclides in the dectgctor and
shielding

3.8
gross effect
measured dounting rate from the sample(sample contribution) and the background radiation

3.9
net effect
(sample comtribution) gross effeet-minus the background effect

3.10
guideline value
value consfjtuted byaequirements on measuring procedures arising for scientific, legal or other reasons \hich are
specified, fqr example; as activity, activity concentration, dose rate, etc.

NOTE Ifinecessary, a calibration factor can be determined using a radioactive reference standard.



https://standardsiso.com/api/?name=55667d0269ffccdc3a53b4621cb60663

2:2000(E)

duration of

©1SO ISO 11929-

4 Symbols

No Number of measured blanks

Nm Number of measured spiked blanks

Ns Number of measured samples

Ny Number of external background measurings using a LSC cocktail with the same amount of demineralized water
added instead of strontium solution in the device

No; N{imber of pulses counted with the 1-th blank

Nmi Npimber of pulses counted with the i-th spiked blank

Ns;  Npimber of pulses counted with the i-th sample

Nyi  Nbimber of pulses counted during the i-th run of external background measuremgntiusing a LSC tocktail with
the same amount of demineralized water added instead of strontium solution

to Duration of the measurement with a blank

ts Dtrration of the measurement with a sample

tm Dtration of the measurement with a spiked blank

ty Dtration of the measurement with neither a blank nor a sample in the device

Ro;  Background effect: counting rate with a blank, quotient'ef the pulses Ny counted during the preselegted duration
offmeasurement to and the duration of measurementiy: Ry j= No i/to

Rsi  Gfoss effect counting rate, quotient of the aumber of pulses counted during the preselected
measurement ts and the duration of measurement ts: Rs j= Ng i/ts

Rmi Cpunting rate with a spiked blank, quotient of the number of pulses counted during the preselected duration of
measurement t,, and the duration of measurement ty,: Ry, j = Ny iftm

Ryi  External background radiation.counting rate using a LSC cocktail with the same amount of deminergalized water
added instead of strontium solution, quotient of the number of pulses counted during the preselectedl duration of
measurement t, and the 'duration of measurement t;: R, j = Ny i/t

Ry Meanofall Ry

R Mpanof all Ry

Rn  Mean ofall Ry

R, Meamof all R ;

R R-R-R&

ol Expectation value of all Ry ;

Ps Expectation value of all R ;

Pm Expectation value of all Ry

Pu Expectation value of all R, ;

Pn Expectation value of all Ry, ;

R, Decision threshold for the net counting rate R, (see Tables 1 and 2)
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Detection limit for the expectation value of the net counting rate R, (see Tables 1 and 2)
Variance of all Ry

Variance of all R ;

when the null hypothesis is true

hypothesis ps > pg when the null hypothesis is false

©1SO

Error of the first kind; the probability of rejecting the null hypothesis ps = pg for the alternative hypothesis pg > pg

Error of the second kind; the probability of accepting the null hypothesis ps = pg against the alternative

1-y Conf

7] Relal

k1 -
Ki - 8
K -y12)

t _qf Qua

5 Statisti

5.1 Princi
5.1.1 Gend

The definitig
variances o
urement eq
because us
ted by the R
special exp
given meas

5.1.2 Modg

If device in
blank is the

The numbe
ting):

NS: Nc

idence level of the confidence interval for p,, (see Tables 1 and 2)

tive standard deviation of the error due to the influence of the sample treatment and of the device

[] Quantiles of the standard normal distribution (see Table 3)
Hl

htiles of the t-distribution for degree of freedom f (see Table 4)

cal values and confidence interval

Dles
ral aspects

n of the statistical values for decision threshald, detection limit and confidence interval are bas
f the measured results. They are a combination of the variations caused by counting statistig
Lipment instability and sample treatment.. Measurement equipment instability normally can be
Lially it is small in comparison to the other influences. The contribution of counting statistics can b

nstability

bd on the
S, meas-
neglected
b calcula-

oisson formula. The parameter describing the contribution of the sample treatment can be detefmined by

priments with spiked blanks, by, experimental experience or with reduced quality by the variang
ired results.

h

stabilities are neglected, the following model can be applied. The number of pulses, Ny, count
sum of background-radiation (external sources and detector noise) and matrix radiation.

of pulses; Ns; counted with a sample is the sum of background, matrix and sample radiation (|

+Nj

es of the

ed with a

net coun-

1)

It is assumed that, for constant radioactive emission, the numbers of pulses counted are Poisson distributed. In this
case, the expectations of the counting rates Ry and R are pg and ps = pg + pn, respectively.

The variances of Ry and R are pgltg and pg/ts, respectively.

In a more general case than the previous one, it can be assumed that the sampling error (and errors caused by sample
treatment) related to the sum (pg + pp) is a random variable and its relative standard deviation is 6. The expectations
of Ry and Rg are not modified but the variances of them become

var(Ro)
var(Rs)

= polto + (po — pu)?62 and var (ﬁ) = 1/nolpolto + (po — pu)?262]

= pslts + (ps — pu)?62 and var (E) = 1ng[ps/ts + (ps — pu)267]

)
3
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The net counting rate R, = (Rs — Rg) has the expectation p, and the variance

var(R ) = var(Ry) + var(Rs) 4)

In this case, pg and pg are unknown parameters; the measured values Ry, R can be taken as estimates and 6 can be
obtained separate measurements.

5.1.3 Determination of parameter 6

The parameter 82 = 0 is assumed to be well known, if it is determined using a line of at least ny, > 20 spiked blanks.
The activity added to the blank for spiking should be high enough to make the variance of counting statistics small in

comparisprrtotheexpected-variance of samptetreatment 6 cambecatcutated-using-this formuoter—

3 (Ros - )
=1
Nm —5/8

21 1
(ﬁ‘ﬁu)z

()

D
MOOEOo0
|
3”|$|
Mmoooooo

If the reslilt is negative, take 82 =0.
pu should be determined with very high precision.

It is assumed, that 6 is the same for a spiked blank and a sample.

5.2 Degision threshold

The decigion threshold shall refer to the value Rf, which, whén exceeded by a measured mean net countir|g rate R,, is
taken to ihdicate that a sample contribution exists. Otherise, it shall be assumed in each case that there is no sample
contributipn.

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

If 6is kngwn the decision threshold is-given by

R = k- oy/var(R, =0) (6)

where k1|, is a factor given‘in Table 3.

Formulag for calculation of the decision threshold are given in Table 1 (if 6 is known) and in Tahle 2 (if 0 is
unknown), respectively.

53 Deqection limit

The detection limit shall refer to the smallest expectation of the net counting rate p for which a wrong decision
occurs with the probability 3 (if the decision rule as specified in 5.2 is applied) that there is no sample contribution
but only a background effect (error of the second kind).

To check whether a measuring procedure is suitable for the purpose of measurement, the detection limit shall be
compared with a specified guideline value (e.g. specified requirements on the sensitivity of the measuring procedure
for scientific, legal or other reasons).
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So, if 8is known and with o and j3, the detection limit is

pn =

Ry +k-pyvar(R, = ot )

=ky-gyvar(R, =0) + k_ g var( R = g )

and if var(R, = 0) = var(R,, > 0)

p*h:

ki—q + ki - g)yvar(R, =0)

©1SO

()

8

C)

Ifa=fasr
O =1

where k; _ 4

Formulae for calculation of the detection limit under different conditions are given in~Table 1 (if 6 is know|

Table 2 (if €

5.4 Configdence interval

Formulae fg

6 Applica
6.1 Speci

The error p

measuring fimes shall be chosen such that the"detection limit is below the guideline value.

NOTE If
Ri* Keay)

6.2 Asses

The decisio
shall be ma

This may b
empirically
assessmen

bcommended in ISO 11929-1, the detection limit is
Rh

, k1 _p are factors given in Table 3.

is unknown), respectively.

tion of this part of ISO 11929 (see annexA)
ied values

obabilities ¢, B and the confidence level, 1'="y shall be specified in advance. Frequently cited v
D,025. The number of blanks and samples shall be chosen as great as is reasonably achiev

a =B =y/2 are chosen and ifvar(R,) varies just a little with R,, one obtains for R, = R¥ the confiden
ar( I%) , that is the interval (0.-jo%). This choice avoids a discontinuity in the expression of results.

sment of a measuting procedure

h as to whether'a)measuring method (3.1) satisfies certain requirements with respect to the dete]
e by compating the detection limit which has been determined with the specified guideline value

b carried-out either in advance, for the assessment of an intended measuring method on the bg
Hetermined value for the background effect or a separate measurement, or else in retrosped

(10)

n) and in

r calculation of the confidence interval are given in Table 1 (if 684s known) and in Table 2 (if 6is unknown).

Alues are
hble. The

Ce interval

ction limit
see 5.3).

isis of an
t, for the

of-a measurement already carried out on the basis of the blank results then available.

The detection limit may be calculated by means of the formulae in 5.3 or in Table 1 (if 6 is known) or in Table 2 (if 6 is
unknown), respectively.

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

NOTE

Under certain circumstances, a measuring procedure may be suitable for the purpose of measurement, for example,

by preselecting a greater duration of measurement or a higher number of pulses, by reducing the background effect, or by
increasing sample quantity or chemical enrichment.
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6.3 Assessment of measured results

The decision threshold may be calculated by means of the formulae in Table 1 (if 6 is known) and in Table 2 (if 6 is

unknown

A measu

), respectively.

red result shall be compared with the decision threshold thus obtained (see 5.2).

6.4 Documentation

A report on measurements in accordance with this part of ISO 11929 shall be accompanied by details on the pro-

babilities

For estaplished sample contributions, in addition to the measured value, confidence intervals--de

f arrar tha dacicionthrachold-and-tha daetactionlimit
e OtHe-ae eSOt e SHeteaRatHEe-aete ot

termined in

accordance with the equations in Table 1 (if 8 is known) and in Table 2 (if 8 is unknown), and the confidenge level shall
also be re¢ported.
Table 1 — Formulae for the calculation of statistical values if 6is khown
n
q={rss (11)
Nolp
1 1
oL+ (12)
Moty sk
S I (13)
Np Ng
N oy
Moty & nH N
C 1 + (15)
49540tk p)
q
4 16
Cs q+1 (16)
Decision threshold
0 __ __ 2
— 2 2 0 2 O
k. +26,62 —p] 0 4[1_k1— 9(‘2(%] R+ 66° B~-pu O
RﬁzlaCSclch2|Fi u|x%+l+ o el ( 2 )gg an
2[1_k1—a9 Ozcs] 0 k12—a cg[cl+20292|% —pu” 0
a a
If ng[[Pg isBig enough and 6 is small, the following simplified formula may be applied
— 01 10 o= 201 10
RE = lg_ o— + 0+6 - O—+—0 (18)
; kla\/a) (Ro - ) oo+ D

oty Nsts O
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Table 1 (continued)
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Detection limit

In the special

0 0
0 g2 0 g 0,2 [f 0
0421@3+*(2/0§‘030§)D ch——lu[4c3pg—c§c§]H
pr = 5" B, @H 1+ B " o d (19)
L
0, g2 DZ 0 2 g 6 2 2\2 tng
pos —— -1 0 C4E‘E3+rT(2/‘7o_C3C4) og
g Ns g B ] S EH
If ngdpg is ll)ig enough and 6 is small, the following simplified formula may be applied
01 10 01 10
P =lki-a +k1—;;) PoE—+ D+92(Po‘Pu)25—+—D (20)
gty  ngts O O n0O
Estimate forlpg is Ry
Confidence jnterval
Rn-—a<p, <R+ a (21)
- — — 2 — 2
Ro—-p Re—p
a=k_f/ Ro + R +62 ( U) +( u) (22)
Nty Nsts No Ng
NOTE These formulae are approximations, which are the mone exact, the greater the number tlg, or t[R,, respectively. For [the values
o= fB=1y/2=P,025, the following applies: The actual probability of‘an error of the first kind lies between 0,04 and 0,06, in the case|where the
true value of pyEM, or pglfhdy is < 10 and Ois < 0,2.
Under these donditions, the actual probability of an error 6f the second kind lies between 0,04 and 0,055 and the confidence probability is greater
than 0,94.
The range of gpplication of the given formulae is at-ifs broadest for t; = t; and ny = ng, in particular when small numbers of pulses are coynted.
With small values of ¢, B, y (e.g. < 0,01), the actual probabilities of error may deviate significantly more from the specified values. Anyone using
this part of ISQ 11929 should refer to [1] of hi$ bwn statistical studies.

Case where 0= 0, the formulae are identical to those in ISO 11929-1.
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Table 2 — Formulae for the calculation of statistical values if 6, po are unknown,
based on empirical variations
No
2 1 —\2
— o 23
0=y o1 2R~ ) (23)
Ns
2 1 —\2
S Y(Ri-R) (24)
ns -1/3
f=ng+ng—-2 (25)
Decision threshold
101 10
R: =t gt |=0—+—0O -0 +(n -1 ] (26)
o [+ 2094+ (098
Detectior] limit
0 t2 0
1-a,f [
s l=H ket U0, Os (27)
Pn El a,f 1-8 o ne o
B
Estimate$ for
o st
2|2
Os |Ss
Confidenge interval
Rta<p, <R+ a (28)
111 1
a= = —+—(n, —l%+ —1§ (29)
1-y/2),f [( b~ + (1 =) ]
vl ) \/ f [no ng ]
NOTE These formulae are approximations, which are less exact than those in Table 1. These approximations are the mpre exact, the
greater thg¢ number tlg, or tIR, respectively: Fer the values a = 3= y/2 = 0,025, the following applies: The actual probability of an error of the
first kind lies between 0,04 and 0,06 in.the*ease where the true value of pyiM, or pyhM, is < 10 and @ is < 0,2.
Under thege conditions, the actual probability of an error of the second kind lies between 0,04 and 0,055 and the confidence probability is greater
than 0,94.
The range fof application of the-given formulae is at its broadest for ty=t5 and ny=ng, in particular when small numbers of pulses are cqunted.
With smalljvalues of ¢, B,.y'(€.9. < 0,01), the actual probabilities of error may deviate significantly more from the specified values.|Anyone using
this part of[ISO 11929 should refer to [1] or his own statistical studies.
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Table 3 — Values k;_ 4, ki g, ki (4/2) @s a function of the error probabilities a B
and of the confidence level 1 — y(quantiles of normal distribution)
Error of probability Confidence level Ki— o ki—p
oor B 1-y Ki-i2)
0,158 6 0,682 1,000
0,100 0 0,800 1,282 1-w
0,0500 0,900 1,645
ﬁ \ 0.4
0,0250 0,950 1,960 &
0
0,p228 0,955 2,000 Kip Kia
0,p100 0,980 2,326
1-7
0,005 0 0,990 2,576 ¥/2 %
0,p01 4 0,997 3,000
- k1) 0 ki
0,001 0 0,998 3,090
Tjable 4 — t; _ ofand t; _ o ¢ as a function of error probability. ~ « or a confidence level 1-7y
and degree of freedom f (quantiles of t-distribution);<fer further information see [3]
1y 0,158 6 0,100 0 0,0500 0,0250 0,0228 0,0100 0,0050 0,001 4 0,001 0
f 0,682 8 0,8000 0,900 0 0,950 0 0,955 4 0,980 0 0,990 0 0,997 2 0,998 0
2 1,32 1,89 2,92 4,30 4,52 6,97 9,93 18,86 22,33
3 1,20 1,64 2,35 3,18 3,30 4,54 5,84 9,22 10,21
4 1,14 1,53 2,13 2,78 2,87 3,75 4,60 6,62 7,17
5 1,11 1,48 2,02 2,57 2,65 3,37 4,03 5,51 5,89
6 1,09 1,44 1,94 2,45 2,51 3,14 3,71 4,90 5,21
7 1,08 1,42 1,90 2,37 2,43 3,00 3,50 4,53 4,79
8 1,07 1,40 1,86 2,31 2,36 2,90 3,36 4,28 4,50
9 1,06 1,38 1,83 2,26 2,32 2,82 3,25 4,10 4,30
10 1,05 1,37 1,81 2,23 2,28 2,76 3,17 3,96 4,14
11 1,05 1,36 1,80 2,20 2,25 2,72 3,11 3,85 4,02
12 1,04 1,36 1,78 2,18 2,23 2,68 3,06 3,76 3,85
13 1,04 1,35 1,77 2,16 2,21 2,65 3,01 3,69 3,79
14 1,04 1,34 1,76 2,15 2,20 2,62 2,98 3,64 3,73
15 1,03 1,34 1,75 2,13 2,18 2,60 2,95 3,59 3,69
16 T,03 .34 T,75 212 2,17 2,58 2,92 3,54 3,65
17 1,03 1,33 1,74 2,11 2,16 2,57 2,90 3,51 3,61
18 1,03 1,33 1,73 2,10 2,15 2,55 2,88 3,48 3,58
19 1,03 1,33 1,73 2,09 2,14 2,54 2,86 3,45 3,55
20 1,03 1,33 1,73 2,09 2,13 2,53 2,85 3,42 3,53
30 1,02 1,31 1,70 2,04 2,09 2,46 2,75 3,27 3,39
40 1,01 1,30 1,68 2,02 2,06 2,42 2,70 3,20 3,31
60 1,01 1,30 1,67 2,00 2,04 2,39 2,66 3,13 3,23
80 1,01 1,29 1,66 1,99 2,03 2,37 2,64 3,10 3,20
100 1,01 1,29 1,66 1,98 2,03 2,36 2,63 3,08 3,17
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©1S0 ISO 11929-
Annex A
(informative)
Example of application of this part of ISO 11929:
Determination of strontium-90 in soil including chemical separation
A.l1 General

Strontiun}-90 should be separated from the soil by chemical treatment. The yield of the chemical separatio
be determined in advance using a Sr-85 standard added to the soil. After separation, the strontiunmselutig
mixed in
strontiumt-90 content is measured via the yttrium-90 content. The counting efficiency & should>determined
using a rpdioactive standard. The external background counting rate R, can be determined!lin advance
cocktail with the same amount of demineralized water as the strontium solution addedThe variation ¢
chemicalltreatment 6 should be determined in advance using five blank material samples spiked with Sr-9
the samg manner and measured for t;; = 30 000 s each, or otherwise determined-using the results of f

taken from the soil in question treated and measured in parallel.
NOTE In this example the following two cases are demonstrated:
Case A: |Application of this part of ISO 11929, in the case where the exterhalMbackground counting rate R, and

coefficient of sample treatment 6 are known (i.e. they are detérmined in advance by specific measu
above)

Case B: Application of this part of ISO 11929, in the case where_thevariation coefficient of sample treatment §
i.e. it is not determined in advance by specific measurements). The variance coefficient should be dete]
the results of five samples taken from the soil in question, treated and measured in parallel. In this case

packground counting rate R, will be taken from a fofmer measurement.

A.2 Case A: The Variation coefficient ef'sample treatment is known

2:2000(E)

n, n, should
n should be

a LSC cocktail. This mixture should be stored to let yttrium-90 build up to isotopic equilibrium. Then the

in advance
sing a LSC
oefficient of
0, treated in
ve samples

the variation
ements, see

is unknown
rmined using
the external

A.2.1 Data
Given:
a=B=5%;k o=k _p=16451-7y=095%; ky_(y2)=1,96
Mask of soil sample-n7=100 g (0,1 kg)
Nurrber of samples ng = 1; Number of blanks ng =1
Durations.of\measurements: t, = 600 000 s; tg = tg =t,, =30 000 s
Determingdin advance:

Yield of chemical separation of strontium-90 n = 0,57 (57 %)
Counting efficiency €= 0,51 (51 %)
Variation coefficient of chemical separation 62 =0,018 97 i.e 6=0,137 7
External background counting rate p, = R, =0,024 5 s-1
Measured:
Np = 866; Ry = 866/30 000 = 0,028 87 s-1

Ns = 1943; Rg = 1943/30 000 = 0,064 77 s-1

11
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A2.2 Cal

-2:2000(E)

culation of decision threshold

Figures, calculated using the formulae in Table 1:

c=1/1
C2=2;

c5=0,5

5000 = 6,667 x 10-°

The decision threshold R, can be calculated using equation (17), Table 1.

With Ry takgn as an estimate for pg, this will be
Ry =0,003 002 s-1
This equalsfan activity
-1
Gt = 0,003002s - 0103Bq/kg

NOTE A
G=0,079 Bq

A.2.3 Ca
Figures, cal
Cc3=2,6
cy=1,6
The detecti
With Ry as §
=0

This equals

D,51x 0,57 x 0,100 kg

5 the variance of chemical separation is not taken into account, the detection limit should be calg
/kg

culation of detection limit

Culated using the formulae in Table 1:

48 x 10-6;

45

bn limit p} can be calculated using equation (19), Table 1.
1N estimate for pg, this will be

01022 s-1

an activity of

-1
001022s - 035Bq/ kg

NOTE Al
g=0,16 Bg/}

A.2.4 Re

51x 0,57 x 0,100Kg

5 the vatiance of chemical separation is not taken into account, the detection limit should be calg
g.

SUlbhand its confidence interval

The net cou

nting rate is

R, =Ry — Ry =(0,064 77 - 0,028 87) s-1=0,035s-1

This equals

an activity of

0,035s7%

T 0,51x 0,57 x 0100 kg

12

=123Bq/kg

©1SO
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With (1 - y) = 0,95, K1 — y2) = Ko,95) = 1,96 the term a for the confidence interval can be calculated using formula

(22), Table 1, as
a=0,01147s-1

and the confidence interval is

0,024 4s-1 < p, < 0,047 4s-1

This equals activities of

0,84Butkg=A="162Burky

The result reads

A =(1,23 = 0,39) Bg/kg

A.3 Case B: The variation coefficient of sample treatment is unknown

A.3.1 Data

Given:

a=PB=5%; ki_g=ki_g=1,645;1—y=95%; ki_ (y/2)= 1,96
B (v12)

Nurber of samples taken from the soil in question ng=5

Mask of soil sample m= 100 g (0,1 kg) each

Nurmber of measurements ng=ng=5

Duration of measurements: t5 = tg = 30 000°s

Determinged in advance:

Yield of chemical separation of strentium-90 1= 0,57 (57 %)

Coupting efficiency € = 0,51+(51"%)

External background ceunting rate p, = R, = 0,024 5 s-1 taken from a former measurement

Measured:

Table A.1 — Measured numbers of pulses

Blanks Samples
No. Number of pulses No. Number of pulses
1 966 1 1832
2 676 2 2 259
3 911 3 2138
4 856 4 2320
5 676 5 1649
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