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Abstract

The paper is devoted to the estimation of the characteristic limits (statistical criteria) for the detection of small amounts
of ionizing radiation by a measuring device under conditions of a natural radioactivity background of the environment: the
decision threshold, the detection limit, the minimum detectable activity and the confidence interval. The assessment pro-
cedures were carried out in accordance with the national harmonized standard DSTU ISO 11929-3:2009.

The threshold for making a decision on the presence of 7Cs and ®°Co radionuclides in objects of the external envi-
ronment and the limit of their detection using a measuring device equipped with plastic scintillators manufactured by the
Institute of Scintillation Materials of the National Academy of Sciences of Ukraine were estimated. The influence of the
energy of the detected radiation, the dimensions of the scintillators and the geometry of the irradiation on the estimation

of the characteristic limits were investigated.
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1. Introduction

This work continues the topic [1] devoted to as-
sessing the capabilities of a measuring device equipped
with large plastic scintillators (PS) manufactured by
the Institute of Scintillation Materials of the National
Academy of Sciences of Ukraine (used in portal moni-
tors) to detect small amounts of ionizing radiation
against the background of the environment natural
radioactive background. As characteristics that ensure
the required accuracy in activity measuring by spe-
cific device are the characteristic limits of detection,
introduced by Currie in 1968 [2]. These are statisti-
cal criteria related to the recorded background level
and limiting the measuring device sensitivity: “decision
threshold”, “detection limit” and “confidence interval
limits”.

Decision-making threshold is the level of the re-
corded background (set in advance), above which it
can be assumed that the measured sample or the en-
vironment contains some radionuclide. The criterion
allows deciding on the presence of a physical effect
and the need for measuring procedures. The detec-
tion limit indicates what the smallest true value of the
measured quantity can be detected with a 95% pro-
bability using a given measuring device. That is, the
criterion characterizes the minimum detectable acti-
vity (MDA) value of a particular device. Confidence
limits include an interval containing the true value of
the measured quantity with a probability of 95%. The
ISO 11929-3:2000 standard [3] was developed on the
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base of Currie formulas. The harmonized DSTU ISO
11929-3:2009 [4] is in force in Ukraine. The correct
definition of the limitation characteristics is necessary
for making decisions on national and international
regulations concerning permitted levels of radioacti-
vity in environmental objects [5].

In the previous work, the various factors influence
on the statistical and systematic uncertainties of mea-
surement of the radionuclides detection limit (MDA)
of a measuring device with PS was estimated.

The aim of this work is to obtain the same fac-
tors influence estimates on the statistical uncertainty of
measuring the decision threshold and the confidence
interval limits.

2. Evaluation of statistical criteria according to DSTU
ISO 11929-3:2009

The procedure for estimating characteristic limits
is based on the use of statistical methods for testing
classical hypotheses [6] about the 1% and 2™ kind er-
rors. It is assumed that the Poisson distribution of the
impulses appearance probability can be approximated
by a Gaussian distribution.

Under this assumption, the decision threshold is
the value R; that, if the average measured net (minus
the background) pulse count rate R is exceeded, it is
used as a sign of the activity presence in the object
under study. With this definition R, a false alarm
(assuming the presence of a contribution from the
object, in the presence the background only) occurs
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Fig. 1. Decision threshold and detection limit [7]

»
>

Counting rate, R,

with probability a (error of the 1 kind — accepting
background fluctuations as a useful signal).

The detection limit p, is defined by [1] as the
minimum value of the net pulse rate counting ma-
thematical expectation p,. With this definition p:,
false negation (the assumed absence of the object’s
contribution, but the presence of only the background),
happens with probability 8 (error of the 2™ kind —
the transmission signal, which is taken as background
fluctuation).

Fig. 1 [7] presents the zero level of activity (back-
ground) and the levels of the decision threshold and
the detection limit with indication of 1% and 2™ kind
errors.

The numerical values of the decision threshold
and the detection limit were calculated from simplified
expressions (1) and (2):

Y ﬂ 1
R =(k_g) pt (1

* 2
Py = (kg Thy_p) % )

where: kl—a+kl»[3 — quantiles of the standard normal
distribution equal to 1.96 at a confidence level of
P =0.95; a and B — probabilities of errors of the 1
or 2" kind occurrence, equal to 0.025 at P, = 0.95; R,
is the background rate of the studied PS, in counts/
sec; p, — mathematical expectation of R, in counts/
sec; f is the exposure time.

Since the statistical variations in the measured
value (pulse count rate or activity) are distributed ac-
cording to the normal law and are symmetric about
the most probable value, the confidence-probability
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Fig. 2. Confidence interval for the probability P, = 0.95 [8]

interval for a 95% probability has the form shown in
Fig. 2.

The numerical values of the confidence interval
limits for P, were calculated by the formula (3):

Rs RO Rs RO
Rn—kl_y/ﬂ 7+7£pn SR"+k1—y/2' T‘f‘T, (3)

where: R_is the total counting rate of pulses from the
studied PS; klfv ,» — the quantile of the standard nor-
mal distribution, equal to 1.96 at a confidence level
of P, = 0.95.

3. Experiment

A general view of scintillators for portal monitors
based on PS, a detailed description of the equipment
and excitation circuit, as well as the justification for
the choice of the indicated distances to the source and
exposure time for calculations (¢ = 1s) are given in [9].
The sources of gamma radiation ¥’Cs (A=99kBq) and
“Co (A=32.3 kBq) were used. In the energy range of
20—2000 keV, the values of the total pulse count rate
R_from the PS and the background count rate R, were
determined at a distance to the source #=10cm and
h=50cm. Based on the data obtained, the values of
the net counting rate R , the sensitivity coefficients of
the setup 1, the decision threshold R, and the detec-
tion limit p* were calculated. The confidence interval
for p, was also estimated.

4. Results and discussion

The obtained results of the characteristic limits
characterizing the measuring device capabilities esti-
mates are shown in Table 1. For comparison, the same

Table 1
Indicators of characteristic limits and MDA of PS
h=10cm h=50cm

VO]}’ T;I'léc- fzs’ fo’ n, Rn’ Pu MDA, (i;)?f fs’ n, Rn’ Pas MDA, Cljz?f
cm ide | c/sec |c/sec . | cfsec -
c/sxkBq|¢/sec kBq c/sec | kBq o/sec c/sxkBq|c¢ /sec kBq c/sec| kBq c/sec

7500 37Cs| 4845 | 554 | 43.3 |65.2(1.51(130.5| 3.01 |£144.0| 1042 | 4.9 [65.2(13.2/130.5| 26.4 | +78.3
OCo | 4422 | 554 | 119.8 [65.2(0.54]130.5| 1.08 [+£138.3| 1026 | 14.6 |65.2|4.5(130.5| 8.9 | +77.9
19500 3Cs| 5484 | 872 | 47.2 |81.9(1.73|163.7| 3.47 |£156.3| 1552 | 6.9 |[81.9[11.9|163.7| 23.8 | +96.5
0Co | 5572 | 872 | 145.0 [81.9(0.56]163.7| 1.13 [£157.3| 1602 | 22.8 |81.9|3.6 [163.7| 7.2 | £97.5
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table shows the MDA values obtained by applying the
calibration coefficient 1 to the detection limit.

Table 1 shows that the threshold for making a de-
cision on the presence of ’Cs radionuclide in the en-
vironment is 65-82 c¢/sec (1.5—1.7 kBq) at A=10cm
and 65—82 c/sec (13—12 kBq) at A=50cm, for mea-
surements with the studied PS. For the ®Co nuclide,
this criterion is 65—82 c¢/sec (0.5—0.6 kBq) at z=10cm
and 65—82 c¢/sec (4.5-3.6 kBq) at A=50cm. The
values in c/sec of the radionuclides detection limit by
the measuring device for similar conditions are two
times higher than the decision threshold values. The
equivalent values, in kBq, (MDA) are for *’Cs — 3.0—
3.5 kBq at ~=10cm and 26.4—23.8 kBq at A=50cm.
For %°Co this criterion is 1.1—1.3 kBq at #=10cm and
8.9—7.2 kBq at ~=50cm.

5. Conclusions
It was found that the main factor influencing the
value of the characteristic limits that determine the

measuring device sensitivity is the environment back-
ground. The investigated measuring setup with a PS
with a volume of 7500 cm?® and 12500 cm?, under
natural background conditions, allows us to assume
the presence of ""Cs in objects at a registration level
of 1.5—13.2 kBq for distances of 10—50cm, and the
presence of ®Co at a registration level of 0.5—8.9 kBq.

It has been shown that with a probability of 95 % one
can declare the presence of “’Cs or ®Co in environmental
objects at registration levels 2 times higher than the above.

It is shown that the confidence interval of the
mathematical expectation of the 'Cs or ®Co net
counting rate is R *138—157 c/sec at a distance of
10cm and R £78-98 c/sec at a distance of 50cm.

It was found that an increase in the PS volume
practically does not give a gain in the results of mea-
suring the characteristic limits, since an increase in
the sensitivity coefficient (due to an increased counting
rate) is leveled out by a simultaneous increase in the
background counting rate.

CraTtucTuyHi KpuTtepii 00OMeKeHHS BUMIPIOBAHHA
AKTUBHOCTI PaJiOHYKJILJIB ILJIACTMACOBUMM
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AHorauisa

PobGoty mpucBsueHO OIiHIOBAaHHIO XapaKTepPHUX MeX (CTAaTUCTUYHUX KPUTEPiiB) BUSIBICHHS BUMipIOBAJILHOIO yCTa-

HOBKOIO MaJIMX KiJIbKOCTEH i0Hi3yl0WOro BUIIPOMIHIOBaHHSI B YMOBaX MPUPOIHOTO PalioaKTUBHOTO (hOHY HABKOJUIITHBOTO
cepenoBuIla: mopora NpuiHATTS piteHHs (decision threshold), mexi BusiBneHHs (detection limit), MiHiMaIbHOI 1€ TEKTOBAHOI
aKTHMBHOCTI Ta JOBipYO-HMOBipHicHOTO iHTepBasly (confidence interval). [Ipouenypu ouiHIOBaHHS MPOBOAWIMCS BiIIIOBIZHO
0 HalioHaJIbHOro rapmonizoBaHoro cranmapty JCTY ISO 11929-3:2009.

[TpoBeneHO O1liHKM TOpora MPUNAHSATTS PilIEHHS PO MPUCYTHICTh B 00’ €KTaX 30BHIILIHBOTO CEPENOBUIIA PATiOHYKIIi/iB
7Cs i “Co Ta MexXi X BUSABJIEHHS 3 BUKOPUCTAHHSIM BUMipIOBaIbHOI YCTAHOBKM, OCHAILIEHOI MJIACTMACOBUMU CLIMHTUIISATOPA-
MU, 10 BUMYCKAIOThCSI [HCTUTYTOM CUMHTWISILIMHMX MaTepianiB HamioHanbHOT akaneMii HaykK YkpaiHu. JLociiikeHO BIUIMB
eHeprii peecTpOBaHOIO BUIIPOMIHIOBAHHSI, PO3MipiB CUMHTUJISATOPIB Ta reOMETPii ONMPOMIHEHHST Ha OLIIHKY XapaKTEPHUX MEX.

OuiHOBaIMCI XapaKTepHi MeXi BUSIBIEHHS IpM 3MiHi po3mipy cumHtmiasropa Bim 500x300x50 mm (7500 cm®) mo
500x500x50 MM (12500 cm?), 3MiHi eHeprii peecTtpoBaHoro BumpoMiHioBaHHs Bim 662 xeB (1*7Cs) mo 1332 keB (*°Co) ta
3MiHi BiICTaHi BiJl CLIMHTUJISATOpA 10 ramma-mxkepena Bim 10 mo 50 cm. BuMmiproBaHHS YMCTOI IBUAKOCTI paxyHKY iMITYJIbCiB
Ta (HDOHOBOI MIBUAKOCTI CLHUHTWIATOPIB MpoBoawiucs B iHTepBati eHepriii 20—2000 keB.

[MokazaHo, 110 OCHOBHMM YWHHWKOM, SIKUI BIUIMBA€ HA BEIUYMHY XapaKTePHUX MeEX, 110 BU3HAYAIOTh YYTJIUBIiCTh
BUMIpIOBaJIbHOI YCTAHOBKM, € (hOH HABKOJMIITHLOTO cepenoBuIa. ToMy 3HaUeHHS XapaKTepHUX MeX, B iMIT/C, He 3ajieXaTh
BiJl 3MiHU peecTpOBaHOI €HepTii Ta BilCTaHi 10 TaMMa-Kepesa, aje 3Jerka 3ajexarb Bill po3Mipy CLHUHTUISATOpA. 3HAUYEHHS
rmopora MPUAHSTTS PillieHHsT ISl Pi3HUX PO3MIpiB CLMHTUJISTOPIB CTAHOBISATh 65—82 iMr/c. 3HaueHHS MeXi BUSIBJICHHS
B nBa pasu Buie — 130,5—163,7 imm/c.

KmodoBi clioBa: CUMHTUIISITOP; MOPIr yXBaJeHHs pillIEHHS; MeXa BMSIBJICHHSI, JOBIpYMii iHTepBaj; MiHiMaJlbHa AETEK-
TOBaHA AKTHBHICTb.
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AHHOTaIMA

PaGoTa mocBsileHa OLIEHUBAHUIO XapaKTEPHBIX MPEAEIOB (CTATUCTUYECKUX KPUTEPUEB) OOHAPYKEHUSI U3MEPUTEbHO
YCTAaHOBKOW MaJIbIX KOJIMYECTB MOHU3UPYIOIIETO M3TydeHUs B YCIOBUSIX €CTECTBEHHOTO PaIMOaKTMBHOTO (hoHA OKpYXKaio-
el cpenpl: mopora NpuHATHS peimieHus (decision threshold), mpenena o6HapyxkeHust (detection limit), MUHUMATBHOM
NIETEKTUPYEMOIl aKTUBHOCTU U JOBEPUTEbHO-BEPOSITHOCTHOTO MHTepBasia (confidence interval). [Tpouenypbl olieHUBaHUS
MPOBOAMJIMNCH B COOTBETCTBUM C HAIIMOHAJIbHBIM rapMoHu3upoBaHHbIM cTaHmaptoM JCTY ISO 11929-3:2009.

TIpoBeieHbI OLIGHKU MOpOTa MPUHSTHS PELICHUS] O MPUCYTCTBMM B OOBEKTAaX BHELIHEN cpeabl pamroHykiumoB 'Y7Cs
n ®°Co u mpenmena ux o6GHAPYKEHUsI C MCIOIb30BAHNEM M3MEPUTENLHON YCTAHOBKHM, OCHAIIIEHHOW TIACTMACCOBBIMU CIIMH-
TUJUIATOPAMHU, BBITTyCKaeMbIMU MHCTUTYTOM CUMHTWUISIIIMOHHBIX MaTepuanoB HalmoHanbHOU akaneMuu HayK YKpauHBI.
HccnenoBaHo BAMSIHUE SHEPIMM PETUCTPUPYEMOTO U3JIYy4YeHMS, Pa3MEpOB CLUMHTWLISITOPOB U T€OMETPUU OOJIyYeHMsI Ha
OIICHKY XapaKTePHbIX MPEIesIOB.

KiroueBbie cioBa: CUMHTWUISITOP; TTOPOT TPUHSITUS PELIeHUs; TIpefesl 0OHapYKeHWsI; TOBEPUTETbHBIN WHTepBAT; MU-

HUMaJIbHasd OCTCKTUpYyEMasd aKTUBHOCTD.
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