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Abstract

The work is devoted to the study of the features of generation of the intrinsic background of the measuring beta
channel of the aerosol monitor in real conditions of measuring the volumetric activity of aerosols, caused by radionuclides

of technogenic origin.

The influence of external factors on the generation of the level of the intrinsic background of the measuring channel
of the monitor and its metrological characteristics is investigated.

The reliability of the results of measurements of the volumetric activity of air aerosols substantially depends on the correct
accounting of external factors, parameters of the monitored environment and the specified operating mode of the monitor.

Aecrosol volumetric activity monitors, as a rule, operate in a continuous mode, in which the aspiration method of
aerosol accumulation is implemented, followed by measuring the volumetric activity of aerosols by alpha radiation and (or)

beta radiation generated by technogenic radionuclides.

This article describes the results of experiments on measuring the iCAM aerosol monitor’s intrinsic beta channel
background under real operating conditions, and its dependence on external factors.

The studies were carried out on iCAM aerosol monitors (iCAM/D and iCAM/MF modifications) manufactured
by Canberra Industries Inc. in a laboratory room in normal climatic conditions with a radon volumetric activity of
35£10 Bg'm? and an equivalent dose rate of gamma radiation of 0.13£0.02 uSv-h'.

In modern aerosol monitors, software and hardware solutions are implemented that allow to significantly reduce the
background level and, as a result, to expand the measurement range of the volumetric activity of aerosols towards low values.
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Introduction

The requirements for air aerosol monitors are set
out in the standards for organized gas-aerosol emis-
sions [1, 2] and for indoor air aerosols [3]. The physical
unit of measurement is the volumetric radioactivity of
air aerosols caused by technogenic radionuclides.

The volumetric activity of aerosols is determined
by a calculation method based on measuring the
activity of aerosols deposited on the filter belt over
a certain period of time and measuring the volume of
the sample from which aerosols were aspirated during
this period of time.

The volumetric activity of aerosols with naturally
occurring radionuclides, created by the decay products
of 2?Rn and ?*Tn, is subject to compensation when
measuring the volumetric activity of aerosols with
technogenic radionuclides [4].

Compensation is carried out according to a certain
algorithm that requires a large amount of calculations
in on-line mode [5].
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Modern aerosol monitors are software-measuring
systems, in which software is an important element of
the measurement procedure, affecting the reliability of
the measurement results [6].

The main factors that determine the requirements
for a measuring instrument, as well as significantly
affecting the reliability of measurement results, are:

— very low values of the established permissible
levels of intake of radionuclides through the respiratory
system [7];

— measurement of low values of the volumetric
activity of aerosols, requiring the use of the technology
of preliminary accumulation of aerosols;

— presence of aerosols with naturally occurring
radionuclides in a controlled environment;

— presence of background gamma radiation.

The intrinsic background of the measuring
channel is a significant factor limiting the metrological
capabilities of the monitor in the region of low values
of the volumetric activity of aerosols.
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The minimum detectable activity (MDA) of
the monitor in the presence of the background is
determined from the following expression [8]:

MDA( Bq)zi. .
€0, VAt
where € is the sensitivity of the measuring channel,
s“Bq; o, is the user-defined relative statistical error
of count rate, rel. un.; At is the time of measurement
of activity of aerosols accumulated on the filtering
element, s; n, is the background count rate, s’

As follows from the above expression, when
measuring a useful signal in the presence of background,
the measuring capabilities of the monitor will be
determined by the level of the intrinsic background
of the measuring channel and the given time of
measuring the activity of aerosols deposited on the
filtering element.

According to the current regulations [9, 10],
the determination of the intrinsic background of the
measuring instrument for the volumetric activity of
artificial radioactive aerosols is carried out on a clean
filter element without taking an air sample.

It is obvious that the value of the intrinsic
background of the measuring channel determined in
this way has little relation to the background level of
the measuring channel when the monitor is in the
measurement mode.

As a rule, the technical documentation for aerosol
monitors does not contain the values of the intrinsic
background. In the documentation for monitors
(radiometers, installations) of aerosols, where the
values of the intrinsic background are given, they are
no more than 1x107 s! for the alpha channel, and no
more than 7x102 s for beta channel.

The metrological capabilities of the measuring
instrument for the volumetric activity of artificial
radioactive aerosols when measuring a weak signal in

the presence of a high background level are limited by
the level and dispersion of the background [11].

The software of the iCAM monitor (iCAM/D
and iCAM/MF modifications) allows realizing various
modes of measuring the volumetric activity of aerosols.
The basic mode is for measuring the volumetric activity
of aerosols with averaging over a time interval of 3600s
at a constant sampling rate, with compensation in
the measuring beta channel of gamma radiation and
radiation from radionuclides of natural origin.

To determine the effectiveness of the background
compensation of the measuring beta channel,
measurements were performed in the “zero signal”
mode, i.e. full-scale imitation of the operating mode
of the monitor in the absence of a useful signal due
to radionuclides of technogenic origin. In this case,
the signal in the beta channel is only background and
is formed by external factors — gamma radiation and
the activity of naturally occurring radionuclides in the
taken air sample.

Compensation of gamma radiation as a component
of the background of the measuring beta channel is
carried out in a dynamic mode. For this purpose,
along with the main measuring channel of alpha
and beta radiation, an additional detector is installed
in the iCAM monitor, which registers only gamma
radiation, the signal of which is used to compensate
for this background component in the measuring beta
channel.

Initially, measurements of the intrinsic background
were carried out according to the measurement
technique described in [9]. The measurements were
performed in the beta channel of the iCAM monitor
on a clean filter without pumping air.

Fig. 1 and 2 show the synchronously measured
count rates in the measuring beta channel and in the
compensating gamma channel when simulating the
operating mode of the monitor without pumping air
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Fig. 1. The count rate of pulses in the measuring beta channel
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Fig. 2. The count rate of pulses in the compensating gamma channel
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Fig. 3. The count rate of pulses in the compensating gamma channel (a)
and the count rate of pulses in the measuring beta channel (b)
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Fig. 4. Change in the pulse count rate in the beta channel due to the accumulation of
beta-emitting radionuclides of natural origin on the filter element

through the filter element with the turned off gamma
radiation compensation mechanism.

The average value of the pulse count rate in the
measuring beta channel, due to gamma radiation, is
0.265 s' = 0.019 s! with averaging over a time interval
of 3600 s in the range from 7200 s to 10800 s.

As can be seen from the graphs shown in Fig.1
and 2, the average count rates of the detectors are
practically the same and amount to approximately
0.25s!, with a gamma radiation level in the room of
0.13 £ 0.02 uSv-h''.

The average value of the pulse count rate in the
compensating gamma channel is 0.264 s £ 0.022 s’!
with averaging over a time interval of 3600 s (from
7200 s to 10800 s).

Fig. 3 shows the simultaneous measurements of
the count rate in the compensating gamma channel and
in the measuring beta channel with the air pumping
and the activated gamma radiation compensation
mechanism. This operating mode of the monitor
corresponds to the operating mode when determining
the level of its own background according to the
verification method [9].

According to the results of statistical processing
of the experimental data shown in Fig. 3, the average
value of the count rate of background pulses in the
measuring beta channel after compensation decreases
to 2.3x102 ' £ 3.6x102 5! with averaging over a time
interval of 3600 s (from 7200 s to 10800 s).

The level of the intrinsic background of the
measuring channel, measured by the verification
method [9], is in good agreement with the values given
in technical documentation. Compensation of a part of
the background, which is caused by beta radiation of
naturally occurring radionuclides, is a more complex

procedure, which is also carried out in real-time
operation of the monitor.

The mechanism for compensating the background
generated by beta radiation of naturally occurring
radionuclides is implemented by calculating the
intensity of beta radiation from the decay products of
radon and thoron by alpha radiation spectra of ?'*Po,
218Po and 2'“Bi, ?"’Po, respectively.

Compensation of the background, which is
generated by radon and thoron progeny, is carried
out by the radiometer automatically in on-line mode
and also makes it possible to significantly reduce the
background level in the measuring beta-channel and
alpha-channel.

Fig. 4 shows the time variation of the count rate
in the measuring beta channel of the monitor operating
with the activated air pumping and with deactivated beta
radiation compensation mechanism. After turning on the
monitor in the measurement mode, the pulse count rate
in the beta channel slowly increases to a quasi-stationary
level. This level is established when equilibrium is
reached on the filtering element between the inflow
of the decay products of radon and thoron and the
radioactive decay of these radionuclides, which were
accumulated earlier during the aspiration of aerosols.

Equilibrium is reached within approximately
2hours from the moment the monitor is turned on.
The time to reach a quasi-stationary level depends on
the volumetric activity of radon in the taken air sample
and on the intensity of sampling and is not a constant
value. The graph shown in Fig. 4 was obtained at
a sampling rate of 35 I'min-' and a volumetric activity
of 2Rn in air of 30.0 £ 10 Bqgm.

As can be seen from the graph in Fig. 4, the
average value of the background counting rate of
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Fig. 5. Background of the measuring beta channel with the activated compensation of
gamma radiation and beta radiation of natural radionuclides
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Fig. 6. Volumetric activity of aerosols measured by the iCAM monitor by beta radiation,
during normal operation

the measuring beta channel of the monitor, which is
caused by the decay products of radon and thoron and
is reached two hours after the monitor is turned on,
is 51.8 s £ 0.5 s,

The compensation mechanism for the beta radia-
tion of natural radionuclides can significantly reduce
the level of intrinsic background in the measuring beta
channel of the monitor.

Fig. 5 shows the measured count rate in the beta
channel with the activated background compensation
mechanism, under conditions similar to the
measurements shown in Fig. 4.

The average background count rate in the beta
channel, when the iCAM monitor is operating in
normal mode, is 0.495 s + 0.234 s! with averaging
over the 3600 s interval from 10800 s to 14400 s.
This value of the intrinsic background of the beta
channel is an order of magnitude higher than that
measured by the verification method [9] and is shown
in Fig. 3.

The pulse count rate in the measuring beta
channel of the monitor recorded after compensations
is automatically converted into a measurable physical
quantity — the volumetric activity of aerosols with
technogenic radionuclides (Fig. 6).

The average value of the volumetric activity of
aerosols when simulating the operating mode of the

monitor with a zero useful signal is 0.014 Bgm>=*
+0.438 Bg'm™ with averaging in the interval 3600 s
from 7200 s to 10800 s.

Conclusions

Measurements of the intrinsic background of the
measurement beta channel of the aerosol monitor by
the method of simulation of the operating mode with
a zero useful signal were carried out.

It was shown that the main source of the generation
of the intrinsic background of the beta channel, when
the monitor was operating under normal conditions,
was the beta radiation of the decay products of natural
radionuclides.

The use of the compensation mechanism simul-
taneously with a significant decrease in the average
value of the background count rate in the measuring
channel leads to an increase in the signal dispersion
with respect to the initial value.

The intrinsic background values of the monitor
beta channel, measured in the operating mode
of the device, are significantly higher than the
intrinsic background level measured according to the
verification procedure [9]. Due to this circumstance,
the metrological characteristics of aerosol monitors
indicated in the operational documentation turn out
to be overestimated.
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BiaacHmii (pon OeTta-kaHaIy MOHITOpPa 00’€MHOI
AKTHMBHOCTI aepo30.iiB
A.M. KosunpeHko, O.M. Jletyunin, A.C. lNyctosuin, B.B. Cknsapos

HaujoHanbHuli Haykosul uyeHmp “lHcmumym mempornogzii”, 8yn. MupoHocuubka, 42, 61002, Xapkis, YkpaiHa
vladimir.skliarov@gmail.com

AHoTauis

PoGoty mipucBsiieHO BUBUYEHHIO 0cOOMMBOCTEN (hOpMYBaHHS BIACHOTO (hOHY BUMIpIOBAJILHOTO OeTa-KaHATy MOHITOpa
aepo30JIiB Y peaJlbHUX YMOBaX BUMipIOBaHHSI 00’€MHOI aKTUBHOCTI aepo30J1iB, 0OYMOBJIEHOI paJioOHYKJIiJaMU TEXHOT€HHOTO
TTOXO/KEHHS.

JocnipkeHo BIUIMB 30BHilIHIX (akTopiB Ha (opMyBaHHS PiBHS BJIaCHOro (hOHY BUMIpIOBAJIbHOIO KaHajly MOHiTOpa
Ta Oro MeTPOJIOTiYHI XapaKTepUCTUKHU.

HocnigxeHHsT TpoBoAuauCcS Ha MOHiTopax aeposofiiB iCAM BupobHunrTsa ¢dipmu Canberra Industries Inc.
y J1abopaTOPHOMY MPUMIIIEHHI B HOPMaJbHUX KJIIMATUYHUX YMOBax 3 00’€MHOIO aKTMBHICTIO pamoHy 35+ 10 bxm3
i TIOTYXHICTIO €KBiBaJIeHTHOI n03u ramma-surpominioBanas 0,130,022 mx3 Brom .

Y cyyacHMX MOHITOpax aepo30JIiB peasizoBaHi MPOrpaMHO-TEXHIUHI pillleHHSsI, SIKi JO3BOJISIIOTh 3HAYHO 3HU3UTU PiBEHb
¢oHy, i 9K HaCIiAOK — PO3UIMPUTH Jialla30H BUMipPIOBAaHHS O0’€MHOI aKTMBHOCTI aepo30JiiB Yy 0iK HU3bKMX 3HAYEHb.

IIpoBeneHo BUMIpIOBaHHSI BJIaCHOro (POHY BHMMIipIOBaJILHOTO OeTa-KaHajly MOHITOpa aepo30JiB METOAOM imiTallii
pobOYOTO pEeXUMY 3 HYJbOBUM KOPUCHUM CUTHAJIOM.

TTokazaHo, 1110 OCHOBHUM JiKepesioM (hOpMyBaHHS BJIacCHOToO (poHy OeTa-KaHally, Mpyu poOOTIi MOHITOpa B HOPMaJIbHUX
yMOBax, € 0eTa-BUIPOMiHIOBAaHHS MPOIYKTIB pO3Many NMPUPOAHUX PaTiOHYKIIiIdiB.

BukopucTtanHs MexaHi3My KOMITEHCALlii OTHOYACHO 3i 3HAYHUM 3HUXKEHHSIM CEPEHbOrO 3HAYEHHSI IBUIKOCTI PAXYHKY
(oHy y BUMiprOBaJIbHOMY KaHaJli PU3BOAUTH 0 301IbIICHHS TUCIIePCii CUTHATY TI0 BiIHOIIECHHIO 10 TOYaTKOBOTO 3HAYCHHS.

3HaueHHs BiacHoOro (oHy OeTa-KaHally MOHITOpa, BUMIpsiHi B poOOYOMY peXUMi Mpuiany, iCTOTHO BHUILE DPiBHS
BJIACHOTO (hOHY, BUMIPSIHOTO BiAITOBIiTHO O METOAMKM IOBipKU. TakKMM YMHOM, METPOJIOTiYHI XapaKTepUCTUKU MOHITOPiB
aepo30JIiB, 3a3HavYeHi B eKCIUIyaTalliiiHiii JOKYMEeHTallil, BUSBJSIIOTbCS 3aBUILIEHUMU.

KimouoBi ciioBa: aepo3oJii; pagioHyKJIiaW; BIacHUi (DOH; MPOAYKTU po3Many; 00’€MHa aKTUBHICTb.

CoOcTBennblii (poH OeTa-KaHajda MOHMTOPA 00bEMHOM
AKTHUBHOCTH a3P030JIei

A.M. KosbipeHko, A.H. Jletyuun, A.C. lyctoBon, B.B. Cknspos

HayuoHarnbHbIl Hay4HbIl yeHmp “Hcmumym memponoauu”, yn. MupoHocuukasi, 42, 61002, Xapbkos, YkpauHa
vladimir.skliarov@gmail.com

AnHOTAIMSA

PaGoTa mocBsiiieHa M3YyYeHUIO OCOOEHHOCTE (DOpMUPOBAHUS COOCTBEHHOro (hoHa M3MEpPUTEIbHOIro OeTa-KaHaja
MOHHTOPA a3pO30JICH B peaTbHBIX YCIOBUSX U3MEPEHUS 00bEMHOM aKTUBHOCTU a3p030Jieii, 00YCIOBICHHON paguoHYKINIAMU
TEXHOTEHHOTO MPOUCXOXKICHUS.

WccnenoBaHo BIMsSHKME BHEITHUX (DAKTOPOB Ha (pOpMHpOBaHUE YPOBHSI COOCTBEHHOTO (DOHA M3MEPUTEIHLHOIO KaHalla
MOHMTOpA U €ro METPOJOTrMYecKUe XapaKTepUCTUKH.

J1oCcTOBEpHOCTh Ppe3yJbTaTOB M3MEpPEHU OOBEMHON aKTMBHOCTU a3po30Jieil BO3myXa CYIIECTBEHHO 3aBHCUT OT
KOPPEKTHOTO ydyeTa BHEIIHMX (PaKTOPOB, MapaMeTpOB KOHTPOJIMPYEMOI Cpelbl M 3aJaHHOTO pexXuMa paboThl MOHUTODA.

MoHuTopsl 00BEMHOI aKTMBHOCTH a3po030Jiel, KaK IpaBWIO, pabOTalOT B HEMPEPBIBHOM pEXUME, TIPU KOTOPOM
peajusyeTcss acIMpallMOHHBIM METOI HAKOIUIEHWSI a’po30Jieil, ¢ IOCIeoyIOIUM H3MepeHHeM OOBeMHON aKTUBHOCTU
aspo30Jicil Mo anbha-us3IydyeHuo u (Uau) Oeta-u3aydeHUo, CO3IaBaeMOil TEXHOTeHHBIMU PaauOHYKINIAMU.

B cratbe u3n0XeHbI pe3yIbTaThl SKCIIEPUMEHTOB 110 U3MEPEHMIO COOCTBEHHOTO (hoHa GeTa-KaHaja MOHUTOPA a3po30Jieid
iCAM B peajbHBIX YCJIIOBUSX paOOThl U €ro 3aBUCUMMOCTU OT BHEIIHUX (haKTOPOB.

KioueBbie ci10Ba: aspo30iiM; paguOHYKIMIbI, COOCTBEHHBIN (DOH; MPOAYKTHI pacrnana; o0ObeMHask aKTUBHOCTb.
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