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Experience of using the portable gamma spectrometer MKS
AT6101D for in situ measurements of the density of *’Cs soil
contamination in the Bryansk region of Russia
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Saint-Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaeyv, Federal Service
for Surveillance on Consumer Rights Protection and Human Wellbeing, Saint-Petersburg, Russia

We have tested applicability of the commercially available portable spectrometer-dosimeter MKS
AT6101D (the manufacturer: ATOMTEX, Belarus) to measure the density of **’Cs soil contamination (inven-
tory of "’Cs in soil) in situ. The study was performed in 2015—2020 at the territories of the Bryansk region
of Russia contaminated due to the Chernobyl accident. The in situ measurements were performed in the
17 ground plots (7 grasslands and 10 kitchengargens) for which the 3’Cs inventory and the mean migration
depth of the radionuclide in soil was available from laboratory (ex situ) measurements of soil samples. It was
found that the in situ data obtained with the method that was provided by the manufacturer of the instrument
required additional correction on the vertical distribution of **’Cs in the soil. The correction procedure was
developed; in 2020—2021, it has been successfully tested in 114 kitchengarden plots located at the settlements
in the zones of radioactive contamination in the Bryansk region.
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OnbiT npumeHeHns nopratmeHoro ramma-cnektpomerpa MKC AT610114
AN U3MepPeHus in situ NAOTHOCTV 3arpsa3HeHnsa No4sbl Lye3nem-137
B bpsaHckoi obnactn Poccun

B.I1. Pam3aes, A.H. bapkoBckuii

Cankr-IleTepOyprckuit HaydHO-UCCIENOBATETLCKUI MHCTUTYT palualiMOHHON TUTUEHBI UMEeHU TIpodeccopa
I1.B. Pam3aeBa, ®enepanbHas ciyxkOa Mo Ham30py B cepe 3alIUTH IIpaB IMTOTPEOUTENICH U OJIarOTIOyIHST
yenoBeka, CaHkT-IletepOypr, Poccust

Hamu 6vina nposepena npumeHUMocmy cepuiino 8bInycKaemozo noaeo2o NePeHOCH020 CHeKmpoMempa-
dosumempa MKC AT6101/] (npoussooumens ATOMTEX, beaapycs) 041 uzmeperus in situ naomHocmu
3aepsaznenus nougot ’Cs. Heenedosanus nposodunu 6 2015—2020 ee. na meppumopuu bpsncikoii o6nacmu
Poccuu, 3aepsaznennoil 6 pezynomame asapuu na Yeproodoirvckoit ADC. Hzmepenus in situ Obiau 8b1n0AHEHbL
Ha 17 ynacmrax (7 ayeo6 u 10 020podos), 045 Komopsix 3Hauenus naomuocmu 3aepsasieruss ’Cs u cpeouss
enyouHa muepayuu paduorykauda 6 nouee Oblau U3eecmHubsl U3 1a60pamopHbix (ex Situ) usmepeHuil npoo
nouewl. BolACHUAOCH, YO HAMypHble 0aHHble, NOAYHeHHble N0 MemoduKe, NpedoCmAasAeHHOI NPoUu3goo0ume-
Aem npubopa, 6 psde cayuaes mpebyrom 0OnoAHUMEAbHOU NONPABKU HA 6epmuKanvioe pacnpeoenerue '3’Cs
6 nouse. Memood koppexuuu 6via pazpaboman u ¢ 2020—2021 ee. ycnewro anpoouposar Ha 114 npuycadeo-
HbIX 020POOHBIX YHACMKAX, PACHONONCEHHbIX 8 HACENEHHbIX NYHKMAX 30Hbl PAOUOAKMUBHO20 3A2PA3HEHUs
Bpsanckoti obaacmu.

KiroueBble Cli0Ba: in Siti, 2amMma-cneKmpoMempus, no4ea, nAomHocmy 3aepsasuenus, ’'Cs, eepugpuxa-
Yust, KOPPeKuus.
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PaanauyvoHHbie n3amepeHunsa

Introduction

Field (in situ) gamma spectrometry is a common method
for determining the density of soil contamination (Bg/m?) by
technogenic gamma-emitting radionuclides [1-3]. The meth-
od can be used in practice as an element of the operational
assessment of the radiation environment. In particular, it is
applicable for a fast mapping of the contaminant distribution
over vast territories [4-7]. Unlike the ex situ method, which
includes collection of soil samples and their gamma spectro-
metric analysis in the laboratory [8], the in situ method allows
obtaining data on the density of soil contamination by a radio-
nuclide (or the radionuclide inventory) in the upper 20-30 cm
soil layer directly in the field.

Significant disadvantages of the in situ method are diffi-
culties with its metrological certification and the absence of
generally recognized reference radioactive sources compa-
rable with the IAEA certified reference radioactive materials
that are intended for comparative ex situ measurements [9,
10]. In this regard, individual researchers or research groups
use various land plots to verify measurement methods and/
or conduct comparisons in situ. For such plots, the content
and/or distribution of radionuclides in the soil are known from
results of ex situ measurements [6, 11-14].

One of the commercially available serial devices with a
built-in option for measuring the '*’Cs soil contamination
density (A.,) in situ is the field portable gamma spectrome-
ter-dosimeter MKS AT6101D (ATOMTEX, Belarus). The mea-
surement range is 4-3700 kBg/m?. Results of measurement
(including a value of the statistical uncertainty) can be seen
on the display of the control unit immediately after the mea-
surement is completed. The basic function for A, measure-
ment is also available in the modern modification of the MKS
AT6101DR instrument (https://www.atomtex.com). Note that
the A, quantity is still not related to the metrologically cer-
tified characteristics of this class of measuring instruments
[13] and, accordingly, the A, measurement results need to
be verified and, if necessary, corrected.

The aim of this study was to verify results of measurements
of the A, value obtained using the MKS AT6101D device in
situ (A, xowrex) UNder conditions of radioactive contamina-
tion after the Chernobyl accident. Since devices of the MKS
AT6101 series are quite widely used by different research
groups [16-21], we expect that results of the verification of
one of the built-in basic characteristics of the instrument will
be useful not only to us, but also to other researchers.

Materials and methods

The mainseriesof A._,...mneasurementswas performed
in 17 open land plots (7 meadows and 10 kitchengardens) in
the period 2015-2020 during complex expedition surveys
[14, 22] of the zones of the Chernobyl radioactive contamina-
tion of the Bryansk region of Russia. As part of these surveys,
a field gamma spectrum was measured at each site, and the
peak area count rate for the 662 keV photons (PAR,,, pps)
from '¥’Cs-"3""Ba was determined [14, 22]. In addition, soil
samples (layer by layer) were collected in each of these plots,
and the density of soil contamination with ¥Cs (A___ ... kBa/
m?) and the average depth of '*”Cs migration in the soil (Z, g/
cm?) were obtained with ex situ analyses [14, 22].

The Z value was calculated using the formula:

BeepeHve

Monesas (in situ) ramma-cnekTpoMeTpus ABASETCS JocTa-
TOYHO PACMPOCTPAHEHHbIM METOLOM OMPEAEeSiEHNs MIOTHO-
CTW 3arpsi3HEHNs Mo4yBbl (BK/M?) TEXHOrEHHBIMU ramma-u3any-
vatowmmn pagmoHyknvgamm [1-3]. 9T0T meTod MoxeT ObiTb
MCMOJIb30BaH Ha NPaKTUKE KaK 3NIEMEHT ONePaTUBHON OLLEHKN
paavauroHHON 06CTaHOBKM. B 4acTHOCTW, OH MPUMEHUM ansi
ObICTPOro NOCTPOEHUS KapT pacnpeneneHns 3arpsa3HeHns Ha
06LLMPHBIX TeppuTopUsx [4-7]. B otnmume oT MeToda ex Situ,
BKJIOYAIOLLEro 0TOOP NPO6 NOYBLI U X raMMa-CrekTPOMEeTpu-
yeckuin aHanu3 B nabopatopuu [8], meTon, in situ no3BonseT
nosy4atb AaHHbIE O MIOTHOCTM 3arPSA3HEHNS NMOYBbI PAJMOHY-
KIMAaoOM (Unu 3anace pagnoHyknnaa) B BepxHeM 20-30-caH-
TUMETPOBOM CJI0€ HEMOCPEACTBEHHO HA MECTE MO OKOHYaHWUN
namepeHns. CyLLeCTBEHHbIMY HeJocTaTkaMu MeToaa in situ
ABNAIOTCS 3aTPYOHEHMS C ero METPOSIOrM4eckon artTectaum-
el N OTCYTCTBME OBLLENPU3HAHHBIX PedEPEHTHBLIX paamoak-
TUBHbIX MCTOYHWMKOB, CPaBHUMBIX C CEPTUPULMPOBAHHBIMU
pedepeHTHbIMM  PaaMOaKTUBHBIMU MaTepuanamu MATATS,
KOTOpblE MPeAHA3HAYeHbl A1 CPABHUTENbHbLIX U3MEPEHUN
ex situ [9, 10]. B aT0I CBSA3M OTAENbHbIE UCCNEOOBATENN N
ncenenoBaTenbCkne rpynnbl UCNONb3YIT AN Bepudukaumm
METOA0B M3MEPEHUN W/UNN MNPOBEAEHUS CANYEHWUIA in Situ
pasinyHble 3EMASHLIE YHaCTKM, S KOTOPbIX MO pe3ynsratam
M3MEPEHNn ex Situ N3BECTHbI CoaepXXaHne 1u/unu pacnpeae-
JieHVe paanoHykIMaoB B noyse [6, 11-14].

OOHYM 13 KOMMEPYECKM OOCTYMHbIX CEPUIHbIX NpUbo-
POB, VIMEIOLLMX BCTPOEHHYIO OMNUMIO U3MEPEHUS MIOTHOCTU
sarpsaHeHns noysel '¥'Cs (A,) in situ, aBnsaeTcs nopratvs-
Hbl ramma-cnekTpomeTp gosumetp MKC AT6101[, dunpmbl
ATOMTEX (Benapycb). [AnanasoH M3MepeHuin cocTaBnsieT
4-3700 kBk/m?. Pe3ynbTaThl (BKJIIOHAs BEJIMHUHY CTATUCTU-
YeCcKOl HeonpeneneHHOCTN) MOryT ObiTb BbiIBEAEHbI HA AMN-
cnneli 6noka ynpassieHnst HENMOCPEACTBEHHO MO OKOHYaHWN
nsmepeHus. basosas GyHKUMsS nsmepeHus A, rmeetca u
B COBpPEMeHHoV mMoamdukaumm npmubopa MKC AT61014P
(https://www.atomtex.com). OTMETUM, 4YTO BenumnHa A 10
CUXOP HE OTHOCUTCS K METPOJSIOrMYECKM aTTECTOBAHHBIM Xa-
pakTepUCTMKaM SAHHOMO Kflacca U3MePUTENbHbIX MPUOGOPOB
[15], n cooTBETCTBEHHO, PE3YNbLTATLl USMEPEHUI A HYXAa-
l0TCA B BEpUDUKALLML 1, NPY HEOBXOAMMOCTU, B KOPPEKLMN.

Lenb uccnepoBaHua - Bepudukaums pesynbTatoB
M3MEPEHNIN BENNYMHBbI A o noslydyeHHon ¢ nomoubio MKC
AT61011, (A, xromrex) B YCIIOBUSX PAAMOAKTUBHO 3arpsiaHe-
HUsi nocne YepHoObinbckol aBapun. Tak kak Mprubopbl cepumn
MKC AT6101/[, oCTaTO4HO LUIMPOKO UCMOMb3YIOT PasHble 1C-
cnepoarenbckue rpynnbl [16—-21], Mbl paccunTbiBAEM HA TO,
4YTO pedynbTaTbl 3TOM Bepubukaumm 0OHOM M3 BCTPOEHHbIX
6a30BbIX XapakTepucTUK Npubopa ByayT NoNe3HbI HE TOJIbKO
HaMm, HO 1 APYrMM NCCEeA0oBaTENSM.

Ma‘repmanbl N metToabl

OcHoBHas cepust BEPUMUKALMOHHBIX U3MEPEHNA A, oo
Oblna npoeeneHa Ha 17 OTKPbITbIX 3eMASHbIX y4acTkax (7 ue-
NINHHBIX NyroB 1 10 KyNbTYBMPYEMBIX OrOpPOOB) B NMEPUOL,
2015-2020 rr. BO BpemMsi KOMMEKCHbIX 3KCNEeANLMNOHHBIX
obcnenoBaHuin [14, 22] 30H 4epPHOOBITLCKOrO 3arpsi3HeEHNs
Tepputopun BpsaHckoin obnactn Poccun. B pamkax aTux
o6cnenoBaHnii Ha BCEX ydacTkax Obliv M3MEPEHbI NoseBbIe
ramma-CcrnekTpbl 1 OnpeaeneHa CKOPoCTb CHETA B NUKE MOJ-
HOrO MOrNOLEHNS NEPBUYHBIX POTOHOB C 3Hepruen 662 kaB

PagyauviorHasa rurvieHa  Tom 17 Ne 1, 2024

87



Radiation measurements

Z=2Z xq +Zxq,....*Z xq,, (1)

where Z (g/cm?) is the centre of the i-th layer in the soil
profile and g, is the portion (dimensionless) of A in the
i-th layer.

An additional series of verification measurements of A__
womex Was performed at the territory of 46 settlements in the
Bryansk region in 2020-2021. Totally, 114 private plots of ar-
able land (kitchengardens) were surveyed in the settlements.
The officially established average value of A (A, ) was
known for each settlement. It ranged from 27 to 630 kBg/m?in
the period of the survey [23]. For 92 of the 114 plots, the plot
specific values of A (A, ;,» kBa/m?) were determined [23]
using another in situ method (BUF-method) that had been val-
idated earlier [14, 24].

To perform the A, ,.o.mex Measurements, the detector of
the MKS AT6101D instrument was placed on an aluminum tri-
pod. The distance between the Nal(Tl) crystal and the soil sur-
face was 1 m. The duration of a measurement was sufficient to
ensure that the statistical uncertainty in the determination of
A, ronmex did not exceed 5% (95% probability).

Statistical processing of the results was performed us-
ing EXCEL for Windows and an on-line free access platform
(https://www.socscistatistics.com).

Cs-ex situ

Results and discussion

A summary of data on the '*Cs inventories determined in
Situ (A, gommex) @Nd ex situ (A, . ,,) @and the ratio of A ,omex
to A, ..., for the 17 land plots are provided in Table 1; it also
contains results of calculations of Z and PAR,.

The values of A, ., varied from 69 to 1300 kBg/m?,
accordingly to [14, 22]. All values fall into the range of
4-3700 kBg/m?, in which reliable results on the A__ determi-
nation in situ can be obtained accordingly to the ATOMTEX
specification (https://www.atomtex.com).

The correlation between A, . and A, valueswas
positive, strong and highly statistically significant (Spearman’s
coefficient, Rsp, =0.970, P<0.001). Figure 1 illustrates the re-

lationship. However, the absolute A ., Values were on av-

Summary statistics on the inventory of '*’Cs in soil (A.,) determined in situ with the ATOMTEX method (A,

soil samples (A, to A

Cs-ex situ

), ratio of A

Cs-in situ Cs-ex situ

oT "¥'Cs-"¥""Ba (PAR,,, mn/c) [14, 22]. Kpome Toro, Ha aTux
yyacTtkax go rmyouHbl 20 cMm 6blIv NOCOMHO 0TOOPaHbI MPO-
Obl MOYBLI M MO pe3y/bTaTam nabopaTopHbIX NCCen0BaHWA
MoJslydeHbl JaHHble O MJIOTHOCTM 3arpsisHeHust nousbl ¥’Cs
(Agq exsin KBK/M?) 1 cpeaHeit ry6uHe murpaunn ¥Cs B nodse
(Z,r/cm?) [14, 22].

BennunHy Z Bblumcnsnu no hpopmyne:

Z=7Zxq 2, xQq,....*Z xq,, (1)

rae Z (r/cm?) — rmybuHa LeHTpa i-ro cnos B npodune no-
4Bbl; g, — Aons (6espasmepHas BennymHa) A, . o Bi-M CJloe.

JononHutensHas cepust BepUOUKAUMOHHBLIX U3MEPEHUI
A o Oblna npoBenieHa Ha 114 npuycaneGHbIX OropoaHbIX
y4aCTKax, PACnoNOXeHHbIX B 46 HaceneHHbIX nyHkTax (HIM) 30HbI
pafvoakTUBHOMO 3arpsisHeHns BpsiHckoi obnactu. Jns kaxao-
ro HIM 66110 13BECTHO OduMUMaNbHO YCTAHOBIEHHOE cpedHee
3Ha4eHve NIOTHOCTY 3arpsidHenns noussl ''Cs (A, ). B ne-
puog obcnefoBaHNs OHO HAXo0AMIOCh B Ananas3oHe oT 27 oo
630 kBk/m? [23]. Ana 92 u3 114 nnoLagok MHanBuayanbHoe
aHauenne A, (A, e KBK/M?) ObiNo onpeneneHo in situ [23]
C 1Ccnonb3oBaHnem gpyroro metona (BUF-meToa), koTopblii
Obln BannamMpoBaH paHee [14, 24].

Ana nposeneHns nsMepeHun A, .o, IETEKTOP Npreo-
pa MKC AT6101/ pa3amewanu kpuctannom Nal(Tl) BHU3 Ha
QNIOMVHMEBOM TPEHOXHMKE Ha BbICOTE 1 M HaJ MOBEPXHO-
CTbl0 NOYBbI. [TPOJOMKMTENBHOCTE N3MEPEHUIA Bbina gocTa-
TOYHa ANl TOro, 4T06bl CTAaTUCTMYECKAs HEONPEAENEHHOCTb
namepeHuns A, .. He npesbiwana 5% (95% BeposTHOCT).

Cratnctnyeckylo 06paboTky pesynsTaToB MPOBOAMUAN
¢ nomotubto EXCEL for Windows n on-line nnatdopmsbl cBO-
6onHoro goctyna (https://www.socscistatistics.com).

Pesynbratbl n 06cyxpaeHne

CBoJKa JaHHbIX N0 NIOTHOCTM 3arpa3HeHus novsbl '¥'Cs,
onpeaeneHHon in situ (A, ,oum) VI €X Situ (A, ..), @ TaKke
oTHoweHne A, o KA ovrex MPeACTaBneHb! B Tabnuue 1.
Pesynbratel pacueToB Z n uamepeHuii PAR ., Takxe AaHbi
B Tabnuue 1.

Mo naHHbIM [14, 22], 3Ha4eHus A BapbupoBanu ot

Cs-ex situ

Table 1

cs.aromrex) @nd ex situ with

, the mean migration depth of '*’Cs in soil determined ex situ (Z), and the count

rate in the 662 keV peak (PAR,,,) for the 17 open land plots surveyed in the Bryansk region in 2015-2020

CeopHas cTaTUCTMKA NO NIOTHOCTY 3arpsisHeHns no4esbl '*’Cs (A, ), onpeaeneHHoii in situ metopom ATOMTEX (A

no npo6am noyebl (Agq.cxsity)s COOTHOWIEHME A . - "

[Tabnvua 1

CS-ATOMTEX) v exsitu

A, . 2 CPEAHAA TNYOMHaA MUrpaumm '*’Cs B nouse, onpeaeneHHas ex situ

(Z), n ckopocTb cueTa UMNYNbCOB B Nuke 662 k3B (PAR,) Ansi 17 OTKPbITbIX 3€MISIHBIX Y4aCTKOB, 06Cei0BaHHbIX B BpsiHCKOA
o6nactu B 2015-2020 rr.]

A, (kBq/m? [KBK/M?])

Parameter [MapameTp] ATOMTEX o Acoxomed Aceersts 2 (@/cm?[r/em?])*  PAR, (pps [umn/c])*
Minimum [Munnmym] 23 69 0.28 2.2 14
Maximum [Makcrmym] 1400 1300 1.19 15.6 800
Median [MenwnaHal] 185 546 0.35 14.4 95
Mean [CpenHss] 390 541 0.58 10.5 216
S.d. [c.0.] 401 381 0.34 5.6 228
CV,% [KB,%] 103 70 59 53 105

* —according to [14, 22]. [* — no aaHHbIM [14, 22].]

SD - standard deviation [C.0. — cTaHgapTHOe oTknoHeHwne]; CV — coefficient of variation (%) [KB - koadduumeHT Bapraumm (%)].
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PaanauyvoHHbie n3amepeHunsa
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Fig. 1. The comparison between the inventory of *’Cs in soil
measured in situ with the ATOMTEX method (A ,oure) @nd the
inventory of '¥’Cs in soil derived ex situ using soil samples (A, ...)
for open ground plots surveyed in the Bryansk region in 2015-2020
[Puc. 1. CpaBHeHME NNOTHOCTM 3arpsi3HEHNS NMOYBHI
137Cs, namepeHHoii in situ metonom ATOMTEX (A, ourex)s
1 NIOTHOCTYM 3arpsA3HeHus noyssl '*’Cs, onpeaeneHHom ex situ
C UCMONb30BaHNEM 00Pa3LLoB NoUBsl (A, . . ) ANIS OTKPbITLIX
3eMJIsIHbIX Y4acTKOB, 06CNef0BaHHbIX B BpsHCcKoM 06nactu
B 2015-2020 rr.]

erage lower by a factor of 1.7 (range 0.84-3.6) compared to
the A, .., values.

To find the reason for the discrepancy between the ab-
solute results of the in situ and ex situ measurements at the
17 surveyed sites, we decided to study the relationship be-
tween: 1) the A /A ratio and Z; 2) A and
PAR

Cs-ex situ/ © "Cs-ATOMTEX Cs-ATOMTEX

662"
14

1.2 1 .

y = 1.3770.09x
R2=0.976
n=17

1.0 A

0.8 A

0.6

ACs-ATOMTEXI ACs-ex-eitu

0.4 -

0.2

0.0 T T

0 2 4 6 8 10 12 14 16
Z (g/cm?2[ricm?])

Fig. 2. The relationship between the mean migration depth of *’Cs
in soil (Z) and the ratio of inventory of '*’Cs in soil determined ex
situ using soil samples (A, ..,) [14, 22] to inventory of '¥'Cs in soil
determined in situ with the ATOMTEX method (A ,oure) fOr ground
plots surveyed in the Bryansk region in 2015-2020
[Puc. 2. CooTHOLIEHME MexXay cpefHen rmybuHoi murpauun ¥'Cs
B rnoyse (Z) n oTHoweHveM 3anaca '*’Cs B no4Be, ONpefesieHHOro ex
situ ¢ ucnonb3osaHem 06pasLos noussl (A, . ) [14, 22], k 3anacy
87Cs B noyBe, onpeneneHHoMy in situ ¢ nomoulbio metoga ATOMTEX
(A, ) ANS 3eMNISHbIX y4acTKoB, 06CcnenoBaHHbIX B BpsiHCcKow
obnactn B 2015-2020 rr.]

Cs-ATOMTEX

69 no 1300 kbk/m?. Bce 3HaveHus nonagaioT B AvanasoH
4-3700 kBk/M?, B KOTOPOM MOTYT ObiTb MOy4eHbl HAAEXHbIE
pesynbTathl Mo onpeaeneHunto A, in situ B COOTBETCTBUU CO
cneumndukaumen ATOMTEX (https://www.atomtex.com).

Koppensaumsa mexmay aHayeHnamm A ex situ v in situ Geina
NOSIOXUTENBbHOW, CUSIBHON WM BbICOKO CTAaTUCTUHECKM 3Ha-
ynumon (koadpduumeHT Cnmpmena, Rsp, = 0,970, P<0,001).
PucyHok 1 (neeas naHenb) aNKCTPUPYET 3Ty CBA3b. BmecTte
C TeMm, abCoMOTHbIE 3HaYeHnsa A, - Oblin B CpeaHem
B 1,7 pasa Huxe (ananasoH 0,84-3,6), yuem 3HadeHna A, . .

YtoObl HalTV MPUYMHY PacxXoXaeHus mexay abco-
TIOTHBIMW pe3yribTatamn 13MepeHnin A, in situ v ex situ Ha
17 o6cnenoBaHHbIX NOLWAAKaX, Mbl PELUWAM U3YYUTb B3a-
MMOCBA3b Mexay: 1) cooTHoweHnem A, . /A nZ,
2) ACs-ATOMTEX n PARGGZ' Me)K‘D'y OTHOLLUEHNEM ACs-ex situ/ACs-ATOMTEX
1 Z 6bina o6HapyXeHa NONOXUTENbHAS U CUbHAa Koppens-
ums (FiSp =0,817, P<0,001). PucyHok 2 nnnoctpupyeT B3a-
MMOCB$I3b MEXAY ABYMSI NEPEMEHHBIMU. ITO COOTHOLLEHME
MOXET ObITb XOPOLLUO annpoKCYMMPOBAHO 3KCMOHEHLManb-
Hol dyHKuMen (koadduumeHT aetepMmmHaummn R? = 0,876).
JInHMs annpokcuMaumm nokasbiBaeT, HTO COOTHOLLIEHNE OKO-
no 1:1 mexay A . o YV Ace sromrex COOTBETCTBYET AnanasoHy
3-4r/cm? ans BenuynHbl Z. MNMpu 3HaveHusx Z meHee 3 r/cm?
meTo ATOMTEX 3aBbilaeT CTUHHYIO MIIOTHOCTb 3arpsi3He-
Hua ¥7Cs, a npu 3Ha4eHusx Z Boille 4 r/cm? HabntogaeTcs 3a-
HuxeHne A ... bbina BbisiBfieHa No0X1TeIbHas 1 BbICOKO CTa-
TUCTMHECKU 3HaUMMas koppenauma mexay A, oo nPAR
(RSp =0,995, P <0,001). OTa no4tn naeanbHasa NMMHeHas 3a-
BMCUMOCTb MeXAy ABYMSI MePEeMEHHbIMU NMPOUIIOCTPUPO-
BaHa Ha PUCYHKe 3.

MpoBeneHHbIN aHanM3 rokasbiBaeT, Y4TO 3HaueHue A,
onpeneneHHoe metoaoM ATOMTEX, npsaiMo nponopLyoHarib-
HO CBSI3aHO CO CKOPOCTbIO cyeTa B nuke 662 kaB, koTopas
ABNSETCA NPUOOPHBIM OTPAXEHMEM MIOTHOCTM NoToka Go-
TOHOB C 3Heprven 662 kaB B BO3aoyxe B MECTE U3MEPEHUS.
OueBngHo, 4to metog ATOMTEX He yunTbiBaeT BECbMa Bbl-
PaXeHHYI0 N3MEHYMBOCTb MyOVHBI MUrpaummn '¥’Cs B nouse.
Onuus, npeanoxeHHas npoussoauTenem npubopa MKC
AT6101[, MOXeT ObITb HaNPAMYO NPUMEHeHa Ans npensa-
PUTENbHOW OLEHKM A TONIbKO MPY CpeaHei rmybrHe Murpa-
unn ¥’Cs (Z), Haxogsuweicsa B ananasoHe 3—4 r/cm?. Takoe
CpaBHUTENBHO HEDONbLLOE 3arnybieHe NCTOYHKKA U3yYe-
HWSI B MOYBE B HACTOSILLIEE BPEMS MOXHO BCTPETUTb B HEKOTO-
pbIX CAy4asix B lecax U Ha LEeNnHHbIX nyrax [22, 24]. B 1o xe
BPEMS$I HalM pacyeThbl MOKa3biBaIOT, YTO OTHOLWEHWEe A, . /
Aq srommex XOPOLLIO KOPPEMPYET CO CpeaHew ryGuHON Mu-
rpaumm '¥’Cs B noyse. 3To NO3BONSET HAM NPEAJIOXUTb MPO-
ueaypy Koppekumy 3Hadenna A. oo Ang 6onee TOYHO
OLLeHKM GaKTU4ECKOro 3Ha4eHns A .

Ons  nonyyeHWss  CKOPPEKTUPOBAHHOIO  3HAYEHUS
Accsromtex. MOXHO — UCMONB30BATh  COOTHOLUEHME  Mex.y
nZ(cm. puc. 2):

A / CF,, (2)

Cs-ATOMTEX

Cs-ATOMTEX

Cs-ATOMTEX

A

Cs-ex situ!

Cs-ATOMTEX-cor

TA€ Ao srommexcer — PaKTVHECKMIA 3amac '¥'Cs B BEPXHMX
20 cm nouBbl (KBK/M?); A roumex — VIBMEPEHHOE NPrBopoM
MKC AT6101D aHaueHve A, (KBk/Mm?); CF, — amMnmprdeckunii
nonpaBoYHbIN KOIPPUUNEHT (6e3pa3mMepHbIit).

MonpaBoyHbIi KoadduumeHT CF, paccuuTbiBaeTca Mo
aMnupuyeckor dopmyne (CM. puc. 2):

CF,=K xe®2, (3)
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A positive and strong correlation (RSp =0.817, P<0.001)
was found betweenthe A.__ . /A.. . ourex Fatio and Z. Figure 2
illustrates the comparison between two variables. This rela-
tionship can be well approximated by an exponential function
(coefficient of determination R? = 0.876). The approximation
line indicates that the 1:1 ratio between A, . and A, ..
is in the range of 3-4 g/cm? for Z value. At the Z values lower
than 3 g/cm?, the ATOMTEX method overestimates the true
¥7Cs inventory, while at the Z values higher than 4 g/cm?, an
underestimation of A__is observed. A positive and highly sta-
tistically significant correlation was determined between A
womrex @nd PAR, (F{sp =0.995, P < 0.001). The nearly linear
relationship between two variables is illustrated in Figure 3.
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Fig. 3. The relationship between count rate in the 662 keV peak
(PAR,,,) [14, 22] and inventory of '¥Cs in soil determined in situ with
the ATOMTEX method (A ,oure) fOF the ground plots that were
surveyed in the Bryansk region in 2015-2020
[Puc. 3. B3aumocsa3b Mexay CKOPOCTbIO cHeTa B nuke 662 kaB
(PARg,,) [14, 22] n 3anacom '¥Cs B nouse, onpeaeneHHbIM in situ
meToaoM ATOMTEX (A oure) A1 3EMIISIHBIX YHACTKOB, KOTOPbIE
Obiny ob6cnenoBaHbl B bpsaHckon obnactu B 2015-2020 rr]

The performed analysis shows that the A value deter-
mined in situ with the ATOMTEX method is directly propor-
tional to the count rate in the 662 keV peak that is the de-
vice reflection of the 662 keV photon fluence rate in the air
at the place of measurement. The ATOMTEX method does
not consider the migration depth of *’Cs in the soil. The op-
tion provided by the manufacturer of the MKS AT6101D de-
vice can be applied for a preliminary estimation of A__ only
when the mean migration depth of '¥’Cs (Z) is in the range of
3-4 g/cm?. Such a relatively shallow bedding of the radiation
source in the soil can currently be found only in forests and
virgin meadows [22, 24]. At the same time, our calculations
show, thatthe A .. /A.. sourex Fati0 correlates well with the
mean migration depth of '*’Cs in the soil (Z value). It allows
us to propose a correction procedure to more accurately es-
timate the actual A _ value.

To obtain corrected value of A
tween A

csaromrex: L€ relationship be-

co-ex sitn! Posarouex "ati0 @and Z (Fig. 2) can be employed:
/ CF,, (2)

ACs»ATOMTEX—cor - ACs-ATOMTEX

where A, oureceor 1S the actual inventory of '¥’Cs in the top
20 cm of soil (kBq/m?); A, o 1S the MKS AT6101D mea-
sured value of A, (kBq/m?); CF, is the empirical correction
factor (dimensionless).

roe K — amnmpuyeckunin KoapduumneHT (6e3pasmMepHblit);
Z - cpenHsia rnybuHa murpaummn *’Cs B noyse (r/cm?); D — am-
nupuyecknii KoapdULMEHT (CM?/T).

OMNMPUYECKM BbiIBEAEHHbIE 3HA4YeHNs K n D COCTaBnsioT
1,37 n 0,096 cm?/r cooTBeTCTBEHHO. OTMETUM, YTO 3T YUC-
JIEHHbIE BENVYVMHbI CNPaBeanuBbl A5 3HAYEHWU Z, Haxoas-
LMXcs B AnanasoHe 2—16 r/cm>?.

Mpepnaraemas npouenypa koppekuun TpebyeT onpe-
OeNeHHbIX 3HaHU 0 BepTuKanbHOM pacnpeneneHun '¥’Cs
B no4yBe. TeOPETUYECKN OnpeneneHe BepTUKabHOro pac-
npeneneHns PagnoHyKInaa, BbiNoIHEHHOE MO HEOONbLLOMY
KOJIMYECTBY PENPE3EHTATUBHbIX MPOO NMOYBbLI HA KOHKPETHOM
yyacTtke (Mnm B nokaummn), MoXeT ObiTb OCHOBOI 415 nocre-
AIOLLEro AeTanbHOro M3MePEeHUs 1 koppekumn A, .o Ha
BCen Tepputopun. Npun 3TOM, KOHEYHO, crneayeT 0O0CHOBaH-
HO mpeanonaratb, 4TO U3MEHYMBOCTb BEPTUKANbHOrO pac-
npeneneHns paavoHyKInaa B NoyYBe Ha BbiIOpaHHOM yqacTke
(B nokaLmun) HeBENMKA.

Oropog, (npuycanebHblil y4acToK KynbTUBMPYEMOIN 3eM-
nn) 9BNSIeTCA TOW NoKauMen, rae B OTAaNeHHbI nepunog no-
cne aBapuu Ha YepHobbuibckot ADC MOXHO 0BHapPYXWTb
OTHOCUTENbHO HEebOoMbLIYID BaprabenbHOCTb 3HaYeHus Z.
B yacTHOCTM, No pe3ynsTatam obcnenoBaHuns 52 npuycaneob-
HbIX y4acTkoB B bpsiHckoli obnactu Poccun B 1996-2003 rr.
[25] koaddUUMEHT BapmaLmm BEANYNHBI Z MOXHO NMPUHSATb
pasHbiM 13% (cpeaHee 3HayeHne Z = 15,7 r/cm?, cTaHOapT-
HOe OTKJIOHeHue = 2,1r/cm?). MNoaToMy Ha BTOPOM aTane
BEPUDUKALMOHHBIX USMEPEHNIA Mbl PELLMIN MPOBEPUTbL Npa-
BUIbHOCTb NPEAN0XEHHONM NPOLEAYPbl KOPPEKUMN 3HAYEHU
A sronmex Ha Nokaumm «Oropogy. Kak 6biio ykasaHo Bbilue,
Bcero B 46 HIM o6cnenosaHo 114 npuycanebHbiX OropoaHbiX
Y4aCTKOB. 3HAYeHUs Z, BbIYUCNIEHHbIE HA OCHOBE AaHHbIX MO
BepTukanbHoMy pacnpeneneruio '¥’Cs B nouse Ha 10 penpe-
3EeHTaTMBHBIX ONPOOOBAHHbLIX y4acTkoB [14], konebanocb OT
13,2 oo 15,7 r/cm? (cpegHee + cTaHOAPTHOE OTK/IOHEHWEe =
14,9+0,7 r/cm?, coipas Mmacca noussbl). OTcloga cpeaHee 3Ha-
yeHne nonpaso4HOro koadpopuumerta CF, MOXHO paccym-
Tatb no dopmyne (3) cneayolimm 06pasom: 1,37xg 009149 =
0,33.

Pesynbtatel usmepennin A, .o Ha 114 y4actkax B co-
MOCTaBJIEHNM CO 3HAYEHUAMU A MPVUBEAEHbI Ha PUCYHKE 4
(nanenb a) n B Tabnuue 2. Kak BUOHO U3 pucyHka 4, A, o
" A, XOPOLLO KOPPENupytoT ApYr C APYrom (RSp = 0,890;
P <0,001). BmecTe ¢ TeM, okasanoch, YT0 3Ha4eHus A, 13-
MepeHHble ¢ nomotubio MKC AT6101/[, B cpeaHem Obinn B
3 pasa Hmxe odMLMaNbHO YCTAHOBNEHHbIX 3HAYEHUIA MOT-
HocTW 3arpsisHeHuns '*’Cs nousbl Tepputopun HI. Mocne
NpYMeHeHns  koppekTupylollero koasdduumerta (CF, =
0,33), koTopbIii OblN BbIBEAEH BbiLLE, CPEAHEE COOTHOLLEHME
Ao srommed Pes.or MPMOBIMBUNOCKE K 1 (CM. purc. 4 (naHesb b) n
Tabn. 2). BecbMa 3amMeTHble OTKJIOHEHMS (10 3 pa3) ckoppek-
TUPOBAHHBIX 3HAYEHWIA A 0\ HA OTAE/bHbIX y4acTkax oT
CpenHero 3HayeHus ACS_Oﬁ, yctaHoBneHHoro ansa HI, B mn3-
BECTHOWN Mepe 00bACHAIOTCS HEPABHOMEPHOCTbIO M3HaYasb-
HbIX BbinageHuin ¥Cs no nnowaau HM. Mo gaHHbiM M.1O.
Oprnosa 1 ap. [26], pasdbpoc 3HaueHun A, Mexay OTAesbHbI-
MU nnoLwaakaMm otoopa npob noyBbl B Npefenax OfHoro 1
Toro xe HIM moxeTt gocturate 10 1 6onee pas. B 31O CBA-
31 NPeACTaBAseT MHTEPEC NPOAHANM3NPOBATb Pe3ynbTaThbl
HAMBMAYaNbHOrO obcnenoBaHms 92 oropoaHbIX y4acTKOB,
rae namepeHns A, Gbisin NpOBeAEeHb! OAHOBPEMEHHO C UG-
nonb3oBaHnem metoga ATOMTEX n BUF-metopa (puc. 5,
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The correction factor, CF,, is calculated using the empiri-
cal formula (Fig. 2):

CF,=Kxe™®?, (3)

where K is the empirical coefficient (dimensionless); Z is
the mean migration depth of *’Cs in soil (g/cm?); D is the em-
pirical coefficient (cm?/g).

The empirically derived values for K and D are 1.37 and
0.096 cm?/g, respectively. Note that these numerical values
are valid for Z values in the range of 2-16 g/cm?2.

The proposed correction procedure requires certain
knowledge about vertical distribution of '*’Cs in the soil.
Theoretically, determining the vertical distribution of the radio-
nuclide from a limited number of representative soil samples
in a particular area (location) of the radiological survey may
be the basis for subsequent detailed measurement and cor-
rection of A __,.o.umex throughout the whole area. In this case, of
course, it should be reasonably assumed that a variability of
the vertical distribution of the radionuclide in the soil profile in
the selected area is small.

Kitchengarden (a private plot of arable land) is the loca-
tion where one can find a relatively narrow variability between
individual plots with respect of Z in the remote period after the
Chernobyl accident. Specifically, according to the results of
a survey of 52 kitchengarden plots in the Bryansk region of
Russia in 1996-2003 [25], a coefficient of variation of Z can
be calculated as 13% (mean = 15.7 g/cm?, standard deviation
= 2.1 g/cm?). Therefore, at the second stage of the verifica-
tion measurements, we decided to check the validity of the
proposed correction procedure for A values at the lo-
cation “kitchengarden”.

As mentioned above, a total of 114 kitchengarden plots
were surveyed in 46 settlements. The Z values, that were cal-
culated from data on the vertical distribution of '*"Cs in soil
for 10 representative sampled sites [14], ranged from 13.2 to
15.7 g/cm? (mean * standard deviation = 14.9 £ 0.7 g/cm?,
wet weight of soil). From here, the average value of the cor-
rection factor, CF,, can be calculated using formula (3) as fol-
lows: 1.37xg0-09%149 = ( 33,

Results of measurements A, ... N the 114 sites,
in comparison with the A___ values, are shown in Figure 4
(panel a) and in Table 2. As can be seen from Figure 4, A
xomrex @nd Ag,  correlate well with each other (Rg, = 0.890;
P<0.001). At the same time, it turned out that the A__ values
measured with the MKS AT6101D were, on average, lower
by a factor of 3 compared to the officially established values
for the density of '*’Cs contamination of the soil at the terri-
tory of the settlements. After applying the Z correction factor
derived above (CF, = 0.33), the average A oured/Ace.or MatI0
approached 1:1 (see Fig. 4 (panel b) and Table 2). Quite no-
ticeable deviations (up to a factor of 3) of the corrected A
wowre Values from the average A, . value in some plots are
to a certain extent explained by the unevenness of the initial
87Cs fallout over the area of settlements. According to Orlov
et al. [26], more than 10-fold differences between individual
soil sampling sites in the A values can be found within the
same settlement. In this regard, it is of interest to analyze the
results of an individual survey of 92 garden plots, where A
measurements were performed simultaneously using the
ATOMTEX-method and the BUF-method (Fig. 5, Table 3). The

A xomrex@nd A results were more strongly correlated with

Cs-ATOMTEX

Cs-BUF

Tabn. 3). Mokasarenn A o Y Acegur 00IEE CUIIBHO KOP-
penupoBann Oopyr ¢ Apyrom (RSp = 0,938), no cpaBHeHWIO
¢ napont A omrexAcsor (Rsp = 0,890), a koapPuuMeHT Ba-
pvauyn ons oTHoweHna A, o /A o - (22%) Bbin, Hanpo-
TVB, CYLLECTBEHHO MeHblUEe, Yem TakoBon (40%) ons napebl
A srommexPes.onr OBHAKO B CPEAHEM Pe3ysibTaThl USMEePEeHui
A, c ucnonszoearvem metoaa ATOMTEX okasanucb cub-
HO 3aHMXeHHbIMY (B 3 pasa) No OTHOLLEHMWIO K pedynbraram,
noJsly4eHHbIM ¢ nomoLubio BUF-meToga. NpumeHeHne npea-
NOXEHHOW npoueaypbl koppekuu KA. .o Becbma Mo-
Ka3aTeNbHO UCMNPaBUIO CUTyaumto (CM. puc. 5), n cpegHee
COOTHOWEHME A, ovrexco’ Pes.aur MPUOINBNNOCH K eAnHLE
(cMm. Tabn. 3, KonoHka 6). 3ameTHOe OTKJIOHEHME HEKOTOPbIX
TOYeK OT OTHOLWeEeHMs 1:1 MOXET ObITb CBA3AHO C MCMOMb30-
BaHMEM CpedHero 3HavyeHusa Z ans nojyyeHuns ACS_ATOMTEX_mrHa
Bcex 92 yd4acTkax, B TO BPEMS Kak 3HaYeHna A . - Oblin Bbl-
BEAEHbl MO 3HAYEHNSAM Z, PACCUYUTAHHBIMU AN KaXA0ro OT-
OEenbHO B3ATOro yyactka [23].

3akno4eHve

MNpoBeneHHOE CPaBHUTENBHOE NCCeN0BAaHNE BbISIBUNIO
CYLLECTBEHHbIE OrpPaHNYeHUs1 B MPUMEHEHUN Npeanarae-
Mol paspaboTynkom npudopa MKC AT6101/[, onumm onpe-
AeneHns NIOTHOCTY 3arpasHeHns noussl '¥'Cs (A ) in situ.
lMonyyeHre KOPPEKTHbIX 3HAYEHWIA A, C 1CMOb30BAHEM
3TOW ONUUKN BO3MOXHO TOMbKO B TOM Clly4ae, eCnv CpeaHss
rny6uHa MUrpaLumn pagmMoHyknuaa B noyse (Z) coctaBnsieT
okono 3-4 r/cm?, Takoe cpaBHUTENbHO HEGOSbLLOE 3arny6-
NIEHVE UCTOYHMKA M3NYYEHNS B MOYBE B HACTOSLLEE BPEMS
MOXHO BCTPETUTb B HEKOTOPbIX C/Ty4asix B IeCax U Ha LeNnH-
HbIX Jlyrax. Ha KynbTMBUMPOBAHHbLIX 3EMJIAX MPU 3HAYUTENb-
HOM 3arny6neHnn pagnoHyknnaa u HapacTaHuy 3Ha4YeHUs
Z npubop AaeT 3aHuxeHHble (10 3,5 pas) nokasartenm A...
Ana koppekumn 3HaueHus A, MOsy4eHHOro C MOMOLLbBIO
npubopa MKC AT6101/1, npeanoxeHa npoueaypa, kotopas
OCHOBaHa Ha MCnosib30BaHNN BENNYUHbLI Z. JaHHas npoue-
Aypa ycnewHo onpoboBaHa Ha OropoAHbIX y4acTkax, pac-
MOJIOXEHHBIX B 30HE PaAMOaKTUBHOIO 3arpsisHEHUs nocne
aBapuu Ha YepHobbinbckoit ASC. TeM He MeHee, B HACTOS-
Liee Bpems (6e3 MeTposiormyeckol aTtectaumm) NCNob3o-
BaHWe onumu onpeneneHns A, ¢ nomoLibio npuéopa MKC
AT6101[, MOXHO pekoMeHOoBaTb TONbKO AN npeaBapu-
TENbHOM ONepaTUBHOM OLEHKN PaanN0akTUBHOIO 3arpsisHe-
HUS TEPPUTOPUN.

CeepneHvs 0 NIMYHOM BKJ1ajile aBTOPOB
B pabory Hap cTaTbei

Pam3aaes B.[1.— koHUenTyanu3aums, namepeHusi, Hanmca-
HME YEPHOBMKA PYKOMUCK.

BapkoBckuin A.H.— koHLenTyanM3aums, peaakTMpoBaHne
pykonucu.

BbnaropapHocTn

ABTOpbI GnarogapsaT Miawero HayyHoro cCoTpyaHuka
K.B. Bapdponomeey 1 Hay4HOro cotpyaHuka A.A. bpatunosy
(PBEYH HUWNPT nmenn npod. MN.B. Pam3aeBa) 3a NOMOLLb Npu
NPOBEAEHUN MOJIEBbIX USMEPEHUIA.

MNncopmaumnsa o KoHhNMKTE UHTEPECOB

Y aBTOPOB HET KOHPNNKTOB MHTEPECOB, KOTOPLIE CleayeT
packpbIBaTh.
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Fig. 4. The comparison between the officially established average value of A for a settlement (A ) [23] and the A, value measured in situ
at kitchengardens with the MKS AT6101D device using the option provided by the device manufacturer (A, ,;ous): Panel “a” demonstrates
the measured values of A, ... @nd panel “b” demonstrates the A, ...+ values corrected for the average mean migration depth of
87Cs in soil (Z = 14.9 g/cm?). 114 plots in 46 settlements of the Bryansk region in 2020-2021. The data are provided on the day of in situ

measurement
[Puc. 4. CpasHeHne opuumanbHO YCTaHOBIEHHOrO CPEAHEro 3HaueHns A 1A HaceneHHoro nyHkTa (A, ) [23] v sHaueHns A
M3MEPEHHOr 0 in situ Ha oropoaax npréopom MKC AT6101/, ¢ ncnonb3osaHnem onumv NponssoamTens npuoopa (A, qoumx); NaHENb «a»
LEMOHCTPUPYET M3MEPEHHbIE 3HAUeHNA A, o, @ NaHesb «b» 4eMOHCTPUPYET 3HaueHna A, o, CKOPPEKTNPOBAHHbIE Ha CPEAHIOn
rny6uHy Mmurpaumm *’Cs B nouse (Z =14,9 r/cm?). 114 yqacTkoB B 46 HaceneHHbIx NyHkTax BpsHckoin o6nactu B 2020-2021 rr. [laHHble
npencTaBneHbl Ha ileHb M3MepeHUs]

Cs’

Table 2
Summary statistics on inventory of '*’Cs in soil (A.,) officially established for a settlement (A ) and determined in situ
with the ATOMTEX method for a kitchengarden: uncorrected values (A__ . .x) and the Z-corrected values (A

The 114 kitchengarden plots surveyed in 46 settlements in the Bryansk region in 2020-2021

Cs-ATOMTEX-cor) -

[Tabnuua 2

CeopgHasi CTaTUCTUKA MO NJIOTHOCTY 3arpsa3HeHus noyesl '¥’Cs (Ac,); oduuManbHO ycTaHOBIEHHOM ANA HAaceneHHoro nyHkTa (A, )
1 onpepeneHHo in situ metogom ATOMTEX Ha oropofe: HECKOPPEKTUPOBaHHbIE 3HaYeHUs (A, ourex) Y 3HAYEHUS

c nonpaeko Ha Z (A ). 114 npuycapeGHbIX y4acTKOB, 00C/ieA0BaHHbIX B 46 HaceneHHbIX NyHKTax BpsaHckoit oonactu

B 2020-2021 rr.]

Cs-ATOMTEX-cor:

A, (kBa/m? [kBk/m?]) Ratio [OTHOLWeHME]
Parameter [MapameTp]
ACs-ATOMTEX ACS-ATOMTEX-cor ACs-off* ACS-ATOMTEX/ ACs-oﬁ ACS-ATOMTEX-cor/ ACs-oﬂ

Minimum [MuHumym] 4.3 13 27 0.10 0.30
Maximum [Makcrmym] 240 732 533 0.90 2.76
Median [MeaunaHal 50 153 167 0.30 0.91
Mean [CpegnHsisi] 70 213 227 0.31 0.95
S.d. [c.0.] 53 162 146 0.12 0.38
CV,% [KB,%] 76 76 64 40 40

*—according to [23]. [* — no gaHHbIM [23].
SD - standard deviation [C.0. — cTaHaapTHoe oTknoHeHue]; CV — coefficient of variation (%) [KB — koadduumneHT Bapuaumm (%)].

each other (R, = 0.938) compared to the A, ;o\ rex/Acs.or PRI Ceepenun 06 ncrouHnkax puHaHcnposaHus

results (Rg, = 0.890). The coefficient of variation for the A, _ ®uHaHcMpoBaHMe  paboThl  YaCTMYHO  OCYLLECT-
/A

sronrex/Pcs.aur 110 (22%) was, on the contrary, significantly  gngnoc,  no  kowTpakty N2 0173100001419000019
less than that (40%) for the A;_ ,oured/Acs.or PRI HOWEVEr, on ¢ pocnorpe6Hanzopom.

average, the A values deduced using the ATOMTEX-method
turned out to be strongly underestimated (by a factor of 3),  JIurepartypa

compared with the BUF-method values. The applicationofthe 1. ICRU - International Commission on Radiation Units
proposed correction factor led to a significant improvement of and Measurergents. Gammsa-Rgg Spectrometry in the

; : : ; Environment. ICRU report: 53. 1994. Bethesda, Maryland,
the situation (Fig. 5), and the average A, ,-ourox.co/Poe.sur a0 0SA. P y

approached to approximately 1:1 (Table 3, column 6). The vis-
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ible deviation of some points from the 1:1 ratio can be attribut-
ed to using the mean value of Z for derivation of A__ . o\mexcor
atall 92 plots, while the A, . values were deduced with the Z
value calculated for each individual plot [23].
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Fig. 5. The comparison between A determined in situ using the
BUF-method (A, ;,-) [23] and the option provided by the device
MKS AT6101D manufacturer (A, . oure)s the relationship is shown
for the originally measured values of A_,.o,/re (ATOMTEX-measured)
and the values corrected for the average mean migration depth of
87Cs in soil, Z = 14,9 g/cm? (ATOMTEX-corrected). 92 plots in the
39 settlements of the Bryansk region in 2020-2021. The data are
provided on the day of measurement
[Puc. 5. CpaBHeHue A, ONpeaeneHHoro in situ ¢ UCMosb30BaHMeM
BUF-meTona (A, 5,c) [23] v onumm, npeaocTtasieHHom
npoussoamtenem npudopa MKC AT6101, (A oure); 3@BUCMMOCTD
rokasaHa A1l nepBOHa4YaibHO U3MEPEHHbIX 3HAYEHU
Acq sromrex (ATOMTEX-measured) 1 3Ha4€HWi, CKOPPEKTUPOBaHHbIX
Ha cpefHioo mMybuHy murpaumn ¥’Cs B nouse, Z = 14,9 r/cm?
(ATOMTEX-corrected). 92 yuactka B 39 HaceNeHHbIX MyHKTax
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n3mepenus]
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Table 3
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CeopaHas cTaTUCTMKA NO NJIOTHOCTYM 3arpsasHeHns noussbl '*’Cs (A, ), onpeaeneHHoi in situ Ha oropopax metoaom BUF (A
n metonom ATOMTEX: HeckoppekTUpOBaHHbIe 3Ha4YeHus (A

Cs-ATOMTEX

[Tabavua 3

Cs-BUF)

) n 3Ha4eHus ¢ nonpaekoit Ha Z (A, \romrex-cor)*

npuycageOHbIX yyacTka, o6cneaoBaHHbIX B 39 HaceneHHbIX NyHKTax BpsaHckoi o6nactu B 2020-2021 rr.]

A, (kBg/m? [kBk/Mm?]) Ratio[OTHOLWEHME]
Parameter [MapameTp]
ACS-ATOMTEX ACS-ATOMTEX»COr ACS»BUF* ACS»ATOMTEX /ACS-BUF ACS»ATOMTEX-COr /ACS-BUF

Minimum [MuHumym] 9.2 28 48 0.15 0.45
Maximum [Makcrmym] 240 732 779 0.54 1.65
Median [Mepnana] 67 205 231 0.30 0.93
Mean [CpenHss] 80 245 259 0.30 0.92
S.d.[c.0.] 53 160 153 0.07 0.21
CV,% [KB,%] 66 66 59 22 22

* —according to [23]. [* — no gaHHbIM [23]].

SD - standard deviation [C.0. — cTaHgaapTHOe oTknoHeHune]; CV — coefficient of variation (%) [KB - koadduumneHT Bapuaumm (%)].
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MKS AT6101D instrument for determining the density of soil
contamination with *¥Cs (A_,) in situ. Obtaining actual A_ val-
ues by using this option is possible if the average depth of ra-
dionuclide migration in the soil (Z) is about 3-4 g/cm?. Such a
relatively shallow bedding of the radiation source in the soil can
currently be found only in forests and virgin meadows. On cul-
tivated lands, with a significant deepening of the radionuclide
and an increase in the Z value, the device MKS AT6101D un-
derestimates (up to the factor of 3.5) the actual A .. To correct
the A, value obtained using the MKS AT6101D instrument, a
procedure based on the use of the Z value was proposed. The
procedure has been successfully tested in the kitchengarden
plots located in the zone of radioactive contamination after
the accident at the Chernobyl nuclear power plant. However,
at present (without metrological certification), the use of the
A, determination option of the MKS AT6101D instrument can
only be recommended for a preliminary operational assess-
ment of the radioactive contamination of territory.
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