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In 2016—2019, comparison tests of different methods for quantitative determination of the content of the
technogenic radionuclide "’Cs in soil samples were performed. Soil samples were collected from areas with
high and low "*’Cs contamination in Belarus. The intercomparison was performed as a part of an ongoing
Russian—Swedish— Belarusian cooperation on the assessment of radioactive contamination of the environ-
ment. Three laboratories of the regular participants in the project and three laboratories from other facilities
participated in the intercomparison that was focused on the samples of cultivated soil from the Gomel re-
gion (the first stage of comparisons, 3 samples) and the Grodno region (the second stage of comparisons, 4
samples). Results on activity concentrations in the samples presented by the participants were in satisfactory
agreement with each other. The maximum deviation from the average value, that had been calculated for
each sample based on the individual results from all laboratories, was 14%. Stage-averaged deviations from
the inter-laboratory mean did not exceed 10%. Results of the comparison tests should be taken into consid-
eration when comparing or merging experimental data from different laboratories participating in the Rus-
sian—Swedish— Belarusian cooperation project.
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Brief reports

DAMKAX npodoascarue2ocs poccuticko-uigedcko-0ea0pyccko2o compyoHutecmaa no oyelKe paduoaKmueg-
HO020 3aeps3HeHUs OKpydicatouleii cpedsi. Jlabopamopuu mpex noCMOSHHbIX YHACMHUKO8 NPOeKMA U mpu Aa-
bopamopuu u3 Opyeux yupexncoeHuil NPUHAAU YHacmue @ CAUMUMeNbHOM UCNbIMAHUU, 8 npouecce KOmopo2o
0blLAU NPOAHANUBUPOBAHBL NPOOLL KYyAbmuUsUpyemoll nougvl uz lomenvckoii oonacmu (nepeuiii >man caue-
Huil, 3 obpasya) u [poonenckoii obracmu (emopoii sman cauuenuii, 4 oopasua). Pezyromamor onpedensenus
YOeavHoll akmugHocmu 6 06pasyax, npeocmagaeHHsie YacmHUKamu, Haxoouaucs 8 y0081emeopumenbHom
cxoxucoenuu opye ¢ opyeom. Makcumanvhoe omiaoHeHue om cpeoHe2o 3HaueHus:, Komopoe 0bia0 paccuuma-
HO 04151 Kaxcdoeo 00pasya Ha 0CHO8e UHOUBUOYANbHBIX Pe3YAbINamos 6cex Aabopamopuil, y4acmeosasuiux
6 ucnoimanusx, cocmaeuno 14%. 3nauenuss OmkAOHEHUI OM MeNCAAbOPAMOPHORO CPeOHe20, YcpeoHeH ble
N0 GbINOAHEHHbIM CMAdUsAM uchvimanuil, He npesviwanu 10%. Pesyavmamol npoeedeHHbIX CAUHUMENbHBIX
UCHbIMAaHULl credyem YHUmoleams NPU OUeHKe Uil epynnuposKe IKCnepumMeHmanbHblX OAHHbIX, NOAYHEeHHbIX
6 KOHKPemHbiX 1a00pamopusx, y4acmeylouux 8 poccuiicko-ueedcko-6ea0pyccKom npoexme.

Kirouesbie ciioBa: cauuumensioie ucnsimanust, novéa, ’Cs, beaapyco, Poccus, llleeyus.

Introduction

For almost one decade, an international group of re-
searchers from the Institute of Radiobiology of the Academy
of Sciences of Belarus (IRB), Lund University, Sweden (LU),
and St. Petersburg Research Institute of Radiation Hygiene
after Professor P.V. Ramzaev, Russia (IRH) have been coop-
erating in various projects related to environmental radiology.

In 2016-2018, the group carried out assessments of the
radiation environment in the Chernobyl contaminated Vetka
district in the Gomel region of Belarus [1]. An important part
of that project was to evaluate the inventory and depth dis-
tribution of "¥’Cs in soil, and to determine the corresponding
gamma dose rate in air at various locations. Apart from IRB,
LU and IRH, two additional laboratories were participating in
the laboratory comparison tests carried out in parallel: one
in Belarus [Research Institute of Radiology, Gomel (RIR)]
and one in Sweden [Swedish Radiation Safety Authority,
Stockholm (SSM)].

Recently, in 2019, the group carried out a zero point as-
sessment of the radiation environment in the area of the con-
struction of the Belarusian NPP (the Astrovets district of the
Grodno region) [2]. Representatives of the Republican Centre
for Hydrometeorology, Control of Radioactive Contamination
and Environmental Monitoring of the Republic of Belarus
(Belhydromet) participated in the work in Astrovets as well.
One of the main objectives of that project was to study the
content of technogenic radionuclides in environmental me-
dia. In particular, the purpose of the collection and subse-
quent laboratory analysis of the environmental samples was
to obtain data on activity concentration of '*’Cs, the only tech-
nogenic gamma-emitting radionuclide which is distributed all
over the world.

An important part of both Russian—-Swedish-Belarusian
projects was to carry out comparative interlaboratory tests to
determine the activity concentration of '*’Cs in soil samples.

The aim of this work is to analyze the measurement results
presented by the laboratories participating in the comparison
tests.

Materials and methods

The comparison tests were carried out in two stages.
Main participants (LU, IRB, IRH) took part in each stage. At
the first stage (in 2016), samples for comparison were ad-
ditionally sent to SSM and RIR. In 2018, RIR was unified with
IRB. At the second stage (in 2019), in addition to the three
main participants, Belydromet participated in the compari-
son tests.

BeepgeHve

B TeyeHme nocnegHux [ecATM neT MexayHapogHas
rpynna uccneposateneir m3 WHcTUTyTa paamobuonorum
Akapemun Hayk Benapycu (IRB), JlyHackoro yHusepcuTe-
Ta, Weeumsa (LU) n CankT-MNeTepbyprckoro Hay4HO-uccne-
[0BaTeNbCKOro MHCTUTYTA PAAVALMOHHON TUIMEeHbl UMEHU
npodeccopa [1.B. Pam3saes, Poccus (IRH) cotpyaHuyaoT
B Pa3/INyHbIX NPOEKTax, CBA3AHHbIX C UCCNeA0BaHUSAMY pa-
OMOAKTMBHOIO 3arpsi3HEHUS OKPYXXatoLLen cpeapi.

B 2016-2018 rr. maHHas rpynna nposena OUgHKY paau-
auMoHHON 06CcTaHOBKN B BeTkOBCKOM pairioHe MoMenbCKoi
obnactu benapycu [1]. BaxHoi yacTbto 3TOro npoekTa 6110
n3yyeHue 3anaca v pacnpegeneHus no rmybuHe *’Cs B no-
yBe, a Takke onpefefieHne MOLLHOCTW 403kl rammMa-usny-
YeHMs B BO34yXxe B PasnmyHbIx nokaumsx. Momumo IRB, LU
1 IRH, elle aBe npurnawieHHbIe nabopaTtopun y4acTBOBaIM B
nabopaTopHbIX CIMYUTESNbHBIX UCMbITaHKSAX, MPOBOAUMbIX Na-
pannenbHo: ogHa B benapycu [Hay4yHo-nccnenoBaTenbCkum
nHcTUTyT pagmonorun, Tomenb (RIR)] n ogHa B LBeunn
[LLBenckoe ynpaBneHve pagvaumoHHON 6e30MacHOCTH,
Crokronbm (SSM)].

B 2019 r., gaHHas rpynna nposena OUeHKY paamaLmoH-
HOW 06CTaHOBKM B paioHe cTpoutenbcTBa Benopycckoin ASC
(OcTpoBeLkuit paiioH MpoaHeHckon obnacTn) [2]. B noneBbix
paboTtax B OCTpoBLE Takke MPUHSAN yyacTue npeacTaBu-
Tenu PecnybivkaHCKOro LeHTpa no rMapoMeTeoposioruu,
KOHTPOJIIO PaAMOaKTUBHOIO 3arpsiBHEHUSI U MOHUTOPUHIY
okpyxatouien cpeabl Pecnybnukn benapyce (benrngpomer).
OpHOW 13 OCHOBHBIX 3aJ1a4 TOro npoekTta 66110 onpeaene-
HME yOEeNbHOM aKTUMBHOCTWM TEXHOMEHHbIX PaAMOHYKINOO0B
B nNpobax okpyxatoLlel cpeabl. B yacTHocTu, Lenbio otbopa
1 nocneaytouiero nabopatopHoro aHannaa npob okpyxalo-
Lier cpenpl ObIN0 NoNyYeHne AaHHbIX 00 yAenbHOM akTUBHO-
ctn "¥’Cs, edMHCTBEHHOro TEXHOMEHHOro ramma-usnyvare-
11, KOTOPbI MOXHO 0OHAPYXWTb MO BceMy mupy. Mpu aTom
BaXHOW 4aCTbl0 UCC/Ie00BaHUN ABNANOCH NPOBEAEHNE Clu-
YynTeSIbHbIX Mex1abopaTopHbIX UCMbITaHWIA MO onpeaesieHnto
yAenbHol akTMBHOCTM '¥7Cs B NpobHax noysbl.

Llenb uccnepgoBaHus — aHann3 pe3ysibTaToB, NPeacTaB-
JIEHHbIX Y4ACTHUKAMM CIINYUTESbHBIX UCMbITAHUIA.

Ma‘repmanbl n metToabl

CnnyeHns 6bi1M NpoBefeHbl B ABa 3Tana. B kaxaom u3
aTanos npuHumManu ydactue LU, IRB, IRH (oCcHOBHbIE yyacT-
HukM). Ha nepeom atane (2016 r.) o6pasubl Ans CrmyeHus
OblNn JononHUTEeNbHO HanpaeneHsl B SSM 1 RIR. B 2018 .
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At the first stage, three samples of soil heavily contami-
nated with *"Cs due to the Chernobyl accident were used as a
subject for comparison. Samples were taken in June 2016 in
one of the abandoned gardens (52.649° N, 31.326° E) located
in the resettlement zone on the territory of the former settle-
ment of Bartolomeevka in the Vetka district of the Gomel re-
gion of Belarus. In 1986, the '*"Cs contamination density of
the Bartolomeevka territory exceeded 555 kBqg/m? [3]. After
the Chernobyl accident, this area had been cultivated for some
time, which led to mechanical mixing of the upper 0-20 cm soil
layer and to a relatively uniform distribution of "*’Cs in this layer
[1]. These conditions were decisive in the selection of cultivated
soil for comparisons. Three flat plots (each area is ~1 m?) were
selected on the site. The distance between these plots was ap-
proximately 5 m. Three cores of soil were taken at each plot. The
authors used a cylindrical sampler with a length of 25 cm and
an internal cross-sectional area of 20 cm? for soil sampling. The
grass roots and other large organic fragments were removed
from the cores whereas stones and gravel were absent in the
soil. The mechanical composition of the soil corresponded to
loamy-sand type. The material of the three cores was combined
into one sample, and the soil was thoroughly mixed. Each of the
main participants received 600-650 g (wet weight) of soil mate-
rial from each of the three plots. Samples were not encrypted, as
representatives of all main laboratories took partin the field work.

In the second stage, four samples of soil that were less
contaminated with '*’Cs (mainly as a result of global fallout
from nuclear weapons tests in the atmosphere) were used for
intercomparison. Samples were obtained in September 2019
from a cultivated meadow (54.770° N, 26.000° E) located in
the village of Berezovka, the Astrovets district, the Grodno re-
gion of Belarus. According to [4], the expected contamination
density of '¥”Cs from global and Chernobyl fallout in this site
should be less than 2 kBg/m?. Sampling was carried out on a
flat area with a size of approximately 0.5 x 0.5 m?. The upper
turf layer (0-5 cm) was removed with a shovel and excluded
from analysis due to the presence of a large mass of plant
roots. Samples for comparison were taken using a shovel
sampler from depths of 5-10, 10-15, 15-20 and 20-25 cm.
The soil was sandy-loam type. Each sample was thoroughly
mixed and divided into four, approximately equal parts. Each
of the four participants received 220-250 g of the material
from each sample (depth layer) for the analysis.

Alllaboratories dried their samples prior to measurements.
To measure the ¥Cs activity in the samples, the laboratories
participating in the comparison tests used lead-shielded sta-
tionary semiconductor (HPGe) or scintillation [Nal(Tl)] gam-
ma spectrometers. The final goal of each laboratory was to
present the activity concentration (AC) of '*Cs in each sample
(on dry weight basis) and to indicate the total uncertainty of
the presented value of AC with a confidence level of 95%. At
the will of the participants, it was possible to provide a value
of the statistical uncertainty in estimating the 662 keV photo-
peak area, as well as the data on the preparation of samples
for measurements and on the calibration of spectrometers.

Since not one of the participants of the comparison tests
could claim the role as a reference laboratory, it was decid-
ed to apply a reference value corresponding to the average
value of '¥’Cs AC calculated from the results presented for
each sample by all participating laboratories. As a criterion
of compliance, a 10 percent deviation from the average was
selected.

RIR 6bin o6beauHeH ¢ IRB. Ha BTopom atane (2019 r.), no-
MUMO TPEX OCHOBHbIX YHACTHUKOB, B CJIMHEHUSIX YHaCTBOBA
benrvopomer.

Ha nepBom aTane B kayecTBe 06bekTa AJ19 CIMYEHNS UC-
nonb30Bany Tpu NPoBbl NOYBbLI, CYLLLECTBEHHO 3arPS3HEHHON
3"Cs B peaynbrate YepHoObiibckon aBapuun. Mpobbl Gbinn
oToOpaHbl B 30HE OTCENEHMs Ha TeppuTopun BObIBLLEro Ha-
cefleHHoro nyHkta baptonomeeBka B BeTkOBCKOM palioHe
lomensckoli obnactn Benapycu B mioHe 2016 . B 1986
MAOTHOCTb 3arpsA3HeHns '¥’Cs Tepputopun Baptonomeesku
npesblwana 555 kbk/m? [3]. Ot6op npob 6bi1 OcyLLlecT-
BNIEH Ha OHOM U3 3abpOLUEHHBLIX OoroponoB (52,649 c.w.,
31,326° B.4.). Mocne YepHOObLINBLCKON aBapumn 3TOT y4aCTOK
Ha MPOTSXEHUM HEKOTOPOro BPEMEHM MoABeprancs Kysb-
TMBALMK, YTO MPUBENO K MEXaHUYECKOMY NepeMeLlnBaHno
BepxHero 0-20 cm ¢cnos noyBbl 1, COOTBETCTBEHHO, K BECb-
Ma paBHOMEpPHOMY pacnpeneneHunio '*’Cs B gaHHOM croe
[1]. 970 obcTOATENLCTBO GLIIO ONpeaensiownm B Beibope
WMEHHO KYNbTUBUPOBAHHOWM MOYBLI A5 NPOBEAEHUS CnYe-
HWiA. Ha yyacTke Oblnn HaiaeHbl TPU POBHBIE MOLWAAKM (No-
waas kaxaon ~1 m?). PacctosHue mexay nnotuaakamm 6bino
paBHO NpMMepPHO 5 M. Ha kaxaoi nnowaake 6bi10 0TobpaHo
no Tpu kepHa 3emnu. ns ot6éopa Mbl UCMOSIb30BANN LIUIIVH-
OpVYecknii Npo600TOOPHMK OJIMHOMN 25 CM 1 NJIOLLAABIO0 BHY-
TpeHHero cedeHns 20 cm?. 13 kepHOB Oblnv yaaneHbl KOpHU
TpaBbl 1 NPOYME KPYMHbIE OpraHnyeckmne GparmMeHTsl. KamHm
1 rpaBuii B rno4se OTCYTCTBOBa/N. [10 MexaHM4YeCKOMy CO-
CTaBy rno4ea COOTBETCTBOBAIA IEFKOMY CYINHKY. MaTtepuman
Tpex KepHoB Obln 06beanHeH B oaHy npoby, 1 noysa Gbina
TLATeNbHO nepemMellara. Kaxablii 13 OCHOBHbIX YHaCTHUKOB
nonyymn no 600-650 r (cbipoit BEC) MOYBEHHOrO MaTepua-
fla ¢ Kaxaon 13 Tpex nnowanok. Mpobbl He nogsepranncb
WwndpoBKe, Tak Kak B NnosieBbix paboTax NpUHMMann y4actme
npeacTaBuUTeNN BCEX OCHOBHBLIX JTAB0paTopuii.

Ha BTOpoMm 3Tane Ang CANYEHUI UCMNOJL30BaIN YETbIpe
npo6bl No4Bbl, cnabo 3arps3HeHHon '¥’Cs, B OCHOBHOM B pe-
3ynbrate rmobanbHbIX BbIMALEHWA OT WCMbITAHUIA SAEPHOrO
opyxua B atmocdepe. Mpobbl GblIM NoyYeHbl B CEHTAOpe
2019r. c kynbTMBMPOBaHHOro nyra (54,770° ¢c.w., 26,000° B.4.),
pPacnosioXXeHHOro B HaceneHHOM nyHkTe  bBepésoska
OcTtpoBseLkoro paioHa pogHeHckon obnactn Benapycu. Mo
OaHHbIM [4], oxvpgaemasi MAOTHOCTb 3arpPA3HEHUsT TEPPUTO-
pun B 3TOM pernoHe '¥’Cs (0T rmobasnbHbIX 1 4ePHOObINbCKMX
BbiNafeHuin) nomkHa ObiTb MeHee 2 KBk/M2. OT6op Npob Obin
BbINOJIHEH HA POBHOM MIOLLAJKE PAa3MEPOM NMPUBIN3UTENBHO
0,5 x 0,5 m2. BepxHuii gepHoBoii cnoii (0-5 cm) 6bin yoaneH
C MOMOLLbIO JIONAThl U UCKITIOYEH N3 aHANM3a B CBA3M C HaNW-
ymem B0NbLLIOrO KOIMYECTBA KOPHEN pacTeHuwit. Mpobbl ans
CNnyeHusi Obinv 0ToBpaHbl C MOMOLLBIO COBKOBOrO NMpobooT-
6opHuka ¢ mybuHsl 5-10, 10-15, 15-20 n 20-25 cm. MNouysa
Obina cpegHecyrnmHmucTon. Kaxpasa npoba Obina TwaTensHO
nepemeLlaHa 1 pasgeneHa Ha 4 NpUMEepHO PaBHble YacCTU.
Kax bl 13 4 y4aCTHMKOB nony4un ans aHanmsa no 220-250 r
mMartepuana u3 Kaxaou npoosi.

Bo Bcex nabopaTtopusix Npo6bl Obinv BbICYLLIEHBI NEPeS, 13-
MepeHusmMn. Ona nameperust aktneHoct '¥’Cs B obpasuax
nabopaTopun-y4aCcTHVKA CAMHYEHWUI MCMOMb30Bann CTauu-
OHapHble nonynpoBoaHukoBble (HP-Ge) nnu cupHTUnnaum-
oHHble [Nal(Tl)] ramma-cnekTpomeTpbl. KoHeyHOM 3apadeit
Kaxgown nabopatopurm ObI10 NPeAcTaBIeHEe 3HAYEHNS YO b-
Hol akTMBHOCTU '¥'Cs B kaxaoM obpasue (Ha Cyxoi Bec) ¢
yKa3aHMeM TMOJIHOW HEeoNpeaeNeHHOCTN MPeLCTaBeHHOro
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Results and discussion

Results of determination of the '¥’Cs AC in soil samples
from Bartolomeevka (first stage in 2016) are presented in
Table 1. The reported values were in the range from 1660 to
2700 Bg/kg for the three plots within the same area. The ob-
served scatter was, to a certain extent, related to differences
between the sampled plots. For the plot “B”, all participants
indicated the highest values (on average 2540 Bqg/kg), and for
the plot “C”, all participants reported the lowest values of the
87Cs AC (on average 1880 Bg/kg). The difference between
the average values for these plots was 1.35 times. The val-
ues of the total uncertainty in the estimation of AC in individual
samples ranged from 6.2% to 15%.

Deviations of the obtained individual values of AC from the
average values for individual plots, for individual participants,
ranged from —-11.7%to +11.7% (Table 2). The deviations aver-
aged over all three plots ranged from —8.6% to +8.2%. These
values do not exceed the 10 percent criterion of compliance.
Therefore, we can state satisfactory agreement between the
methods and standards used in the laboratories participat-
ing in the comparison tests for the quantitative determination
of ¥’Cs in soil with high levels of contamination. At the same
time, it should be noted that the LU, SSM and IRH laboratories
provided values that were higher than the average values. On
the contrary and correspondingly, for the IRB and RIR labora-
tories, all values were lower than the average values.

The experimentally determined values of the *"Cs AC in soil
samples from Berezovka (second stage in 2019) ranged from 3.2
10 6.4 Bg/kg (Table 3) for the 4 x 4 samples and layers. The ob-
served twofold scatter was associated primarily with the uneven
vertical distribution of '*Cs in the soil. All participants reported
the lowest values of the AC (range 3.2-4.1 Bg/kg; average = 3.7
Bqg/kg) in the deepest soil layer (20-25 cm). In the three upper
layers, the distribution of the radionuclide was more uniform: a
range for the averages was 5.2-5.8 Bq/kg. Such a distribution of
¥’Cs is a characteristic for the fields that have been cultivated for
many years after a radioactive fallout (e.g., [5, 6]).

The total uncertainty of measuring the relatively low AC of
87Cs, shown in Table 3, ranged from 11 to 20%. These val-
ues were expected to be larger than the uncertainty values
for the '¥"Cs AC in the highly contaminated samples from
Bartolomeevka.

3HaYeHMs NpU 4OBEPUTENLHON BEPOATHOCTM 95%. OgHako no
XeNaHMIo y4aCTHMKOB MOXHO OblI0 MpeacTaBUTb OLEHKY CTa-
TUCTUYECKOIN HeoNpeaeNeHHOCTU OLLeHKM naoLwaam potonmka
C 3Hepruen 662 kaB, a Takke AaHHbIE O NOArOTOBKE 0OPa3LLIOB
K U3MEPEHVSIM 1 0 KanmbpoBKe CNEKTPOMETPOB.

Tak KaKk HY OAMH U3 YYaCTHUKOB CIIMYEHUIA HE MOT MPETEH-
[oBaTb Ha ponb pedepeHTHO nabopatopuu, BbINO PeLleHo
MCMoJIb30BaTb B KA4eCTBE PedPEPEHTHOMO 3HAYEHUS YOENbHOM
AKTVMBHOCTU CpefHee 3HAYeHne, BbIYMCIEHHOE MO pe3ybTa-
TaMm, NpefcTaBieHHbIM s Kaxaon npobbl Bcemu nabopa-
TOPUSIMU-y4aCTHUKaMK. B kayecTBe KpUTEPUS COOTBETCTBUS
6b110 BbIOpaHo 10% 3Ha4YeHWE OTKIIOHEHWSI OT CPEAHErO.

Pe3ynbTratbl n obcyxaeHve

Pesynbtatel onpeneneHus yaenbHo aktueHocTu '¥7Cs
B npobax noysbl n3 bapTonomeeskn (nepeas dpasa, 2016 r.)
npeacTasneHsl B Tabnuue 1. MNonyyeHHble 3HAYEHUSI Haxo-
omnuck B ananadoHe ot 1660 go 2700 bk/kr. Habniopaembliii
pa3bpoc B OLeHKax yAesibHOW akTMBHOCTM B OMpenesieH-
HOl Mepe Oblf1 CBSI3aH C pasnnumsaMy Mexay niolagkamm
no yaenbHoWn aktmBHOCTK '¥’Cs B nmouse. [na nnowaaku B
BCE YY4aCTHUKM yKa3anu HambonbluMe 3HAYEHNS (B CpeaHEM
2540 bk/xr), a ans nnowankm C Bce y4aCTHUKM MOAYyHUNIn
HavMeHblUMe 3HaveHus (B cpegHeM 1880 Bk/kr) yaoenbHbix
akTuBHocTel '¥’Cs. OTU cpefHue BeVYMHbI Pasnivyanncb
B 1,35 pasa. 3HauyeHus obLLein HeonpeaeneHHOCTU OLEHKM
yIEeNbHO aKTUBHOCTUN B UHAMBUAYaSbHbIX 06pa3Lax Haxoam-
Nncb B ananasoHe o1 6,2% no 15%.

OTKNIOHEHNST MONYYEHHbIX WHAVMBUAYANbHbLIX 3HAYEHWN
yAEeNbHOM aKTUBHOCTU OT CPeAHMX 3HAYEHWU MO OTAE/bHbIM
niowaakaMm Ans OTAENbHbIX Y4acTHUKOB BapbvpOBanu OT
-11,7% no +11,7% (tabn. 2). YcpeaHeHHble Mo BCeM TPEM
nnoLwaakam OTKIOHEHNUS nexany B avana3oHe ot —8,6% no
+8,2%. 371 BennymHbl He npesbiwaloT 10% kputepus co-
oTBETCTBUS. 03TOMY MOXHO KOHCTaTMpPOBaATb YAOBNETBO-
pPUTESNIbHYIO CXOAMMOCTb Mexay MeTogamu U ctaHgapTamu,
NpYMeHsieMbIMY B 1TaB0PaTOPUSIX-yHaCTHMKAX CIIMYEHWIA ANs
KONMYeCTBEHHOro onpeneneHns ¥7Cs B No4YBe npu BbICOKUX
YPOBHSIX 3arpsid3HeHnsi. BMecTe ¢ Tem, cnenyeT OTMETUTb,
yTto anst nabopatopuin LU, SSM 1 IRH umenock npeBbilLeHre
CpeaHnX 3Ha4YeHui, 1 HanpoTuB, ANa nabopaTopuii IRB n RIR
BCE 3Ha4YeHusl ObINn HUXE, YHEM CPEeaHNE BEINYMHDI.

Table 1

Activity concentration (on dry weight basis) of '*’Cs in soil samples from Bartolomeevka

[Tabnvua 1

YaenbHas akTUBHOCTb (Ha cyxyio maccy) '¥’Cs B npo6ax nousbl u3 baptonomeesku]

Activity concentration (Bg/kg) in the sample: [YoenbHasa akTnBHOCTb (Bk/kr) B npobe:]

Laboratory [JlabopaTopus]

A B C
LU 2120 (6.2) 2660 (7.0) 1970 (7.0)
IRH 2200 (15) 2570 (15) 1930 (15)
IRB 1970 (11) 2350 (11) 1660 (11)
SSM 2250 (11) 2700 (11) 2100 (11)
RIR 2030 (12) 2440 (12) 1740 (12)
Mean [CpenHsisi] 2110 2540 1880
Standard deviation [CTaHgapTHOe 120 150 180

OTKJIOHEHME]

Uncertainty of measurement is given in brackets (percent, the 95% probability). [HeonpeneneHHOCTb M3MepeHus nprBeaeHa B CKoOKax

(NPOLEHT, C BEpPOATHOCTbIO 95%).]
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Table 2

Deviation of the individual values of '*’Cs activity concentration in the Bartolomeevka soil samples
from the interlaboratory mean value (%)

[Tabnvya 2

OTKNOHEHNE UHOVBUAYAJbHBIX 3HAYE€HWUI yAenbHO akTUBHOCTM '¥7Cs B 00pasuax no4sbl
13 BapTosniomeeBkUu OT Mex1abopaToOpPHOro cpeaHero saHavyeHus (%)]

Deviation (%) for the sample: [OTknoHeHune (%) ans npobbi:]

Laboratory [JlabopaTopus]

A B C Average [CpegHsas]
LU 0.5 4.7 4.8 3.3
IRH 4.3 1.2 2.7 2.7
IRB 6.6 -7.5 -11.7 -8.6
SSM 6.6 6.3 1.7 8.2
RIR -3.8 -3.9 7.4 -5.1
Table 3
Activity concentration (on dry weight basis) of '3’Cs in soil samples from Berezovka
[Tabnvya 3

YaenbHas akTUBHOCTb (Ha cyxyto maccy) '¥’Cs B npo6ax nouebl us bepésoeku]

Laboratory [Jlabopatopus]

Activity concentration (Bg/kg) in the sample: [YoenbHas aktnBHoCTb (Bk/kr) B npobe:]

5-10cm 10-15¢cm 15-20cm 20-25cm

LU 5.91(14) 5.56 (16) 5.89 (20) 3.65(11)

IRH 6.36 (17) 6.18 (17) 5.66 (17) 3.76 (17)

IRB 5.60(12) 5.62(12) 5.12(12) 4.08 (12)

Belhydromet 5.4 (15) 5.6 (14) 4.6 (15) 3.2(16)
Mean [CpenHsisi] 5.82 5.74 5.32 3.67

Uncertainty of measurement is given in brackets (percent, the 95% probability).
[HeonpeneneHHOCTL M3MepeHns NprBeaeHa B CKOOKax (MPOLLEHT, C BEPOSTHOCTLIO 95%).]

The deviation of the individual values of the '¥’Cs AC from
the average value for a layer varied from -14% to +11% (Table
4). The layer-averaged deviations for individual laboratories
ranged from —9.0% to +6.4%. These values do not exceed
the declared values for assessing the total uncertainty of the
measurement of the '¥’Cs AC and the 10 percent criterion
of compliance. In general, the agreement between results
reported by the different laboratories for the relatively
low activity concentrations of '¥”Cs should be considered
satisfactory.

The differences in the values of the '¥’Cs AC presented
for individual samples by laboratories in the first and sec-
ond stages could be explained by both random factors and
systematic factors. The random factors include a possible
uneven distribution of the radionuclide in the original soil
samples. The mixing of soil material after sampling was car-
ried out in the field and, of course, it was not ideal. To check
the degree of this mixing unevenness, pairs of aliquots taken
from samples A, B, C were measured at LU. The discrepancy
between the values of the '*”Cs AC in each pair ranged from
2% to 4%. In part, this discrepancy can be explained by the
statistical uncertainty in estimating the 662 keV photopeak
area (up to 1.5%). This uncertainty also belongs to the group
of random errors. According to IRH and IRB reports, the un-
certainty in estimating the area of the 662 keV photopeak
was within £3.3% for the highly contaminated samples from
Bartolomeevka. For the less contaminated samples from
Berezovka, the error in determination of the area of the 662
keV photopeak could reach +5%.

OKcrneprMeHTasibHO onpeaeNieHHble 3HaYeHUs YAeIbHOM
akTMBHOCTM '¥’Cs B npobax no4sbl U3 Bep&3oBkn HAXO0aAUINCh
B AmanasoHe oT 3,2 0o 6,4 bk/kr (tabn. 3). Habniopaemblii
OBYKpPaTHbIA pa3bpoc Obi CBA3aH, Npexae BCero, C Hepas-
HOMEPHbLIM BEPTUKaSIbHBIM PacnpeaesieHNEM Lie3usi B MOYBE.
Bce y4acTHMKM COOBLMIN O HAMMEHBLLVX 3HAYEHUSX YOESb-
Holt akTMBHOCTM '*’Cs (gmanasoH 3,2-4,1 Bk/kr; cpeaHss =
3,7 Bk/kr) B caMOM HWXHeM cnoe Ha rmybuHe 20-25 cm.
B Tpex BepxXHUX CNnosix pacnpeneneHne pagnoHyknuaa 6bi1o
Oonee paBHOMEPHbLIM (Onanas3oH CPedHUX 3HaYeHuin: 5,2—
5,8 Bk/kr). Takoe pacnpenenerve '*’Cs BeCbMa xapakTepHO
ONsi nonei, NoABepraBLUMXCS KyNbTUBAUMM Ha MPOTSXKEHUN
MHOT X JIET NOCJ1e BbiNaAeHuiA paanoakTMBHOIO Lie3uns 3 aT-
Mocdepbl (Hanpumep, [5, 6)]).

O6Las HeonpeneneHHoOCTb U3MEPEHUST CPaBHUTENILHO
HU3KMX YAENbHbIX akTMBHOCTeN '¥’Cs, ykasaHHbIX B Tabnu-
ue 3, Haxoaunack B gnanasoxe ot 11 0o 20%. 3T 3Ha4YeHns
OblNV 0XMAAEMO HECKOJILKO BhILLE, YEM 3HAYEHNS HEONPee-
JIEHHOCTM OLEHKN YAenbHbIX akTMBHOCTeN '¥’Cs ans BbICOKO-
aKTMBHbIX NPo6 13 BapTonomeesku.

OTK/IOHEHNE VHAMBUOYANIbHBIX 3HAYEHWA YAENbHON ak-
TMBHOCTM '¥’Cs OT cpefHero 3HayYeHus s Kaxaoro Crost
BapbupoBano ot —14% po +11% (1abn. 4). YcpeaHeHHble
Nno CNnosiM OTKJIOHEHWSI ANs OTAeNbHbIX nabopartopuii Ha-
xoomnucb B amanasoHe ot —9,0% no +6,4%. 3Tn BENNYUHBI
He MPEeBLILLAIOT 3asIBNIEHHbIX 3HAYEHUIA OLEHKN 00LLel He-
ONpeaeneHHOCTN U3MEPEHNs yaenbHOM akTuBHOCTU 1 10%
KpUTEPUS COOTBETCTBMS. B LENoM, COOTBETCTBME MeXay
COO0O6LLEHHbIMIU nabopaTopusMn pe3ynbtataMmy OJis cpas-
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Systematic differences between laboratories could be
associated primarily with the use of different standards for
calibrating spectrometers. For example, the uncertainty of
the content of gamma-emitting radionuclides in standard
volumetric measures (reference radiation sources) in the
IRH laboratory is 6-7% (with a confidence level of 95%). The
systematic uncertainty can increase by several percent when
constructing a gamma-quantum registration efficiency curve
for a spectrometer.

To reliably estimate the magnitude of systematic discrep-
ancies between laboratories, it is necessary to have such a
number of observation pairs that allows the use of an appropri-
ate statistical test. In particular, for the main participants of the
comparisons, it was possible to make an assessment using the
nonparametric Wilcoxon match pair test after merging results
of the first and second stages of the comparisons (Table 5). The
differences in the LU/IRH (median = 3%) and LU/IRB (median
= 8%) pairs were statistically nonsignificant (P > 0.05; n =7). At
the same time, for the IRH/IRB pair, the calculated difference
(median = 11%) was statistically significant (P < 0.05; n=7).

Conclusion

In the framework of the ongoing Russian-Swedish-
Belarusian cooperation on the assessment of radioactive

HUTENbHO MaribIX YOENbHbIX aKTUBHOCTEN CreayeT npuaHatb
YOOBNETBOPUTENBHBIMU.

Pasnuuna B 3HauyeHMsIX yaenbHo akTmeBHocTu '3Cs,
NpeAcTaBNeHHbIX ANs MHOMBMAYaNbHbIX Npob nadopatopu-
AMM Ha NepPBOM W BTOPOM 3Tane, MOrun OblTb CBA3aHbI Kak
CO Clly4yarHbIMK, Tak U C cucTeMaTndeckummn daktopamu.
K cnyyariHbiM dakTopaMm cnenyet OTHECTUM BO3MOXHYIO He-
PaBHOMEPHOCTb pacnpeaeneHns pagmoHyknnaa B UCXOAHbIX
npobax nouysbl. epemMeluBaHMe MOYBEHHOro MaTepuana
nocsne oTbopa NPOBOAUIIOCH B MONEBLIX YCIOBUSX U, KOHEY-
HO, He IBNSNOCh naeanbHbiM. s NPOBEpPKN CTENEHU 3TOM
HepaBHOMEPHOCTM nepemMelunsaHns B LU Gbino nposeneHo
n3mMepeHve nap anvkBoT, 0TOOPaHHbIX U3 NPOO MaoWanokK A,
B 1 C. PacxoxaeHune Mexay 3Ha4eHaIMn yOenbHOM akTUBHO-
¢t "¥’Cs B kaxxaoii nape konebanock ot 2% 00 4%. YactuiHo
3TO PaCXOXAEHNEe MOXHO OObACHUTb CTAaTUCTMYECKOWN He-
OnNpefeneHHOCTLI0 OLEeHKM nowaan doTtonuka 662 kaB (no
1,5%). OTa HeonpeaeneHHOCTb Takke OTHOCUTCS K rpynne
cnyyvaiHbIx owmnbok. Mo paHHbiM IRH 1 IRB, HeonpeneneH-
HOCTb OLieHKM nnoLaam gotonuka '*’Cs Haxoamnach B npe-
nenax 3,3% 0519 BbICOKOaKTUBHbIX MPo6 13 BapTonomeeBku.
Jna manoakTBHbIX Npo6 13 BepE&30BKM BeMYMHA Heonpe-
[eNeHHOCTU Bbl4MCNIeHUs nnoLaam poTtonuka 662 kaB morna
pocturatb 5%.

Table 4
Deviations of the individual values of '*’Cs activity concentration in the Berezovka soil samples
from the interlaboratory mean value (%)
[Tabnvua 4
OTKJIOHEHUE UHAUBUAYaNbHbIX 3HA4YE€HUIA yAenbHOW akTMBHOCTHM '7Cs B 06pa3uax nouBbl u3 Bepésosku
OT MeXJ1abopaTopHOro cpeaHero 3HaYeHus (%)]
Deviation (%) for the sample: [OTknoHeHuve (%) ans npobbi:]
Laboratory [JlabopaTtopus]
5-10 cm 10-15cm 15-20 cm 20-25 cm Average
[CpenHsa]
LU 1.5 -3.1 10.7 -0.5 2.1
IRH 9.3 7.7 6.4 2.5 6.4
IRB -3.8 -2.1 -3.8 11.2 0.4
Belhydromet -7.2 -2.4 -13.5 -12.8 -9.0
Table 5

Activity concentrations (on dry weight basis) of '*’Cs in soil samples from Bartolomeevka and Berezovka determined by the LU,
IRH and IRB laboratories, and the activity concentrations ratio

[Tabnnua 5

3HauyeHus yaenbHO akTUBHOCTU (Ha cyxylo maccy) '*’Cs B npo6ax no4Bbl u3 Bapronomeeeku u Bep&é3oBku No gaHHbIM
na6oparopuii LU, IRH n IRB 1 cooTHOLLEHME yAeNbHbIX aKTUBHOCTE]

Activity concentration (Bq/kg) [YoenbHas

Activity concentrations ratio [OTHOwWeHME

Site [MecTo] ?I?g‘up:;ggg‘]? aKTUBHOCTb (BK/Kr)] YAENbHbIX aKTUBHOCTEN]
LU IRH IRB LU/IRH LU/IRB IRH/IRB

Bartolomeevka A 2120 2200 1970 0.96 1.08 1.12
[BapTonomeeska]

Bartolomeevka B 2660 2570 2350 1.04 1.13 1.09
[BapTonomeeska]

Bartolomeevka c 1970 1930 1660 1.02 1.19 1.16
[BapTonomeeska]

Berezovka [bepé3oBka] 5-10cm 5.91 6.36 5.60 0.93 1.06 1.14

Berezovka [BepésoBkal 10-15¢cm 5.56 6.18 5.62 0.90 0.99 1.10

Berezovka [bepé3oBka] 15-20 cm 5.89 5.66 5.12 1.04 1.15 1.1
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OkoHYaHue TabauLbl 5

Activity concentration (Bg/kg) [YoenbHas

Activity concentrations ratio [OTHOwWweHME

Site [MecTo] ?I?(f)gp:ligg:? aKTMBHOCTb (BK/kr)] YAENbHbIX aKTUBHOCTENA]
LU IRH IRB LU/IRH LU/IRB IRH/IRB
Berezovka [Bepé3oBka] 20-25cm 3.65 3.76 4.08 0.97 0.89 0.92
Median [MegnaHal 0.97 1.08 1.1
Mean [CpepnHsisi] 0.98 1.07 1.09
Standard deviation [CTaHaapTHOE OTK/IOHEHNME] 0.05 0.10 0.08

contamination of the environment, comparison tests of meth-
ods for quantitative determination of the content of the tech-
nogenic radionuclide '*’Cs in soil samples were performed.
Three laboratories of regular participants of the cooperation
and three laboratories from other organizations participated
in the study. Samples of cultivated soil from the Gomel region
(first stage of comparisons, 3 samples) and the Grodno region
(second stage of comparisons, 4 samples) of Belarus were
taken as the subjects for the tests. Results presented by the
participants were in satisfactory agreement with each other.
The maximum deviation from the average value calculated for
each sample according to individual results from the laborato-
ries was 14%. Stage-averaged deviations from the mean did
not exceed 10%. For the three laboratories (LU, IRH and IRB),
that participated in both stages (total number of samples =
7), statistical significance of the differences between pre-
sented results was evaluated. The differences in the LU/IRH
(median = 3%) and LU/IRB (median = 8%) pairs were statisti-
cally nonsignificant (P > 0.05). For the IRH/IRB pair, the ob-
served difference (median = 11%) was statistically significant
(P < 0.05). These differences and their statistical significance
should be considered when combining and interpreting the
results of measurements obtained in the laboratories-partici-
pants of the intercomparison.

Cuctematmnyeckne pasnuuvsa mexay nabopatopusmm
MO OGblTb CBSI3aHbl, MPEXAEe BCEro, C WUCMONb30BaHU-
€M pasHblX CTaH#ApPTOB AJi1 KannmbpOBKM CMEKTPOMETPOB.
Hanpumep, no gaHHeiM IRH, HeonpeneneHHoCcTb coaepxa-
HUS ramMma-msnyyarowmx pagvoHyKIMa0B B CTAHAAPTHbLIX
00bEMHBIX Mepax (pedepeHTHbIX UCTOYHMKAX M3Ny4eHust)
cocTaBnsieT 6-7% (Npv LOBEpPUTENbHOM BEPOSTHOCTU 95%).
Mpu noctpoeHun Kpmeon 3GOEKTUBHOCTU perncrpaummn
raMMa-KBaHTOB CMEKTPOMETPOM U MpPU MEepPexXoae OT CTaH-
OApTHOM MNIOTHOCTM pedepeHTHOro obpasua K peanbHoi
NAOTHOCTM 9KCMEepMeHTanbHoro obpasua cuctemaTmye-
cKast HeoNpPeAeNeHHOCTb MOXET YBENNYMBATLCS HA HECKOSTb-
KO NMPOLLEHTOB.

[ns HafeXHOM OLLeHKM BENNYUHBI CUCTEMATMYECKIMX pac-
XOXOEHWUI Mexay nabopaTopusiMmn HEOOXOAMMO UMETb Takoe
KONIMYECTBO Map HabMIOAEHWNA, KOTOPOE MO3BOMSET NpUMe-
HUTb COOTBETCTBYIOLLMIA CTAaTUCTUYECKNIA TECT. B 4acTHOCTH,
OJ11 OCHOBHbIX YYACTHUKOB CJIMYEHWUA TaKylo OLLEHKY Oka-
3a/710Cb BO3MOXHbIM CAeNaTbh C UCMOJSb30BAHMEM Hernapa-
METPUYECKOro Kputepust BunkokcoHa nocne oObeanHeHNs
pes3ynsTaToB MEpPBOro 1M BTOPOro 3TarnoB CAUYEHWU (Tabn.
5). Pasnununs B napax LU/IRH (megnaHa = 3%) n LU/IRB (me-
OmaHa = 8%) Oblnn cTaTUcTUYeckn HeaHadymmbimn (P > 0,05;
n=7). Bmecte c Tem, ans napsl IRH/IRB 06HapyXeHHbIe pas-
nmuus (megmana = 11%) okasanncb yxe CTaTUCTUYECKN 3HA-
yuMbimm (P < 0,05; n=7).

3akso4eHue

B pamkax npomoskaloLLerocs poccuincko-LwBeacko-oe-
JIOPYCCKOro COTPYAHMYECTBA MO OLEHKE PaanoakTUBHOIO
3arpsa3HeHuns okpyxatolleii cpeabl B 2016-2019 rr. 661510 Bbi-
MOJIHEHO CANYEHME METOAO0B KONMYECTBEHHOrO onpepene-
HUS CoOepXaHns TeXHOreHHOro paanoHyknnaa '*’Cs B npo-
6ax nNo4Bbl. B cnuyeHnn npuHsanm yqactue Tpy nabopaTtopum
NMOCTOSIHHbIX YH42CTHUKOB NMPOEKTA 1 TPW NPUCOEANHUBLUNECS
naéoparopum n3 Apyrux opraHn3aumii. B kayectee 0O0beKTOB
ONs cnndeHns 6biny B3aTbl 06pasubl KyNbTMBMPOBAHHON MO-
4Bbl 13 [OMeENbLCKOW 06nacTy (NePBbI aTan canyeHuin, 3 npo-
Obl) 1 MpogHeHcKol obnacTu (BTOPOI aTan cnnyeHuii, 4 npo-
6bl) Pecnybnukn Benapyck. MpencraBneHHble y4acTHUKaMM
pe3ynbTaThl U3SMEPEHUA HaxoOouIUCh B YOOBIETBOPUTENb-
HOM CXOXIEHUW Opyr ¢ ApyroM. MakcnmanbHOe OTKJIOHEHME
OT CPeAHEero 3HayeHus!, BbIYUCIIEHHOMO s KaXaol npoobsl
no VHAVBMAYaNbHLIM pe3ynsTataMm oT 1abopaTopuii, paBHs-
nocb 14%. YcpeaHeHHbIe No aTanam OTKIIOHEeHWS 0T cpeaHe-
ro He npesbiwann 10%. Ons Tpex nabopatopuin (LU, IRH 1
IRB), kOTOpble y4acTBOBaNM B 060MX aTanax CAMYUTENbHbIX
ncnbiTaHuii (o6Luee yicno npob = 7), 6bina n3ydeHa craTmc-
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THUYeckas 3HAYMMOCTb OOHAPYXEHHbIX Pasnunyuin B Npenc-
TaBfIEHHbIX pe3ynbrartax. Pasnnyma B napax LU/IRH (megn-
aHa = 3%) n LU/IRB (meguaHa = 8%) 6bliv CTaTUCTUYECKM
He3Haunmbimu (P > 0,05). nga napel IRH/IRB 06HapyXeHHbIe
pasnuums (MegnaHa = 11%) oka3annucb CTaTUCTUYECKN 3HA-
yuMbimu (P < 0,05). aHHbIE pasnuyuuns n nx CTaTMCTUYECKYHO
3HAYMMOCTb CNeAyeT YYUTbIBATb NPY OObEAMHEHNUN U NHTEP-
npeTaumm pesynsTaToB U3MEpPEHUIA, NOJTYHYEHHbIX (1 nosyya-
eMblIx) B 1TabopaTopursaX-y4aCTHUKAX CIIMYEHNIA.
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BepHxapaccoH Kpuctunan — PhD no meauumHe, OOUEHT, rpynna MeguumMHCKon Gusnkn, kadenpa TpaHCASILUOHHON Me-
OuumHbl, YHuBepcuteT JlyHaa, Manbmeé, LLseumsa

[OBopHuk AnekcaHpgp AnekcaHgpoBUY — KaHaMZaT GUONOrMYecknx Hayk, pykoBoauTenb nabopaTopun MoAenmpoBa-
HUSL 1 MUHMMU3AUUN aHTPOMOreHHbIX PUCKOB, MHCTUTYT paanobuonorum HaumoHanbHol akagemun Hayk benapycu, lomens,
Benapycb

BakapukoBa JXXaHHa BnagumupoBHa - 3amMecTuTeslb HauvaslbHMKA CAyXObl pPagvauMoHHONO MOHUTOPMHra,
Pecny6nvnkaHCKuniA LLeHTP Mo r’MAPOMETEOPOSIOrMA, KOHTPOJIIO PaaMO0aKTUBHOMO 3arpsi3HEHNS 1 MOHUTOPUHIY OKpYyXXatoLLel
cpenbl Pecnybnukun Benapyck, MuHck, Benapycb

Kapn6epr Onocg - KOHCYNbTaHT MO paavauMOoHHON 3aluMTe U MOHUTOPUHTY, LLIBeackoe areHTCTBO Mo paamaLyoHHON
6e3onacHocTu, CTokronbm, LLiseuus

BopoBaTtoB AnekcaHap BanepbeBuy — kaHauaat 61onorniecknx Hayk, 3aBeayowmii naboparopuein pagmaumoHHOM r-
rMeHbl MegUUMHCKMX opraHnaaumii CaHkT-eTepOyprckoro Hay4HO-1CCneoBaTeslbCKoro MHCTUTYTA pagnauMoHHON TMrneHbl
nmeHn npodeccopa N.B. Pam3aesa depepanbHoii ciyxObl N0 HaA30py B cdepe 3alumTbl Npas notpedbutenein n narononyqms
yenoseka, CaHkT-lMeTepbypr, Poccus

MoHccon MatTnac — uHxeHep-uccnefosartenb, rpynna MeULMHCKOR Guanku, kadenpa TPaHCASALUMOHHOM MeanLMHDI,
YuusepcuteT JlyHaa, Manbmé, LLseuns

Hekpacoe BnapgucnaB ApkagbeBu4 — MIAALLIMIA HayyHbIA COTPYOHWK NnabopaTopuu BHelwHero o6aydeHust CaHkT-
MeTepbyprckoro Hay4yHO-UCCenoBaTelbCkoro MHCTUTYTA pPagnalMoHHON rurveHbl MMeHn npodeccopa [1.B. Pam3aesa
denepanbHO cnyx0Obl MO HaA3opy B cdepe 3almThl NpaB noTpedbuTenen n Gnarononyyma yenoseka, CaHkT-MNeTepbypr,
Poccus
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