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N3mepeHune achchekTmBHON yaenbHON aKTUBHOCTN NPUPOAHDLIX
paavoHYKNNAOB in situ ANA OUeHKW MOLYHOCTU aMBueHTHOro
3KBUBaJIeHTa [03bl B rOPoOACKoOi cpefe

Pam3zae B.II., bapkosckmii A.H.

Cankr-IletepOyprckuii HayYHO-MCC/Ie0BATENbCKMIT MHCTUTYT paIvuallMOHHON TMIMeHbl UMEHM Tpodeccopa
I1.B. PamzaeBa, QenepanbHas ciyxkba 1Mo Han30py B cdepe 3allUThI IpaB IoTpeouTeneit
n Gnarononyuust yesnoseka, Cankr-IletepOypr, Poccust

B Hacmoswee epems MowHOCMb 0036l 2AMMA-U3AYHEHUS 8 8030YXe OM MEXHOLEHHbIX PAOUOHYKAUO08
Ha 3aepA3HeHHbIX 6 pesyabmame asapuu Ha TADC meppumopusx 3amMemno CHU3UAACH U 80 MHOUX CAYHASX
CPABHUMA C MOUSHOCTBIO 003bl 2AMMA-U3AYHEHUs Om NPUPOOHbIX paduonykaudos. [loamomy npu nposedenuu
OUeHKU 003 MEeXHOREHH020 00AyHeHUs HACeAeHUs IMUX MeppUmopUll O4eHb 8ajXCHO KOPPEKMHO OUeHUMb
8KAa0 npupodHo2o obayuenus. llpumenenue nonegoll eamma-cneKmpomempuu (UusmepeHus in situ) no3goasem
pewams 3my 3a0auy HenocpeoCmeeHHo Ha mecme 0e3 omoopa npod okpycaroujel cpedvl U nocAe0yuUX
aabopamophbix  uccaedosanuti. Jlia  usmepenuil in  Situ  Haubosee YOOOHO UCNOAB308AMb 2AMMA-
CHeKmpoMempbl, KOMOpble O00OHOBPEMEHHO UMEPIOM U MOWHOCMYb 003bl, U IPPEKMUBHYI0 YOeAbHYIO
aKmueHocms npupoOubix paduonykaudoe (“*Ra, *?Th u “K). Iocaednsas eeauuuna 00HO3HAUHO CEA3AHA
¢ MOWHOCMBI0 003l  2AMMA-UBAYHEHU OM NPUPOOHBIX DAOUOHYKAUO08 NpU  NPO8eOeHUU  U3MepeHull
6 ceomempuu  2r.  BosmoycHocmy  npumenenus  pe3yabmamos — usmepenus dgghexmugHol  yoeavHol
AKMUHOCIU O OMAUYHBIX OM 21t 2e0MempUll, 8 YacmHOCmU, 8 20po0CcKoll cpede, mpedyem 000CHOBAHU.
Lenvto danno2o uccaedosanus [61510Ch SMAUPUHECKOe OnpedeeHue COOMHOUeHUs Melcoy 3HAHeHUsMU
MOUWHOCIU AMOUEHMHO020 IKBUBAAEHMA 003bl OM HPUPOOHBIX PAOUOHYKAUOOE U Pe3yAbMmamamil UsmepeHus
appexmusHol yoeabHoU aKmueHoCmu npUpoOOHbIX pAOUOHYKAUOO0E in Situ 8 MURUMHBIX 20POOCKUX N0KAUUSX.
Mamepuans: u  memodsi: O0nospemennvle usmepenus (n = 170) obweli MowHoCmMU aMOUEHMHO20
aKeusaneHma 003vl U dQpekmusHou y0eabHol aKmueHocmu Oviau npogedersl 8 eopode Cankm-Ilemepbype
(Poccus) 6 eecenne-ocennuii nepuod 6 2017—2024 ee. ¢ ucnoav3osanuem HNOPMAMUEHO20 2aAMMa-
CneKkmpomempa-003umempa, PacnofoNCeHHoe0 6 pHK3aKe Ha cnuxe Y onepamopa. Pesyabmamol:
Tlo pesyabmamam usmepenuii in situ Obin GvivuUcAIeH KO3(@uyuenm nepexooa om 3ghheKkmusHol yOeabHol
aKmueHocmu K MOWHOCMU  ambueHmnoeo  oKeusasenma 003wl ((#38/4)/(br/ke)).  Cpeduss
geauvuHa * cmandapmuoe OmMKAOHeHUe Kodguuyuenma nepexoda 048 AOKAUUU  <YAUUA», <«06Op»,
«NAOWA0b»,  <HADEPENHCHAS», <«MOCH», <«HAPK-2A30H» U <«NAPK-NEWeX00Has OQ0POdNCKa»  COCMABUAA
0,55 = 0,02 (n = 70), 0,55 % 0,01 (11), 0,55 £ 0,02(10), 0,54 = 0,01 (9), 0,54 = 0,04 (16), 0,57 = 0,02
(27) u 0,54 = 0,01 (27) coomsemcmeenro. 3akarouerue: [loryuennvie 3nauenus Kodppuyuenma nepexooa
Moeym Obimb UCNOAB308AHBI NPU NPOBEOeHUU NeleX00HbIX 00cAed08anull 20po006 045 onpedeseHus 6KAaoa
NPUPOOHBIX PAOUOHYKAUAOB 6 CYMMAPHYIO MOWHOCHIb 003bl 2AMMA-UBAYYEHUs 6 CAydae PaouoaKmueHo20
3aeps3HeHUs. OKpycaroueti cpedbl.

KioueBbie cioBa: mowjHocms  003bl  eamma-usayvenusi, dexmusHas yoeavbHas aKmueHoCHb,
npupooHsvle paduoHykAUdbl, 20poockas cpeod.

Measurement of effective activity concentration of natural radionuclides
in situ for assessment of ambient dose equivalent rate in urban environments
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At present, the dose rate of gamma radiation from technogenic radionuclides in the territories contaminated
as a result of the Chernobyl accident has significantly decreased and, in many cases, is comparable to the dose
rate of gamma radiation from natural radionuclides. Therefore, when assessing the external doses
to the population at these territories, it is important to correctly evaluate the contribution of natural radiation.
The use of field gamma spectrometry (in situ measurements) allows solving this task directly on site without
collection of environmental samples and subsequent analytical procedures in laboratory. For the in situ
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Radiation measurements

measurements, it is most convenient to use the gamma spectrometers that simultaneouszly measure both the dose
rate in air and the effective activity concentration of natural radionuclides (***Ra, **’Th and *’K). The latter
value is unambiguously related to the dose rate of gamma radiation from natural radionuclides when
measurements are carried out in the 2 geometry. The possibility of using the results of measuring the effective
activity concentration in conditions different from the 2rn geometry, in particular, in an urban environment,
requires justification. The aim of the study was to empirically determine the relationship between the ambient
dose equivalent rate from natural radionuclides and the effective activity concentration of natural
radionuclides in typical urban locations. Materials and methods. Simultaneous measurements (n = 170) of
the total ambient dose equivalent rate and effective activity concentration were performed in the city of St.
Petersburg (Russia) in the spring-autumn period in 2017—2024 using a portable gamma spectrometer-
dosimeter. The device was placed in a backpack on the operator's back. Main results. Based on results of
the in situ measurements, the conversion coefficient from effective activity concentration to ambient dose
equivalent rate ((nSv/h)/(Bq/kg)) was calculated. The mean * standard deviation value of the conversion
coefficient for the location “street”, “courtyard”, ‘“square”, “embankment”, “bridge”, “park-lawn”,
and “park-footpath” was 0.55 = 0.02 (n = 70), 0.55 = 0.01 (11), 0.55 = 0.02 (10), 0.54 = 0.01 (9),
0.54 = 0.04 (16), 0.57 £ 0.02 (27), and 0.54 £ 0.01 (27), respectively. Conclusion. The obtained values
of the conversion coefficient can be used when performing walk surveys of urban areas to determine
contribution of natural sources to the total dose rate of gamma radiation in the case of radioactive
contamination of the environment.

Key words: gamma dose rate, effective activity concentration, natural radionuclides, urban environment.

BeepeHue

Mpwv NpoBeaeHNN N3MePEHUI MOLLLHOCTY J03bl raMMa-un3ny-
yeHus B Bo3ayxe (M) B yCnoBumsx paaroakTUBHOMO 3arps3HEHMS
MECTHOCTM BaXXHO KOPPEKTHO OLLEHUTb BKJ1AA, N3NyYeHUst OT Nnpu-
poaHbix paguoHyknmaoB (MPH). OcobeHHO HeoOXOAMMbIM 3TO
CTaHOBUTCS B TOM criydae, korga Bknag, ot [MPH B M/ aBnsieTcs cy-
LLECTBEHHbIM, HanpuMep, B C/lydae MNPOBEAEHUS U3MEpPEeHUn
Ha OTAaNEeHHOM 3Tane aBapum Ha YepHobblnbckor ASC (HASC).
B HacTosiee Bpems M, OT TEXHOreHHbIX PaAMOHYKIMAOB Ha 3a-
rPSIBHEHHBIX B pesynbrate aBapum Ha YASC Tepputopusx 3a-
METHO CHU3UIACh 1 BO MHOMMX Ciyyasix cpaBHmumMa ¢ M, ramma-
nanydenuns ot MPH [1, 2]. MpumeHeHme noneBoi rammMa-CcrnekTpo-
MeTpuu (M3mepenns in situ) nossonget oueHnTe M ot NPH Heno-
CPEeACTBEHHO Ha MecTe 6e3 oTbopa Npob okpyxatoLlel cpeapl
1 NocneayoLLmnx n1abopaTopHbIX nccnenosanuii [3, 4].

B Hanbonee npocTom crydae npv paBHOMEPHOM pacnpene-
neHun NPH B 6eCKOHEYHOM NONYNPOCTPAHCTBE (reomeTpust 21),
HanpuMep, B NOYBE, COOTBETCTBEHHO KaIMOPOBaHHbI NOpTaTUB-
HbIi raMMa-CneKTPOMETP WCMONb3YIT AN U3MepeHus in situ
yaenbHoit aktueHocTv (YA) MPH #°Ra (cemeiicTso “*U), **Th n “K
[5]. Ana Bblumcnenuna M/, (Ha BbicOoTe 1 M OT MOBEPXHOCTW 3EMN),
0OYC/IOBNEHHOM 3TUMU PaAVOHYKIMAAMM, YaCTO MPUMEHSIOT KO-
apPpuument nepexoga (KM) ot YA kaxaoro na atvx paguoHyKm-
[oB B no4se (bk/kr) K COOTBETCTBYIOLLEN MOLLHOCTY BO3AYLLUHOM
KEPMbI VN MOLLHOCTW MOMIOWEHHOM 03bl B Bo3ayxe (MM,
HIp/4) (Hanpumep, [6-9]). O6LLeynoTPEOUMbIMU ABNSIOTCS YNC-
neHHble 3HaveHus KM uns otyeta HKOAP OOH (Tabsn. 6 B UCTOYHMKE
[10]). Hapsioy ¢ KN ot YA MNPH k MM B nutepatype npeacras-
NeHbl KoadpdurLmeHTb! Anst nepexoaa oT YA U, **Th n “K B nouse
K COOTBETCTBYIOLLMM 3HAYEHUSIM OPYrON LLUMPOKO UCMONb3YEeMOn
ornepaLyVoHHON BENMYMHBI — MOLLHOCTW aMOVEHTHOrO 3KBMBA-
neHta no3bl (MA3, H3B/4) [8, 11]. Momumo yyeTa YA kaxkooro oT-
nenbHoro MPH gna BblumcneHns MAS/, raMma-uanydeHnst B BO3-
[yxe MpeniokeHo MCMoNb30BaTb MHTErPasIbHYIO BEINYMHY, 060-
3Ha4YaeMylo Kak «addekTnBHas yaenbHas aktBHOCTb» MNMPH (A,
Bk/kr) [12, 13]. B ycrnoBusix pagnoakTMBHOrO paBHOBECKS B psidax
Z5Un™*Th bopmyna [nist BeIMCTIEHVS! A,y IMEET CIIEAYIOLLINIA BUO

Aspp = Ara + 1,3 - Aqy + 0,09 Ay, )

Introduction

When measuring the dose rate of gammaradiation in the air
(DR) in conditions of radioactive contamination of the environ-
ment, it is important to correctly assess the contribution of ra-
diation from natural radionuclides (NRN). This becomes espe-
cially necessary when the contribution of radiation from NRN to
the total DR is significant, for example, in the case of measure-
ments in the late period after the Chernobyl accident. At pre-
sent, the DR from technogenic radionuclides in the territories
contaminated as a result of the Chernobyl accident has signifi-
cantly decreased and, in many cases, is comparable to the DR
from natural radionuclides [1, 2]. The use of field gamma spec-
trometry (/n sifumeasurements) allows assessing the DR from
NRN directly on site without collection of environmental sam-
ples and subsequent analytical procedures in laboratory [3, 4].

In the simplest case, with a uniform distribution of NRN in
an infinite half-space (2t geometry), for example, in soil, a suit-
ably calibrated portable gamma spectrometer is used to meas-
ure /in situ the activity concentration (AC, Ba/kg) of “’Ra
(the *®U family), **Th and “K [5]. A conversion coefficient (CC)
from the AC of each of these radionuclides in soil to the corre-
sponding air kerma rate or absorbed dose rate in air (ADR,
nGy/h) is often used to calculate the DR at a height of 1 m from
the ground surface (e.g., [6-9]). The numerical CC values from
the UNSCEAR 2000 report (Table 6 in [10]) are commonly
used. Along with the coefficients for the conversion from the AC
to ADR, the coefficients for the conversion from the AC of *°U,
**Th, and “K in soil to the corresponding values of another op-
erational quantity — the ambient dose equivalent rate in air
(ADER, nSv/h) — can be found in the literature [8, 11]. In addi-
tionto considering the AC of each individual NRN, it is pro-
posed to use an integral quantity designated as the “ef-
fective activity concentration” of the NRN (A, Bg/kg) to
calculate ADER [12, 13]. In the case of radioactive equi-
librium in the ***U and **Th series, the formula for calcu-
lating A.¢ has the following form':

Agss = ACpg + 1.3 - ACyp, + 0.09 - ACy (1)

' HopMbl paauaLmoHHoli 6esonacHoctv (HPB-99/2009): CanvTapHble npasuna u HopmMaTtuebl CanlH 2.6.1.2523-09. YTBepx/aeHbl NocTaHoBe-
Hvem [1aBHOro rocy4apCTBEHHOMO caHUTapHOro Bpada Poccuiickon depepaumm ot 07.07.2009 Ne 47. 3apernctpupoBaHbl B MMHUCTEPCTBE IOCTULMN
Poccuiickoii Penepaumnm 14 asrycta 2009 r., pervctpaumonHsiii Ne 14534. [Norms of Radiation Safety (NRB-99/2009). Sanitary Rules and Norms SanPiN
2.6.1.2523-09. Approved by the resolution of the Chief state sanitary doctor of the Russian Federation of 07.07.2009 No. 47. Registered by the Ministry of
justice of the Russian Federation on August 14, 2009, registration No. 14534. (In Russ.)].
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roeAga, Amn, Ak —YaenbHas akTuBHOCTL - Ra, “*Th u “K co-
OTBETCTBEHHO, BK/Kr.

B pabotax Ramzaev et al. [14, 15] 060CHOBaH aMNMPUHECKI
METOZ, MCNONBb30BAHWS BENNYMHBI Ay, [N ONPeaeneHns Bknaaa
MPH B 3HaveHre MAS/,. ABTopamu Obln NPUMEHEH KOMMEPYECKU
OOCTYMHbIN  ramma-cnekTpomeTp-go3mmetp  (FCA), koTopbli
C NMOMOLLIbIO BCTPOEHHOV MPOrpamMMbl aHauIM3a MosieBoro cnekTpa
NMO3BONISIET OAHOBPEMEHHO OMPELENUTb 3HAYEHUS Ay, U 00LLEN
BenuvHbl MAS/L. Ha pOoHOBbIX (PaiMoakTMBHO HE3arPA3HEHHbIX)
TEPPUTOPUSAX MOKa3aHO, YTO MMEETCH XeCTKash CBA3b MexXay
aTMKN aBymst BenudmHamun. Ins FC, koTtopblii 661 onpoboBaH
B paboTax [14, 15], 1 21 reoMeTpur NCTOYHMKA U3NTyHeHnst Oblio
NoJly4eHO 1 BEPUPULMPOBAHO YNCIEHHOE 3HAaYeHne Koadpduum-
eHTta nepexoga (KM, (H3B/4)/(BK/Kr)) OT A K BENMHMHE MAS/,
obycnosneHHo MPH (MA3 ). MpeanoxeHHbI MeToa onpene-
nenns Bknaga MNPH B 3HadeHne MAJ/L ¢ ncnonbL3oBaHMEM BENN-
YMHBI Aspe Obl YCNELLHO NMPUMEHEH st MONHOMACLUTAOHbIX 00-
CNefoBaHWI PaaN0aKTMBHO 3arpi3HEHHBIX U (POHOBbLIX TEPPUTO-
puin[1, 16]. 3T n3mepeHnst 6bLIN BeINOMHEHbBI HA, MOBEPXHOCTHLIO
B0bLUMX FPYHTOBbIX MAOLLAA0K B CENBCKOM MECTHOCTM (1yra, oro-
poabl, NOnst), TO eCTb TaM, FAe MOXHO Oblno Npeanonarats 4ocTa-
TOYHO paBHOMepHoe pacnpegenerve MPH B noyse no rnyéuHe n
Mo ropu3oHTaNN (reoMeTpus 21) 1, COOTBETCTBEHHO, MCMOb30-
BaTb 3Ha4eHve Kl onga Takon reoMeTpum pacnpeaeneHmnst NCTou-
HUKA N3NyHEHNsI.

MpumeHeHne Toro xe camoro 3HaveHuns KIN ons onpenenenys
BennynHbl MASdrey NPU @HaNM3E NOSIEBbIX CMEKTPOB, MOMYYEHHbIX
B YCNOBUSIX FOPOACKON Cpefbl, MOXET 0Ka3aTbCs HEKOPPEKTHBIM.
B ropoackunx yCnoBusiX ICTOYHWK U3yYEHMS NPeaCTaBNEH pasnny-
HbIMW CTPYKTYPaMU 1 31EMEHTaMU, PACTONOXEHHBIMU Kak ropu-
30HTa/ILHO (Y4aCTKM MOYBbI, YKL, BHYTPMABOPOBbIE MOLIAAKM),
TaK M BepTuKayibHO (ooma). Kpome Toro, pacnpegenenvie MNPH
B 9TUX CTPYKTYPHbIX 3NIEMEHTAX U MEXAY 3NIEMEHTAMN MOXET ObITb
BECbMa HepaBHOMEpPHbIM [17], 1 yCrnoBums 21 reoMeTpumn pacrpe-
[EeneHnst UCTOYHMKA W3NYYEHUsI Takke MOryT He cobmioaaThbes.
B aTnx ycnoBumsix HeonpeneneHHOCT 3HaveHne Agy, U3MEPSIEMON
CMEKTPOMETPUYECKN i Sifu, NpencTaBnsieT coboii HEKOTOPYIO
o606LUatoLLY0 BENMYMHY. J10 NPOBEAEHNST HACTOSILLIErO UCCNeno-
BaHVS OCTaBa10Cb HESICHBIM, HACKOJIbKO CTPOrO CBA3aHa 3Ta BeSv-
ynHa ¢ MAS e, M3MEPEHHON C MOMOLLBIO TOro e camoro MCA.
[nsa peweHns aToro Bonpoca 6610 NPEanpPUHSTO UccneaoBaHe
Ha ¢oHOBOI (6€3 PaaMOaKTVBHOIO 3arpsiBHEHNST TEXHOMEHHLIMU
pPaanoHyKNIaamMmn) TEPPUTOPUM B Pa3HOOOPa3HbIX YCNOBUSIX FO-
POACKOW 3aCTPONKN. ST YCNOBUS aAleKBATHO OTPaXKAIOT NpakTuye-
CKV BCE BO3MOXHblE KOHGUIrypaLmm, BCTPEHAIOLLMECS B rOPOAE.

Llenb uccnepoBaHua — SMNMPUYECKOE ONpPeaeneHne Ymc-
JNieHHbIX 3HaveHuin KM oT namepeHHoro ¢ ncnons3osaHvem MCZ,
3Ha4eHUs! Ay K MAD ey B rOpOAE 419 TUMMYHBIX JIOKALWIA, pac-
NOJIOXXEHHbIX BHE MOMELLEHUIA.

Marepuam.l n metoabl

MoneBble vccnenoBaHus ObinM NpoBefAeHbl B AoMupanTeii-
ckom, BacuneoctpoBckom, Bbiboprckom, Mockosckom, lMeTpo-
rpagckom u LieHTpanbHoM palioHax ropoga CaHkt-MNetepbypra
(Poccus) B BeceHHe-oceHHun nepuog, 2017-2024 rr. Tepputopust
ropoga He nosilydmna ckosnb MO0 CYLLECTBEHHOINO PaanoaKTUB-
HOro 3arpsidHeHVs nocne asapuu Ha YepHoObinbckon ASC [18].
[ns npoBeneHnsi amepeHuii 6binm BelbpaHbl lokaumm, Xxapakrep-
Hble )11 FOPOACKOM cpeabl: ynuua (27 HaumeHoBaHui), agop (11),
nnowaab (7), napk (24), HabepexHas (9) n mocT (10). AaHHble no-
KaLMn MECTHbIe XUTENN 1 NpuesXmne NCMNonb3yloT 471 nepenBn-

where ACg,, ACrp, ACk is the activity concentration of
*Ra, *Th, and “K respectively, Bq/kg.

In the studies by Ramzaev et al. [14, 15], an empirical
method of using the A value to determine contribution of
the NRN to the total measured ADER value was proposed. The
authors used a commercially available gamma spectrometer-
dosimeter (GSD), which, with the help of a built-in program for
analyzing field spectra, allows one to simultaneously determine
the A.rand total ADER values. It was shown that there was a
strict relationship between these two variables in background
(uncontaminated) territories. For the GSD, which was tested in
the works [14, 15], and for the 2m geometry of the radiation
source, the numerical value of the coefficient of conversion
(CC, (nSv/h)/(Bg/kg)) from Ay to the ADER value associated
with the NRN (ADER\sv) was deduced and verified. The pro-
posed method for determining contribution of the NRN to the
total ADER value using the value of A, was successfully applied
for full-scale surveys of radioactively contaminated and back-
ground territories [1, 16]. The measurements were performed
over the surface of large soil plots in the rural environments:
meadows, vegetable gardens, fields. For these locations, it was
possible to assume a fairly uniform distribution of the NRN
in the soil in depth and horizontally (the 2t geometry) and, ac-
cordingly, use the CC value for such geometry of radiation
source.

The use of the same CC value for determining the ADERgsy
value may be incorrect when analyzing field spectra measured
in urban environments. In the urban space, the radiation source
is represented by various structures and elements located hor-
izontally (soil areas, streets, courtyard areas) and vertically
(houses). In addition, the distribution of the NRN in these struc-
tural elements and between the elements can be quite uneven
[17], and the conditions of 2t geometry may also not be met.
Under these conditions of uncertainty, the value of As meas-
ured spectrometrically /n sifuis a conditional value. Before this
study, it remained unclear to what extent this value was strictly
related to the ADER\sy measured using the same GSD. To re-
solve theissue, a study was undertaken on a background (with-
out radioactive contamination by technogenic radionuclides)
territory in various urban locations. These adequately reflect al-
most all possible configurations encountered in a city.

The aim of the study was to empirically determine the CC
from the /n sifumeasured value of A to ADERs value for typi-
cal outdoor locations in a city.

Materials and Methods

The field studies were conducted in the Admiralteysky, Va-
sileostrovsky, Vyborgsky, Moskovsky, Petrogradsky and Tsen-
tralny districts of St. Petersburg (Russia) in the spring-autumn
period in 2017-2024. The city territory was not contaminated
after the Chernobyl accident [18]. The locations typical for the
urban environment were selected for the survey: “street”
(27 names), “courtyard” (11), “square” (7), “park” (24), “em-
bankment” (9), and “bridge” (10). The locations are used by lo-
cal residents and visitors for the purpose of travel and recrea-
tion within the city. However, for some categories of the popu-
lation (for example, janitors, couriers and gardening workers),
being outdoors is also associated with professional activities.

The roadway of the surveyed streets and avenues had as-
phalt surface, and the sidewalks (pedestrian parts) were cov-
ered with asphalt or with slabs (tiles) made of stone or concrete.
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XEeHWs 1 oTabIxa B npegenax ropoga. OaHako Ais HEKOTOPbIX Ka-
TEeropuii HaceneHns (Hanpumep, ABOPHUKK, Kypbepbl 1 paboT-
HMKN Ca0BO-MapkoBbIX XO3ANCTB) NPeObIBAHME BHE NMOMELLEHUN
CBS3aHO Takxke C NPOGECCOHaNBLHOM AeATENbHOCTBIO.

Mpoe3xas 4acTb 06CNen0BaHHbIX YL, U NMPOCMEKTOB UMena
acdanbToBOE MOKPbITUE, a TPOTyapbl (NewexoaHas 4acTb) Obinn
NOKPbITbI G0 acdansTom, MO0 NAMTaMK (MANTKaMU) U3 KaMHSE
nnn 6etoHa. [1Bopbl MMenu NoKpbITVE 13 acdansTa Uy NInToK; B
HEKOTOPbIX OBOPax WMENNCb 3eMJISHbIE Y4acTKW, Ha KOTOPbIX
pocnn OepeBbsi, KyCTapHUKK 1 Tpaea. lNnowaan nmenn achasb-
TOBOE W/WNN NAUTOYHOE MOKpbITME. B nokauumn «napk» (coga
BKJIO4ANM TaKkxke MoLaaku, KoTopble nmenn dopmanbHoe 060-
3HayeHVe Kak «CKBep» 1 «Caf») MOXHO Obl10 BbIAENUTL ABa OC-
HOBHbIX CTPYKTYPHbIX 3/IEMEHTA: ra30Hbl 1 JOPOXKW. [ocneaHne
WUMENN UCKYCCTBEHHOE MOKPbITUE, MPeACTaBEHHOE C MOBEPXHO-
CTWN rPaHUTHOM KPOLLIKOK, GETOHHLIMM MANTKaMM U achanbToM.
BonbLUMHCTBO 06CNeN0BaHHbIX CErMEHTOB HaBepeXHbIX BblI0 Mo-
KPbITO rPaHUTHBIMW MAUTaMu. B HEKOTOPBIX Clyyasix BECb CErMEHT
WMEN rPaHNTHOE OrPaxXaeHne CO CTOPOHbI pekn Hesbl. O6cneno-
BaHHblE MOCTbI Yepes KpyrHble pykaBa pekv Hesbl Bbinn nocTpo-
€Hbl U3 KaMHs 1 MeTanna. [poesxas v nelexogHas 4acTb Taknux
MOCTOB Obina nokpbiTa acdanstom. O6cnefoBaHHble HamMKU He-
60sbLIME MOCThI Hepe3 Meskne pykasa pekv HeBbl Bbinn NoCTpo-
€Hbl B OCHOBHOM 13 METa/1N1a 1 AepeBa.

Lns nameperHns MAS, n Ay, MCNOB30BASIM FaMMa-CNeKTPo-
mMeTp-po3numeTp MKC-AT6101 dupmbl <KATOMTEX>» (Benapycb)
[19]. Mpubop cocTonT N3 6yoka AETEKTUPOBAHUS C LIUIMHAPUYE-
ckum kpuctannom Nal (anametrp = 63 MM, BbicoTa = 63 MM)
n 6noka ynpaeneHusi. JHepreTnyeckoe paspeLleHne geTektopa
MO IVHAW ramma-uanydeHus 662 kaB (ot '“Cs—'"""Ba) pasHO
8,5 %. CymmapHoe 3Ha4veHne cobCTBEHHOro hoHa npmbopa n ero
oTKIMKa Ha kocmumyeckoe uanydeHne (MASO4.., H3B/4) Oblno
onpeaeneHo Npy NpoBefeHN n3MepeHnii Ha nbay PrHckoro 3a-
nmea. BennumHa MAS /., paBHsinace 8 H3B/4.

B ycnosusx ropoza npuv 605bLLOM KONMYECTBE JII0AEN Ha yimLax
1 B OPYrvX N3YHEHHbIX JIOKaLMsIX Obl1o Obl BECbMa 3aTPYOHUTENBHO,
a TO N TEXHHECKM HEBO3MOXHO, VICMOJb30BATb KNACCUYECKYIO CXEMY
n3MepeHuni in sifu: paameleHne NC, Ha TpeHOXHYIKe Ha BbicoTe 1M
Ha[, MOBEPXHOCTHIO. B 3TOM CBS3U Mbl MPUMEHW COBPEMEHHbIV Ba-
pViaHT MPOBEAEHNS U3MEPEHUI C pasMeLLieHeM nopTatneHoro MCA
B PIOK3aKe Ha CrnvHe y orepartopa, KOTopbIi MOXET CBOOOAHO nepe-
[OBUraTbCs Mo MECTHOCTU. B Luenom psige nccnenosaHuin nokasaHo,
4TO 3Ta CXemMa ABNSeTCs yA0OHOM 1 3 dEKTMBHOM /15 ONEPaTUBHOIO
KOHTPOSISI PaaMauMOHHOM 0OCTaHOBKM Ha MecTHocTu [17, 20-24].
Mcnonb3oBaHne Takoro MobunbHOro CpeacTsa M3MepeHsi No3Bo-
NSET ONPeaenTb NPOCTPaHCTBEHHbIE BapraLyn B PaAVIOHYKIIMOHOM
COCTaBe 3arpsi3HeHIst, MOY4UTb AaHHbIE O PacMpeneneHn 3arpsas-
HEHWNS HA TEPPUTOPUN W/WN YCTAHOBUTL JIOKUIN3ALMIIO UCTOYHUKA
N3Ny4eHVs, a Taioke KapT1pOoBaTb BapyaLyivi MOLLIHOCTV A03bl raMMa-
N3Ny4eHVst B BO3OYXE.

Mepen, kaxapiM BbIXOAOM HAa MapLUpyT MPOBOAUAN Kannb-
POBKY aHepreTuyeckor wkanbl FCL, ¢ ncnonb3oBaHneM To4eu-
HOrO UCTOYHMKA ramma-uanyyeHust " Cs. Brok AeTeKTMpoBaHus
pasmMeLLan KpUCTalIoM BHU3 B PIOK3aKe Ha CMVHE Y CTOSALEro
onepartopa Takum 06pa3oM, YTOBbl PACCTOSIHUE MEeXy NnoBepxX-
HOCTbIO M0J1a M LLEHTPOM KpucTanna coctasnsno 1 M. bnok ynpas-
NEHVS Pa3MeELLIANV B TOM Xe PIoK3ake B GUKCMPOBAHHOM MOOXe-
HUN PSIAOM C BepxXHeit YacTbto 6r1oka aeTekTnposaHust. Bec one-
paTopa BMeCTe C 04EeXA0M BapbmpoBasics OT 69 o 72 kr. Poct
onepatopa paeHsics 170 cm.

MamepeHne ramma-cnekTpoB MNpPOBOAMIM B CyXyl0 MOromy
BO BpEMSI NMepeMeELLIEHMsI orepaTopa Mo UccnenyemMbiM o6bekTam
B Mpeaenax vx neLuexoaHol Yactu. Ha ynmuax, npocnekrax 1 6onb-
LUMX MOCTax OTAENBHO 06CNe0BaIN YETHYIO M HEYETHYIO CTOPOHBI.
Ynuupl, kak Npasuio, 06cneaoBann Nno BCen anmHe, a Ha npocnek-
Tax BbIAENANN NPOTSHXKEHHbIE Cekummn. B napkax, cksepax n cagax

The courtyards had the asphalt or tile surfaces; some court-
yards had earthen areas with trees, bushes and grass.
The squares had the asphalt and/or tile surface. In the location
“park” (it also included areas that had a formal designation of
“square” and “garden”), two main structural elements could be
distinguished: lawns and paths. The latter were covered by the
pressed granite chips and gravel, concrete tiles or asphalt.
Most of the surveyed embankment segments were covered
with granite slabs. In some cases, the entire segment had
a granite fence on the side of the Neva River. The surveyed
bridges over large branches of the Neva River were built of
stone and metal. The roadway and pedestrian parts of such
bridges were covered with asphalt. The small bridges we sur-
veyed across shallow branches of the Neva River were built
mainly of metal and wood.

We used the MCS-AT6101D gamma spectrometer-dosim-
eter from ATOMTEX (Belarus) [19] to measure A and the total
ADER. The device consists of a control unit and a detection unit
with  a cylindrical Nal crystal (diameter = 63 mm,
height = 63 mm). The energy resolution of the detector for the
662 keV gamma radiation line (from "“'Cs-"""Ba) is 8.5 %.
The total value of the device’s own background and its re-
sponse to cosmic radiation (ADER,,, nSv/h) was determined
during measurements on the ice surface of the Gulf of Finland.
The ADER,, value was 8 nSv/h.

In the urban space with a large number of people on
the streets and in other studied locations, it would be very diffi-
cult (if notimpossible technically) to use the conventional /n situ
measurement setup: placing a GSD on a tripod at a height of
1 m above the surface. In this regard, we used the modern ap-
proach to taking measurements with the placement of a porta-
ble GSD in a backpack on the operator’s back. The operator
could freely move around the area. A number of studies has
shown that this approach is convenient and effective for oper-
ational monitoring of the radiation environment on the ground
[17, 20-24]. The use of such a mobile measuring system al-
lows one to: 1) determine spatial variations in the radionuclide
composition of contamination, 2) obtain data on distribution
of a contaminant in the space, 3) locate position of a solid radi-
ation source, 4) make dose rate distribution map.

Before each route, the energy scale of the GSD was cal-
ibrated in laboratory using a point source of *'Cs gammara-
diation. The detection unit was placed with the crystal down
in a backpack on the back of a standing operator so that
the distance between the floor surface and the center of
the crystal was 1 m. The control unit was placed in the same
backpack in a fixed position near the top of the detection
unit. The operator's weight with clothing varied from 69 to
72 kg. The operator's height was ~170 cm.

Gamma spectra were measured in dry weather while the
operator was moving within pedestrian zone at the sites under
study. On streets, avenues and large bridges, the even and odd
sides were surveyed separately. As a rule, streets were sur-
veyed along their entire length; extended sections were allo-
cated on avenues. In parks and gardens, spectra were meas-
ured on pedestrian paths and separately on lawns. Due to this,
the total number of the measured spectra (171) exceeded
the number of names of the sites under study (83). The opera-
tor’s walking speed varied from 2 to 4 km/h. The duration of a
spectrum measurement was in the range from 160 to 1288 s
(mean = 516 s). The variation depended mainly on length of
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M3MepPEHVE CMEKTPOB NMPOBOANIV HA NELLEXOAHBIX JOPOXKAX 1 OT-
[enbHO Ha rasoHax. B cBs3u ¢ a1um, obLuee Yncno 3MepPEeHHbIX
cnekTpoB (171) npeBbilano YACIO HaUMeHOoBaHWN 0OCcnenoBaH-
HbIX 06beKToB (83). CKOpOCTb ABMXKEHWSI onepaTopa BapbupoBa-
nack OT 2 oo 4 kM/4. MNMpoaomKMTENBHOCTL M3MEPEHNST CMIEKTPOB
Haxoawnace B avana3oHe ot 160 oo 1288 cexkyHa, (cpenHss =516 ¢).
Pa3bpoc 3aBrcen B OCHOBHOM OT A/MHbI 0OCNea0BaHHbIX YL, 1
MOCTOB, a TakXe BblAENEHHbIX CEKLVMIA NPOCMEKTOB, HABEPEXHDBIX 1
nopoxek. CunTbIBaHNE, BUSYaSTbHYIO OLIEHKY W MHCTPYMEHTAIbHbIN
aHaNIM3 M3MEPEHHBIX CMEeKTPOB MPOBOAMIM MOC/E BO3BPALLEHUS
C MapLupyTa B nabopaTtopuu. 1ns SToro crnosnib30Bav NporpaMmmy
ATAS Lite (ATOMTEX). OTHOoCUTENbHasA CTaTUCTMYECKast Heonpeae-
JIEHHOCTb M3MepeHus (Npu 95 % BepOATHOCTU) A BapbMpoBana
oT 7 0o 28 % (cpeaHsa = 12%). Cratmuctmyeckasl HeonpeneneH-
HOCTb M3mMepeHns MAS/, He npeBbiana 5 % (95 % BepOSTHOCTD).

Cratmctnyeckyto 06paboTKy Nosyd4eHHbIX AaHHbIX MPOBOLAMIIN
¢ ncnonb3oBaHmemM EXCEL for Windows 1 on-line nnatgopmbl oT-
KPbITOrO AOCTYNa.

PesynbTaTtbl n 06cyxaeHue

Kaxk 6b110 yka3aHo BbiLLEe, B 0OLLEN CIOXHOCTU HamK Obln n3me-
peH 171 nonesow cnekTp. MNpu Bu3yanbHoM aHanmae 170 cnekTpo-
rpaMm OblsI0 OTMEYEHO MPUCYTCTBME MUKOB XapaKTEPHbIX TONbKO
ons NMPH (npymepsbl AaHbl Ha pyuc. 1). B ogHoM cnyyae (cnekTp na-
MepeH Ha yn. PeHTreHa B [MeTporpaackom panoHe) 6bi1 06Hapy>KeH
aHOMaUTbHbIM MK € 3Heprmnelt 140 k3B OT TEXHOreHHOro paamo-
Hyknuaa *"Tc, KOTOpbI LIMPOKO MPUMEHSIETCS! B SIepHOI Meau-
uMHe Ois AWMarHoCTMKW. Ha cnekTpe, M3mMepeHHOM Ha TOM Xe
MapLLpyTe MOBTOPHO, MWK C aHeprner 140 kaB He Obin HanaoeH
(puc. 2). Mbl npegnonaraem, 4To MOBWIIbLHLIM HOCUTENEM UCTOY-
HMKa TEXHOMEHHOTO U3NyHeHNs ABNSICS aMOynaTOPHBIA NMauMeHT,
KOTOpPbI BO BPEMSI OOHOrO U3 HALMX M3MEPEHUI MPOXoaun no
yn. PeHTreHa nocne 06¢cnenoBaHus ¢ MCMOb30BaHEM NMpenapara,
coAepaBLUero 3ToT PaAVOHYKINA,: Ha yN. PEHTreHa pacrnonoXeHo
paavonornyeckoe otaeneHne knnHuk Mepeoro CaHkT-MeTepOypr-
CKOr0 roCydapCTBEHHOMO MEOULIMHCKOrO YHUBEPCUTETA WUMEHU
akagemuka W.M. Maenosa. CnexTp, N3MEPEHHbI B MPUCYTCTBIN
TEXHOMEHHOMO MCTOYHKIKA, Obl UCKITIOHEH 13 0BLLEN CTAaTUCTUKU.

PesynbTathbl CTAaTUCTMYECKOrO aHaM3a ONPEOENEHHbIX B KaX-
0o nokaumm 3HaveHnn MASL, 1 Aoy, @ TAKKE BbIYMCIIEHHBIX COOT-
HOLLEHWI 3HaYeHWn MAS/, nocne BblunTaHus BenundnHbl MAS Dy,
(MA3/ o, H3B/H) 1 Ay NPencTaBneHbl B Tabnuue. Bo Bcet Bbl-
6opke 3Ha4eHnst MA3/], BapbmpoBanv oT 17 4o 234 H3B/4, a Asyy —
o1 17 no 420 bk/kr. B npenenax 0AHO 1 TOM Xe TIOKaumm BeSIMHUHbI
MAS/, 1 Ay BAPbUPOBAIN B MEHBLLEN CTEMNEHWN, OOHAKO B 60s1b-
LLUMHCTBE Nlokauuii pasbpoc MexXay MUHMMaJIbHbIM 1 MakCUMaslb-
HbIM 3HayeHusiMK Obln Gosnee 4eM [AByKpaTHbIM. Oxumoaemo
HavMeHbLUMe BennunHbl MAS/, n Ay, Obln onpeaeneHsl Ha Ma-
JIEHBKMX MOCTaxX, CAeNaHHbIX U3 Aepesa 1 MeTasna, a HaubosnbLume
3HaYeHUs U3YYEHHBbIX NepPeMeHHbIX — Ha ynuLax, NioLaasx 1 Habe-
PEXHbIX, UMEIOLLMX FPAHUTHOE MOKPbITUE FOPU3OHTAIBHON MOBEPX-
HocTn. CpegHue 3HadeHnss MA3L., (191+£19 H3B/M) N Ay
(853 + 37 Bk/Kr) B MECTax C rpaHUTHbIM NOKPbITMEM (N = 17) Oblnn
no4TK B ABa pasa 6osbLue, yem TakoBble (MAS A, = 102 £ 14 H3B/Y;
Ao = 185 = 26 Bk/Kr) B MECTaX, UMEIOLLMX MOKPbITUE N3 achanbTa
1/viny GETOHHBIX MANTOK (N = 67). OT4eTMBas pa3HULA (B CpEOHEM
B JBa pa3a) B BENMYMHAX UCCe0BaHHbIX NokasaTesen Oblia obHa-
py>XeHa Mexay razoHamu (OCHOBHOW MaTtepuas — CaaoBast Mo4Bsa)
N CKYCCTBEHHbIMW AOPOXKaMK B napkax (tTabnuua, puc. 3). 310
TaloKe CBSA3aHO C MPUCYTCTBMEM MPAHUTHOM KPOLLIKM U LLEGHS B MO-
KpbITVM Y BONBLUMHCTBA M3 06CNen0BaHHbIX OPOXEK. CXOOHYIO 3a-
BucuMocTb M, OT Buaa martepvana, KOTopbii Oblil MCMOb30BaH
07151 NOKPbITUS FOPU30HTASTbHBIX MOBEPXHOCTEN B rOPOACKON Cpeae,
0BHapPYXMM 1 apyrne aBTopbl [25-27].

streets, bridges and the allocated sections of avenues, em-
bankments and paths. Reading, visual assessment and instru-
mental analysis of the measured spectra were performed after
returning from route to laboratory. For this purpose, the ATAS
Lite (ATOMTEX) software was used. A statistical uncertainty of
the A measurement (at the 95 % confidence level) varied from
7 t028% (average = 12%). A statistical uncertainty of
the ADER measurement did not exceed 5 % (at the 95 % confi-
dence level).

Statistical processing of obtained data was performed us-
ing EXCEL for Windows and the open access online platform®.

Results and Discussion

As indicated above, we had measured a total of 171 field
spectra. Visual analysis of the 170 spectrograms revealed
peaks characteristic only of natural radionuclides (the exam-
ples are provided in Fig. 1). In one case (the spectrum was
measured on the Roentgen Str. in the Petrogradsky district), an
anomalous peak with the energy of 140 keV from the techno-
genic radionuclide ®"Tc was detected. The radionuclide is
widely used in nuclear medicine for diagnostics. The peak with
the energy of 140 keV was not found in the spectrum measured
on the same route surveyed repeatedly (Fig. 2). We assume
that the mobile carrier of the man-made radiation source was
an outpatient who, during one of our measurements, was walk-
ing along the Roentgen Str. after a medical examination using
a drug containing this radionuclide. On the Roentgen Str. there
is the radiological department of the clinics of the First Saint Pe-
tersburg State Medical University named after Academician
I.P. Pavlov. The spectrum measured in the presence of the
technogenic source was excluded from the general statistics.

Results of statistical analysis of the measured values of
ADER and A for each location, as well as calculated ratios of
the ADER values after subtracting the value of ADER,, (ADER..,
nSv/h) to the A.svalues are provided in Table. In the entire sam-
ple, the ADER and A values varied from 17 to 234 nSv/h and
from 17 to 420 Bq/kg, respectively. Within the same location,
the values of ADER and A varied to a lesser extent: amore than
twofold difference between the minimum and maximum values
was observed for majority of locations. As expected, the lowest
values of ADER and Ay were determined on small bridges
made of wood and metal. The highest levels of the studied var-
iables were determined on streets, squares and embankments
with the granite paving of horizontal surfaces. The average val-
ues of ADER., (19119 nSv/h) and Ay (353 =37 Bqg/kg)
in places with granite pavement (n = 17) were almost twice as
high as those (ADER., = 102 + 14 nSv/h; A, = 185 = 26 Bq/kg)
in sites with the asphalt and/or concrete slab pavement
(n=67). Asimilar difference (on average, two-fold) in values of
the studied variables was found between lawns (the mait ma-
terial is garden soil) and artificial paths in parks (Table, Fig. 3).
This is also associated with the presence of granite chips and
crushed stone in the pavement of most of the surveyed paths in
parks. A similar dependence of DR on the type of material used
to cover horizontal surfaces in the urban environment was re-
ported by other authors [25-27].

# NocTynHo o cebinke [Available from]: https://www.socscistatistics.com (Jata o6patienusi: 01.03.2025 [Accessed March 01, 2025]).
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Puc. 1. MNpumepbl CNEKTPOB raMmma-nsny4eHunst, U'SMepPEHHbIX Ha ynmuax 1 B napkax CaHkT-MNetepOypra. [MoBepxHOCTb
TPOTyapoB B OCHOBHOM MOKpPbITa acdasnbTtoM Ha yin. Mypa 1 rpaHUTHLIMU narTkamm Ha HeBckom npocnekTe. [MoBepxHOCTb
neLLexoiHbIX JOPOXeEK B Napke (AnekcaHapoBCKMiA Napk) MOKPbITa MPaHUTHBIM LLEOGHEM 1 OTCEBOM.

Yka3saHbl OCHOBHbIe nuku MNPH

[Fig. 1. Examples of the gamma-spectra measured at streets and parks in Saint Petersburg. The sidewalks surface was mainly
covered with asphalt at the Mira Str. and with granite paving slabs at the Nevsky avenue. The surface of footpaths at the park
(Aleksandrovsky park) was covered with granite gravel. The major peaks of natural radionuclides are indicated]

100000

10000

1000

100

Umnynbc/kaHan/600 c [Pulse/channel/600 s]
)

140 keV (*"Tc)

583+609 keV (U8TI+214Bi)
911+669 keV (28Ac)
1460 keV (0K)

l 1764 keV (2“Bi)
l 2615 keV (25T1)

1 ——anomamus [anomaly]
——(oH [background]
40 540 1040 1540 2040 2540

AHeprus (kaB) [Energy (keV)]

Umnynbc/kanan/600 c [Pulse/channel/600 s]

14000

12000

10000

8000

6000

4000

2000

0

140 keV (*"Tc)

|

—e—anomanus [anomaly]

—o—on [background]

40

240 340 440

AHeprua (k3B) [Energy (keV)]

140

Puc. 2. ®oHOBbIN (0ObIYHbIN) 1 aHOMaSTbHBI FaMMa-CreKTPbI, UBMEPEHHbIE HA Y. PeHTreHa: (A) — CnekTpbl MOHOro
3HepreTnyeckoro ananasoHa (40-2800 kaB); (B) — y4acTkm cnekTpos (40-500 kaB),

00603Ha4YeHHbIe KpacHOM CkoOKOoM Ha naHenn A
[Fig. 2. The background (ordinary) and anomalous gamma-ray spectra measured at the Roentgen Str.: (A) — full energy range
spectra (40-2800 keV); (B) — the spectra sections (40-500 keV) indicated by a red bracket at the panel A]
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Tabma
00600LLEeHHas CTaTUCTUKA Pe3yNbTaTOB U3MePeHUil Ay, 1 MAD/[,, u oTHOLEHNS BenuuuHbl MAS/] nocne BblMUTaHUA BK1aAa
KOCMUWYECKOro usny4yeHus U coocteeHHoro ¢poHa npuéopa (MAIDA,..,) K BenuumnHe A,yp B JIOKALMAX <yNINLLA», «OBOP>»,
«nnoLwaab», «nNapkK-aA0P0XKa», «MapK-ra3oH», <HabepexxHas» u «MocT» B ropoge CaHkr-MNMetepoypre 8 2017-2024 rr.
Yucno nsamepeHunii AaHo B CKOOKax

[Table
Summary statistics of results of the A.: and ADER measurements, and the ratio of the ADER value after subtracting
the contribution of cosmic radiation and the device's intrinsic noise (ADER,,,) to the A value in the locations “street”,
“yard”, “square”, “park-path”, “park-lawn”, “embankment”, and “bridge” in the city of St. Petersburg in 2017-2024.
The number of measurements is given in brackets]

MapameTp MA3/, H3B/4 A BR/KT MA3L, oo/ Assss, (H3B/4)/(BK/KT)
[Parameter] [ADER, nSv/h] [As, Ba/kg] [ADER.,/A«, (nSv/h)/(Ba/kg)]
ynmua [street] (70)

MwuHMym [Minimum] 74 117 0,52
Makcrmym [Maximum] 216 385 0,57
MegunaHa [Median] 116 195 0,55
CpepHsia [Mean] 122 207 0,55
C.o.[SD] 29 54 0,01

KB (%) [CV (%)] 24 26 1,8

ngop [courtyard] (11)

MwuHuMyMm [Minimum] 99 158 0,54
Makcrmym [Maximum] 148 260 0,58
MepnuaHa [Median] 120 202 0,56
CpepHsist [Mean] 122 206 0,55
C.o.[SD] 17 33 0,01

KB (%) [CV (%)] 14 16 2,5

nnowaap [square] (10)

MwuHuMym [Minimum] 79 123 0,52
Makcrmym [Maximum] 216 386 0,58
MepnuaHa [Median] 157 275 0,54
CpepHsst [Mean] 149 260 0,55
C.o.[SD] 49 97 0,02

KB (%) [CV (%)] 33 37 3,4

napk-gopoxka [park-footpath] (27)

MwuHuMym [Minimum] 86 151 0,52
Makcrmym [Maximum] 183 327 0,55
MegaunaHa [Median] 140 245 0,54
CpepHsia [Mean] 134 234 0,54
C.o.[SD] 30 56 0,01

KB (%) [CV (%)] 23 24 1,7

napk-ra3oH [park-lawn] (27)

MwuHMyMm [Minimum] 44 59 0,53
Makcrmym [Maximum] 91 145 0,61
Mepnwana [Median] 66 102 0,58
CpepHsisi [Mean] 68 105 0,57
C.o.[SD] 10 19 0,02

KB (%) [CV (%)] 15 18 3,2

HabepexHas [embankment] (9)

MwuHMyMm [Minimum] 63 98 0,53
Makcrmym [Maximum] 234 420 0,56
MepnuaHa [Median] 189 327 0,54
CpepHsisi [Mean] 154 271 0,54
C.o.[SD] 72 135 0,01

KB (%) [CV (%)] 47 50 2,1
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OKOHYaHme TabsiiLib

MapameTp MA3[, H3B/4 Ao BK/KT MAS, .o/ Acosss (H3B/4)/(BK/KT)
[Parameter] [ADER, nSv/h] [As, Ba/kg] [ADER./As, (NSv/h)/(Ba/kg)]
mocT [bridge] (16)
MwuHuMym [Minimum] 17 17 0,47
Makcrmym [Maximum] 120 214 0,65
MepnuaHa [Median] 84 134 0,53
CpepHsia [Mean] 74 123 0,54
C.o.[SD] 35 67 0,04
KB (%) [CV (%)] 48 54 7,7

*C.0. — cTaHgapTHoe oTkJIoHeHue [SD — standard deviation]; KB — koadpdurupmeHT Bapnaumm, % [CV — coefficient of variation, %].

Momumo  BaprabenbHOCT  MOLUHOCTU  raMma-uanyqeHunst
ot MNPH B maTepuanax, KoTopble OblM UCNONb30BaHbI AJ151 MOKPbI-
TUS TOPU3OHTASIbHBIX MOBEPXHOCTEN, OMPEeAEeNieHHOe BAUSHUE
Ha Benn4nHbl M, 1 Ay, PETMCTPUPYEMBIE MPUOOPOM /i Situ B ro-
pPOAOCKOWN cpene, MOrfio okasblBaTb ramma-manydeHme ot [PH
B Marepuasiax CTeH OOMOB U APYrvx BEPTUKasIbHbIX MOBEPXHO-
ctein. Ha npumepe ropoga Bpownas (MonbLua) nokasaHo, 4To Mak-
cumanbHble 3HaveHus M, ot MPH BHe NomeLLeHnin MOXHO 06Ha-
PYXUTb B LEHTPE ropofa B MecTax CoveTaHus AByX (akTopoB:
6113Koe PacnosioXeHve 30aHniA Jpyr OT Apyra v rpaHUTHOE Mo-
KpbITne TPOTyapos [25]. MNMpu o6cnenoBaHnm HEHGOMbLLNX CKBEPOB
B ropoae CaH-lMayno (Bpasunusi) yctaHoBneHo, 4to no 30 % M/,
B 3TOW JIOKALMM CBA3AHO C UICTOYHNKOM NPUPOAHOro raMma-uany-
YeHUs1, PACMNOJIOXKEHHOM B OKPYXXAIOLLIMX 3AaHMsX [28].

Bo Bcex n3ydeHHbIx Slokaumsx Obina BbisiBieHa CTaTUCTUHECKN
3Haummas (P <0,001) u cunbHasa koppensums mexay MA3 n
Acpp: KO3DOULUMEHT KOppensumn CrnvpmaHa 6bin paseH 0,988,
0,991, 0,984, 1, 0,994, 0,983 1 0,968 onsa ynuu, ABOPOB, NoLA-
nel, HabepexHbIX, MOCTOB, OPOXEK B Mapkax 1 ra3oHOB B nap-
Kax COOTBETCTBEHHO. ['padmyeckn a1a BolpaXXeHHast CBA3b MeXAyY
OBYMS1 NEPEMEHHbIMU )11 UHOMBUOYSIbHBIX 3HAYeHu 1 06006-
LLIEHHO B BUAE IMHENHOM perpeccum npeacTasneHa Ha pucyHke 3.

MHomeunayanbHble 3HaveHns oTHoweHnst MAS,q, K Aspe O€-
MOHCTPUPOBAN CPaBHUTENBLHO HebonbLLIOoN pasbpoc: ot 0,52
no 0,61 (H3B/4)/(Bk/Kkr) (nocnemgHss kKonoHka B Tabnuvue).
B alueli BbibopKe 3TO OTHOLLEHWE MOXHO YBEPEHHO paccMmaTpu-
BaThb B kayecTBe KN oT Aspp K MASdpy, TaK Kak B CREKTPAX, BKIIO-
YEHHbIX B CTATUCTUYECKUIA aHann3, MNPUCYTCTBOBaNIN MUKK
Tonbko MPH. CpepHue 3HadeHus KM B pasnnyHbIX foKaumsix
NpPakTU4ecKn coBrnagann Mmexay coboi n Haxoaunuck B Avana-
30He ot 0,54 po ,57 (H3B/4)/(BK/Kr). 3TKU 3HAYeHUs cylue-
CTBEHHO npeBblwany BenuyuHy 0,38 (H3B/4)/(Bk/Kkr), KOTOPYIO
ncnonb3oBanu W.MN. Ctamat n ap. [13] «419 OLeHKN MOLHOCTUN
[03bl raMMa-n3Ny4eHUst Ha OTKPbITON MECTHOCTU Ha TeppuUTo-
PUN HACENEHHbIX MYHKTOB C Y4ETOM 3HAaYeHW Ay, B CTPOUTENb-
HOM CbIpbe 1 MaTepuanax MecTHOro Npom3BoAcTBa». BmecTte
CTEM HalUN SMMMPUYECKN BbIBEAEHHbIE YACNEHHbIE 3HAYEHUS]
K 0OYeHb XOpOLLO COOTBETCTBYIOT BENNYMHE
0,55 (H3B/4)/(BK/Kr) CpaBHUTENLHO HEOABHO BbLIYMCIIEHHOW W
BepudunumposaHHoi Satoh and Petoussi-Henss [11] B oTHOLue-
HM U (1, cooTBETCTBEHHO, °Ra), paBHOMEPHO pacrnpeneneH-
HOro B No4Be. HanoMHmMm, 410 B hopmyne ans BblYUCNEHUS Ay

(BbIpaxeHwe (1)) YA #°Ra npuHsita 3a eoyHuLy.

In addition to the variability of DR from the NRN in the ma-
terials used to cover horizontal surfaces, gamma radiation from
the NRN in the materials of the walls of houses and other verti-
cal surfaces could have a certain effect on the levels of DR and
Asmeasured by the GSD /n sifuin an urban environment. For
example, for the city of Wroclaw (Poland) it was shown that the
maximum values of DR from the NRN outdoors could be found
in the city center in the places where two factors combined: 1)
close proximity of buildings to each other, and 2) granite pave-
ment [25]. When surveying small squares in the city of
Sao Paulo (Brazil), it was deduced that up to 30 % of DR in this
location was associated with the natural radiation source
in the surrounding buildings [28].

In all the surveyed locations in St. Petersburg, a strong and
statistically significant (P < 0.001) correlation was found be-
tween ADER and A.s: Spearman's correlation coefficient was
0.988, 0.991, 0.984, 1, 0.994, 0.983, and 0.968 for streets,
courtyards, squares, embankments, bridges, park paths, and
park lawns, respectively. This close relationship between
the two variables is represented graphically in Figure 3 for indi-
vidual sites (as points) and as a regression line.

The individual values of the ADER, to A ratio had a rela-
tively narrow variation range: from 0.52t0 0.61 (nSv/h)/(Bq/kg)
(last column in Table). In our sample, the ratio can be confi-
dently considered as the conversion coefficient from Ay to
ADER\qy since the all 170 spectra demonstrated peaks associ-
ated only with natural radionuclides. The average CC values in
different locations were virtually identical and ranged from
0.54100.57 (nSv/h)/(Bg/kg). These values significantly ex-
ceed the value of 0.38 (nSv/h)/(Bg/kg), which was used by
Stamat et al. [13] “to assess the dose rate of gamma radiation
in open areas on the territory of populated space, taking into
account the A values in building raw materials and locally pro-
duced materials”. At the same time, our empirically derived CC
values correspond very well to the value of
0.55 (nSv/h)/(Bg/kg) recently reported by Satoh and Petoussi-
Henss [11] for **U (and, accordingly, *°Ra) uniformly distrib-
uted in soil. It should be recalled that in the formula for calculat-
ing A« (the expression (1)), the correction factor for the *Ra
AC istakenas 1.0.
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Puc. 3. CooTHoLLEeHME Mexay Ay 1 MAD/, B nokaumm «napk» (Ha ra30He 1 Ha NeLIexoaHOM JOPOXKE), «ynmua», «0Bop>»,
«MoLLaab», <HabepexHas» 1 «<MocT» B . CaHkT-MNeTepbypr B 2017-2024 .
[Fig. 3. Relationship between A.: and ADER at the location “park” (on a lawn and on a pedestrian path), “street”, “yard”,
“square”, “embankment” and “bridge” in Saint Petersburg in 2017-2024]

Hawe viccnenosaHne 13bmparesibHO OXBaTbiBAET OYEHb He-
6osbLLYIO YacTb TeppuTopun CaHkT-MeTepbypra, No3TOMy nosy-
YEHHbIE PE3Y/LTAThl CNIeyeT paccMaTpuBaTh B Ka4ecTBe npeasa-
PUTENLHOM 1 BeCbMa OrPaHWUYEHHONM OLIEHKM MOLLHOCTM [03bl
NPYPOAHOrO FraMMa-M3Ny4EHsI B BbIOPAHHbIX TUMUYHBIX JIOKALWSX
B AaHHOM ropogae. MNpeacraeutensHas ougHka MAS ey B ropoae
B LIEJIOM HE CTaBMIaCh B KA4eCTBE Lienv uccnenosaHus. Bmecte
C TeM 4MCII0 06CIeN0BaHHBIX TOYEK OblI0 AOCTATO4HbIM 415 TOrO,

»

This study covers a small part of the territory of Saint Pe-
tersburg, so the obtained results on ADERygy Should be consid-
ered as a preliminary and limited assessment of the dose rate
of natural gamma radiation in the typical locations in this city.
A representative assessment of ADERygy in the city as a whole
was not the goal of the study. However, the number of surveyed
sites was sufficient to reveal a strong relationship between
ADERww and Ay it was experimentally determined that

PagvauvonHas rurveHa Tom 18 Ne 2, 2025

117



Radiation measurements

4TOObI BbISIBUTb YCTOMYMBYIO CBA3b MeXay MA3 Ly 1 Asye; IKCTIE-
PUMEHTaNIbHO YCTaHOBEHO, 4TO BennynHa K ot ogHoro napa-
MeTpa K APYroMy Masio BapbMpyeTCs BHYTPU JIOKaUMM 1 OT JI0Ka-
LM K iokaummn. B onpeneneHHon Mepe 310 0ObSCHSIETCS TEM, HTO
0151 NPOrpaMMHOro BblYcneHns 3HadeHnii MAS, 1 Ay, B KKAON
TOuKe 6bl1 MICMOIB30BAaH OAVH 1 TOT XE NoNeBo cnekTp. Mpu npu-
MEHEHMN KOMOVHaUMM OBYX 3MepUTeNbHbLIX NPMOopoB — nose-
BOro ramma-cnektpomeTtpa (namepeHust Age) M ramma-gosu-
meTpa (n3meperus MAS/[) — HeobxoaMMO NPOBECTU AOMOSHU-
TesbHble U3MEpPeHUs A8 YCTaHOBeHWs 3HadveHui KM ot ogHoro
rnokasarens K Apyromy.

[ns Bblamncnenns MA3Oqey (H3B/4) NO pesynbTatam namepe-
HUS Aspo (BK/KT) /0 SitC NICNONBb30BaHMEM COOTBETCTBEHHO Kasinb-
POBAHHOIO (419 reoMeTpumM 21) NOSEBOr0 raMma-CriekTpomMeTpa-
[0o3nMeTpa cneayeT NpYMEHUTb NPOCTYIO GopMyny:

MA3py = Asgg * K11, )

roe KIl;— cpenHee 3HauveHve koadduumeHTa nepexona
OT A,y K MA3/Ippy ANA /O NOKALWN 13 TabNMLIBI, (H3B/4)/(BK/Kr).

[ns Bblumcnenns 3HadeHns MA3S/I, 06yCnoBneHHOro NpucyT-
CTBMEM TEXHOMEHHOr0 WCTOYHMKA ramma-usnydeHuns (MASL,.,
H3B/4), cneayeT NCnosib30BaTb GOPMYIy:

MASZ[TQX = MABH - MABAHPH - MASAC])OH ) (3)

roe MA3/l nsmepeHHoe 3HadeHre 06LLe MOLLHOCT amBu-
EHTHOr o aKBvBanieHTa fo3bl, H38/4; MAJ [ jpy — BbIMMCIEHHOE MO
dopmyne (2) 3HadeHMe MOLLHOCTM aMOWMEHTHOro IKBMBasIEHTA
nosbl o1 MPH, H3s/4; MA3/l,, — CymmapHoe 3HadeHue cob-
CTBEHHOrO (boHa A03UMETPA U €ro OTK/IMKA Ha KOCMUYECKOoe Y3-
nyveHune, H3B/4.

PaHee atoT anroputm onpenenerus MA3/,.. Obin ycnewHo
NPVYMEHEH Npu BbI6OPOYHOM 06CIe00BaHNM CeNTbCKMX HACENEHHbIX
MYHKTOB 1 1X apEeasioB B YCNOBUSIX 3arpsisHermst 'Cs B BpsiHCKO
obnactn Poccum n Fomenbckoii obnactu benapycu [1, 2, 15, 29].
C yeToM pe3ynbTaToB HaCTosILLEl paboThl 6onee AeTasbHble UC-
cnefoBaHVs paanaunoHHOM 0OCTAaHOBKYM B MELLEXOOHOM pexume
LenecoobpasHo NpoBecTy B ropoaax KnunHubl  HoBo3bIGKOB, Haxo-
OALMIXCS B 30HE paaMoakTVBHOMO 3arpsid3HeHus B bpsiHckoli obna-
cTu. MNoTeHumanbHbLIM 06LEKTOM 4151 IPUMEHEHWSE IAHHOM TEXHO-
niornn MOXeT ObITb ropod, dnekTpoctasib (MockoBckas 061acTb,
Poccus), roe B pesynbTarte HeluTaTHoM cutyaumm B 2013 1. nponso-
LLNO 3arpsi3HEHIEe OKpy>katoLLeii cpeapl  Cs [30].

I3mMepeHnsi NoneBbiX CMEKTPOB Mbl MPOBOAMAN NPU pa3me-
LLeHN aeTekTopa B piok3ake y onepartopa. B atom cnyydae Teno
yesioBeka BbICTYMaeT B kKa4ecTBe ocnabutens BHELIHero ramMmma-
N3My4eHNst; BeNMYMHa ocnabneHust U3nyyeHunst 3aB1UCuT OT pocTa u
Macchl Tena onepaTopa 1 OT XapakTePUCTUK UCTOYHMKA N3ny4de-
HUS (HanpUMep, ero MoIOKEHMS MO OTHOLLEHMIO K OnepaTopy)
[21]. Ans onepatopa ¢ maccoii Tena okono 70 kr n poctoM 172 cm
cooTHoLueHne mexay MA3 e, M3MEPEHHO B MPUCYTCTBUN One-
paTopa, 1 TakoBOW, N3MEPEHHOW NPY PACMOIOXEHNN AeTekTopa
Ha TPEHOXHWKE Ha BbICOTE 1 M HaA, MOBEPXHOCTLIO 3eMAN NN
TBEPAOro nokpbiTus, paeHsanock 0,88 +0,02 [15]. 3Ty nonpasky
Ha NpUCYTCTBME onepaTtopa creayeT yYuTbiBaTh NPy CPaBHEHUN
pPe3ynbTaToOB, MOMYYEHHbIX /11 St C NCMONBb30BaHNEM Kilaccuye-
CKOW CXEMbI PACMOJIOXEHMS AETEKTOPA HA TPEHOXHUKE U MPpU pas-
MELLIEHNW CNIEKTPOMETPA B PIOK3aKe Ha CMVHE Yy YenoBeka.

the value of CC from one parameter to another varies little
within a location and from location to location. To a certain ex-
tent, this is explained by the fact that the same field spectrum
was used for the software calculation of the ADER and A val-
ues at each point. When using a combination of the two meas-
uring devices: afield gamma spectrometer (A;; measure-
ments) and agamma dosimeter (ADER measurements), it
might be necessary to conduct additional measurements to
determine values of CC from one variable to another.

To calculate ADERws (nSv/h) based on results of A
(Bg/kg) measurements /n sifu, using a suitably calibrated (for
the 2 geometry) portable gamma spectrometer, the simple
formula can be applied:

ADERNRN = Aeff . CCL , (2)

where CC; is the mean value of conversion coefficient from
A to ADERygy for the /th location from Table,
(nSv/h)/(Ba/kg).

To calculate the ADER value due to the presence of a tech-
nogenic gamma radiation source in the environment (ADER,
nSv/h), use the formula:

ADERoe, = ADER — ADERygy — ADER;, (3

where ADER is the measured value of the total ambient
dose equivalent rate, nSv/h; ADERy, is the value of the ambi-
ent dose equivalent rate from NRN calculated using formula
(2), nSv/h; ADER,, is the total value of the dosimeter’s intrinsic
noise and the dosimeter response to cosmic radiation, nSv/h.

Earlier, this algorithm for determining ADER.., was suc-
cessfully applied during selective surveys of the rural areas un-
der conditions of "’Cs contamination in the Bryansk region of
Russia and the Gomel region of Belarus [1, 2, 15, 29]. Taking
into account results of the present work, it is advisable to con-
duct more detailed studies of the radiation environment in pe-
destrian mode in the cities of Klintsy and Novozybkov located in
the zone of radioactive contamination in the Bryansk region.
Apotential target for application of this mobile technology
could be the city of Elektrostal (the Moscow region, Russia)
where, as aresult of the emergency situation in 2013, the urban
space was contaminated with "“'Cs [30].

We measured the field spectra with the detector placed in
the operator's backpack. In this case, the human body acts as
an attenuator of external gamma radiation; the amount of the
radiation attenuation depends on the operator's body weight
and characteristics of the radiation source (e.g., its position rel-
ative to the operator) [21]. For the operator with a body weight
of about 70 kg and a height of 172 cm, the ratio between the
ADER\sy measured in the operator's presence and that meas-
ured with the detector placed on atripod at a height of 1m
above the ground or hard surface was 0.88 +0.02 [15]. The
correction for the presence of the operator should be taken into
account for comparison of the results obtained /in sifu using the
spectrometer placement on a tripod and when placing the
spectrometer in a backpack on a person’s back.
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3akJio4veHe

BbinosHeHHOE mnccnepoBaHvie  MO3BOAWIO  AMMUPUHECKN
ONPeaEeNnUTb YACTEHHbIE 3Ha4YeHNs kKoaddrumeHTa nepexona ot
A K MAD e B TUNMNYHBIX TOKALMSX B FOPOAE: yMLA, ABOP, N0-
wanpb, HabepexHasi, MOCT, Napk. YCTaHOB/IEHA YCTONYMBaAs CBSA3b
Mexay 3TMMU NapamMeTpamm st BCex lokaumii 1 cnabas 3aBucu-
MOCTb OT reoMeTpumn mnamepeHunin. CpegHune BennymHbl KN gns
3TUX JNIOKAUMIA Haxoaunmcb B Yy3KOM avanadoHe ot 0,54
0o 0,57 (H3B/4)/(Bk/kr). MNonyyeHHble 3Ha4veHus KIMT npyuMeHnMbl
B TOM cny4ae, ecnu namepeHns MAS 1 Ay, NPOBOOST OAHOBpPE-
MEHHO /N Sifu Npy pasMeLLeHn ramMmma-CrnekTpomMeTpa-go3n-
METpa B PIOK3ake Ha CNnHe y ornepaTopa. Peaynbtartbl aHHOMO MC-
cnenoBaHus MOryT GbITb MCMOJIb30BaHb! NPY NPOBEAEHMM MNeLue-
XOAHbIX 06CNenoBaHNiA FropoaoB A/19 onpeaeneHns Bkiaga npu-
POAHBIX PaaVIOHYKIMAOB B CyMMapHyto M/ ramma-uanydeHus
B C/ly4ae paavioakTUBHOMO 3arPsi3HEHMSI OKPYXKAIOLLLEN Cpeabl.

CsepeHus 0 NUYHOM BKJIale aBTOPOB
B pa6ory Hap cTaTbeil

Pamaaes B.[1. — koHUEeNTyanusauus, naMepeHus, HanmcaHme
PYKOMUCK.

BapkoBcknin A.H. — koHUEeNnTyanusaums, pegaktmpoBaHme py-
Konmcu.

WNHdopmaums o koHdnnkre nHTepecos

Y aBTOPOB HET KOHGINKTOB MHTEPECOB, KOTOPbIE Cneayet
pacKpbIBaTb.

CeepeHusa 06 ucrouHuke pmHaHCUpOBaHUA

WccnenoBaHyie He MMesio CoHCOPCKO NMOAAEPXKKM.
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Conclusion

The research allowed us to determine the numerical values
of the conversion coefficient (CC) from Ay to ADERwan
in the typical urban locations: street, yard, square, embank-
ment, bridge, and park. A stable relationship was found be-
tween the measured parameters for all locations; a weak de-
pendence of the CC on the measurement geometry was ob-
served. The average values of the CC for the surveyed locations
were in a narrow range from 0.54 to 0.57 (nSv/h)/(Bg/kg). The
obtained CC values are applicable if the ADER and A« meas-
urements are carried out /n situwith the gamma spectrometer-
dosimeter placed in a backpack on the operator's back. Re-
sults of the study can be used when conducting walk surveys of
urban areas to determine contribution of natural sources to the
total dose rate of gamma radiation in the case of radioactive
contamination of the environment.

Authors' personal contribution

Ramzaev V.P. — conceptualization, measurements, writing
the manuscript.

Barkovsky A.N. — conceptualization, editing the manu-
script.

Conflict of interests
The authors have no conflicts of interest to declare.

Sources of funding

The study had no sponsorship.

References

1. Ramzaev VP, Barkovsky AN, Bratilova AA. Ambient dose
equivalent rate and soil contamination density with "Cs in
kitchen gardens in settlements of the Bryansk region,
Russia in 2020-2021. Radlatsionnaya Gygiena = Radiation
Hygiene. 2021;14(4): 85-95. (In Russian). DOI:
10.21514/1998-426X-2021-14-4-85-95.

2. Ramzaev VP, Barkovsky AN, Bratilova AA. Ambient dose
equivalent rate from ''Cs and natural radionuclides in one-
story residential buildings in settlements of the Bryansk
region in 2020-2021. Radiatsionnaya Gygiena = Radiation
Hygiene. 2022;15(2): 95-107. (In Russian). DOI:
10.21514/1998-426X-2022-15-2-95-107.

3. Beck HL, DeCampo J, Gogolak C. /nn situ Ge(Li) and Nal(TI)
gamma-ray spectrometry. Report HASL-258, USAEC, New
York, NY: Health and Safety Laboratory; 1972.

4. Clouvas A, Xanthos S, Antonopoulus-Domis M. Extended
survey of indoor and outdoor terrestrial gamma radiation in
Greek urban areas by /n situ gamma spectrometry with a
portable Ge detector. Radiation Protection Dosimetry.
2001;94(3): 233-246. DOI: 10.1093/oxfordjournals.rpd.a0
06495.

5. RoedJ, Lange CL, Andersson KG, Prip H, Olsen S, Ramzaev
V, et al. Decontamination in a Russian settlement. RIS@
National Laboratory report Risg-R-870 (EN). RIS@ National
Laboratory, Roskilde, Denmark; 1996.

6. Ramzaev V, Yonehara H, Hille R, Barkovsky A, Mishine A,
Sahoo SK, et al. Gamma-dose rates from terrestrial and
Chernobyl radionuclides inside and outside settlements in
the Bryansk Region, Russia in 1996-2003. Journal oi
Environmental Radioactivity. 2006;85: 205-227. DOI:
10.1016/j.jenvrad.2004.04.014.

7. Zinsou MB, Houessouvo CR, Rabesiranana N, Allodji RS,
Medenou D, Dossou J, et al. Gamma radiation dose rate
measurements in granite quarries and schools in two
mountainous towns in Benin. Brazilian Journal of Radiation
Sciences. 2024;12(4): 1-34. DOI: 10.15392/2319-
0612.2024.2517.

PagvauvonHas rurveHa Tom 18 Ne 2, 2025

119



Radiation measurements

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

283.

Lemercier M., Gurriaran R., Bouisset P., Cagnat X. Specific
activity to H*(10) conversion coefficients for /n situ gamma
spectrometry // Radiation Protection Dosimetry. 2008. 128, No.
1. P.83-89. DOI: 10.1093/rpd/ncm307.

Askri B., Manai K., Bouzouita A. et al. Estimation of the gamma-
ray field in air from radioactive sources in the ground by
numerical solution of the Boltzmann transport equation //
Radiation Protection Dosimetry. 2023. Vol. 199, No. 7. P. 631-
645. DOI: 10.1093/rpd/ncad064.

UNSCEAR - United Nations Scientific Committee on the Effects
of Atomic Radiation. Sources and Effects of lonizing Radiation.
Report to the General Assembly with Scientific Annexes. United
Nations, New York, 2000.

Satoh D., Petoussi-Henss N. Dose-rate coefficients for external
exposure to radionuclides uniformly distributed in soil to an
infinite depth // PLoS ONE. 2024. Vol. 19, No. 9. P. e0310552.
DOI: 10.1371/journal.pone.0310552.

Cramatr W.M., JlncaveHko 3.M1. DdbdekTvBHas yaenbHas
aKTMBHOCTb  MPUPOAHbLIX  PaAMOHYKNIMAOB B cpejax C
HapyLleHHbIM pPaaMoakTVBHBIM PaBHOBECUEM B psilax ypaHa u
Topus // PapgnaumoHHas rurnera. 2008. T. 1, Ne 1. C. 27-31.

Cramar W.MM., KoHoHeHko [.B., KopmaHoBckas T.A., Koponesa
H.A. AHann3 cBefeHnin O [03ax BHELHEero TeppUreHHoro
obnydyeHnss  HaceneHuss  Poccuiickoirr  depepauuun B
KOMMYHaIbHbIX ycnoBusix // PagnaumorHas rurneHa. 2015. T.
8, Ne 3. C. 33-48.

Ramzaev V., Barkovsky A., Bernhardsson C., Mattsson S.
Calibration and testing of a portable Nal(Tl) gamma-ray
spectrometer-dosimeter  for  evaluation of terrestrial
radionuclides and 'Cs contributions to ambient dose
equivalent rate outdoors // Radiatsionnaya Gygiena = Radiation
Hygiene. 2017. Vol. 10, No. 1. P. 18-29. DOI: 10.21514/1998-
426x-2017-10-1-18-29.

Ramzaev V., Bernhardsson C., Barkovsky A. et al. A backpack
y-spectrometer for measurements of ambient dose equivalent
rate, H*(10), from "’Cs and from naturally occurring radiation:
the importance of operator related attenuation // Radiation
Measurements. 2017. Vol. 107. P. 14-22. DOL
10.1016/j.radmeas.2017.10.002.

Ramzaev V., Bernhardsson C., Vodovatov A. et al. Ambient dose
equivalent rates of gamma radiation from natural radionuclides
and "'Cs at grasslands and forests in the area of the Belarusian
NPP in the pre-commissioning period (2019) // Radiation
Protection Dosimetry. 2024. Vol. 200, No. 5. P. 496-503. DOI:
10.1093/rpd/ncae016.

Cresswell A.J., Sanderson D.C.W., Harrold M. et al
Demonstration of lightweight gamma spectrometry systems in
urban environments // Journal of Environmental Radioactivity.
2013. Vol. 124. P. 22-28. DOI: 10.1016/j.jenvrad.2013.03.006.
De Cort M., Dubois G., Fridman Sh.D. et al. Atlas of Caesium
Deposition on Europe after the Chernobyl Accident. EUR Report
16733. EC, Office for Official Publications of the European
Commission Communities, Luxembourg, 1998.
ATOMTEX. CnektpomeTp MKC AT61014P.
https://old.atomtex.com/ru/spektrometr-mks-at6101dr
ob6pauleHust: 28.02.2025).

Nilsson J.M.C., Ostlund K., Séderberg J. et al. Tests of HPGe- and
scintillation-based backpack y-radiation survey systems // Journal
of Environmental Radioactivity. 2014. Vol. 135. P. 54-62. DOI:
10.1016/j.jenvrad.2014.03.013.

URL:
(Data

. Buchanan E., Cresswell A.J., Seitz B., Sanderson D.C.W.

Operator related attenuation effects in radiometric surveys //
Radiation Measurements. 2016. Vol. 86. P. 24-31. DOI:
10.1016/j.radmeas.2015.12.029.

Andoh M., Yamamoto H., Kanno T., Saito K. Measurement of
ambient dose equivalent rates by walk survey around
Fukushima Daiichi Nuclear Power Plant using KURAMA-II until
2016 // Journal of Environmental Radioactivity. 2019. Vol. 210.
P.105812. DOI: 10.1016/j.jenvrad.2018.09.010.

Poltabtim W., Musikawan S., Thumwong A. et al. Estimation of
ambient dose equivalent rate distribution map using walking
survey technique in Hirosaki City, Aomori, Japan // International

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Lemercier M, Gurriaran R, Bouisset P, Cagnat X. Specific
activity to H*(10) conversion coefficients for /n situ gamma
spectrometry. Radliation Protection Dosimetry.
2008;128(1): 83—-89. DOI: 10.1093/rpd/ncm307.

Askri B, Manai K, Bouzouita A, Zaidi E, TrabelsiA. Estimation
of the gamma-ray field in air from radioactive sources in the
ground by numerical solution of the Boltzmann transport
equation. Radjation Protection Dosimetry. 2023;199(7):
631-645. DOI: 10.1093/rpd/ncad064.

UNSCEAR - United Nations Scientific Committee on the
Effects of Atomic Radiation. Sources and Effects of lonizing
Radiation, Report to the General Assembly with Scientific
Annexes. United Nations, New York; 2000.

Satoh D, Petoussi-Henss N. Dose-rate coefficients for
external exposure to radionuclides uniformly distributed in
soil to an infinite depth. PLoS ONE. 2024;19(9): e0310552.
DOI: 10.1371/journal.pone.0310552.

Stamat IP, Lisachenko EP. Effective specific activity of
natural radionuclides in the NORM belonged to the **U and
**Th series being in the state of disturbed radioactive
equilibrium. Radiatsionnaya Gygiena = Radjiation Hygiene.
2008;1(1): 27-31. (In Russian).

Stamat IP, Kononenko DV, Kormanovskaya TA, Koroleva
NA. Analysis of data of doses of external terrigenous
irradiation of the Russian Federation population in municipal
conditions. Radliatsionnaya Gygiena = Radiation Hygiene.
2015;8(3): 33-48. (In Russian).

Ramzaev V, Barkovsky A, Bernhardsson C, Mattsson S.
Calibration and testing of a portable Nal(Tl) gamma-ray
spectrometer-dosimeter for evaluation of terrestrial
radionuclides and '“Cs contributions to ambient dose
equivalent rate outdoors. Radiatsionnaya Gygiena =
Radliation Hyagiene. 2017;10(1): 18-29. DOI:
10.21514/1998-426x-2017-10-1-18-29.

. Ramzaev V, Bernhardsson C, Barkovsky A, Romanovich I,

Jarneborn J, Mattsson S, et al. A backpack y-spectrometer
for measurements of ambient dose equivalent rate, H*(10),
from ''Cs and from naturally occurring radiation: the
importance of operator related attenuation. Radiation
Measurements. 2017;107: 14-22. DOI:
10.1016/j.radmeas.2017.10.002.

Ramzaev V, Bernhardsson C, Vodovatov A, Chipiga L,
Nekrasov V, Dvornik A. Ambient dose equivalent rates of
gamma radiation from natural radionuclides and '¥Cs at
grasslands and forests in the area of the Belarusian NPP in
the pre-commissioning period (2019). Radiation Protection
Dosimetry. 2024;200(5): 496-503. DOI: 10.1093/rpd/ncae
016.

Cresswell AJ, Sanderson DCW, Harrold M, Kirley B, Mitchell
C, Weir A. Demonstration of lightweight gamma spectrom-
etry systems in urban environments. Journal of Environ-
mental Radioactivity. 2013;124: 22-28. DOI: 10.1016/j.jen-
vrad.2013.03.006.

De Cort M, Dubois G, Fridman ShD, Germenchuk MG, Izrael
YuA, Janssens A, et al. Atlas of Caesium Deposition on
Europe after the Chernobyl Accident. EUR Report 16733.
EC, Office for Official Publications of the European
Commission Communities, Luxembourg; 1998.

ATOMTEX. Spectrometer AT6101DR. Available on:
https://old.atomtex.com/en/at6101dr-spectrometer
(Accessed 28 February 2025).

Nilsson JMC, Ostlund K, Séderberg J, Mattsson S, Raif C.
Tests of HPGe- and scintillation-based backpack y-radiation
survey systems. Journal of Environmental Radioactivity.
2014;135: 54-62. DOI: 10.1016/j.jenvrad.2014.03.013.

Buchanan E, Cresswell AJ, Seitz B, Sanderson DCW.
Operator related attenuation effects in radiometric surveys.
Radiation  Measurements. 2016;86: 24-31. DOI:
10.1016/j.radmeas.2015.12.029.

Andoh M, Yamamoto H, Kanno T, Saito K. Measurement of

ambient dose equivalent rates by walk survey around
Fukushima Dai-ichi Nuclear Power Plant using KURAMA-II

120

Vol. 18 Ne 2, 2025 RADIATION HYGIENE



PaanauunoHHbie namepeHus

Journal of Environmental Research and Public Health. 2023. until 2016. Journal of Environmental Radioactivity.
Vol. 20, No. 3. P. 2657. DOI: 10.3390/ijerph20032657. 2019;210: 105812. DOI: 10.1016/j.jenvrad.2018.09.010.
24. Altfelder S., Preugschat B., Matos M. et al. Upscaling ground- 283. Poltabtim W, Musikawan S, Thumwong A, OmoriY, Kranrod

based backpack gamma-ray spectrometry to spatial resolution C, Hosoda M, et al. Estimation of ambient dose equivalent
of UAV-based gamma-ray spectrometry for system validation // rate distribution map using walking survey technique in
Journal of Environmental Radioactivity. 2024. Vol. 273. P. Hirosaki City, Aomori, Japan. /nternational Journal oi
107382. DOI: 10.1016/j.jenvrad.2024.107382. Environmental Research and Public Health. 2023;20(3):
25. Nowak K., Solecki A. Factors affecting background gamma 2657. DOI: 10.3390/ijerph20032657.
radiation in the urban space // Journal of Elementology. 2015. 24. Altfelder S, Preugschat B, Matos M, Kandzia F, Wiens B,
Vol. 20, No. 3. P. 653-665. DOI: 10.5601/jelem.2014.19.4.755. Eshmuradov O, et al. Upscaling ground-based backpack
26. Nowak K. Natural background gamma radiation in the urban gamma-ray spectrometry to spatial resolution of UAV-
space of Walbrzych. Proceedings of ECOpole. 2016. Vol. 10, based gamma-ray spectrometry for system validation.
No. 1. P. 47-56. DOI: 10.2429/proc.2016.10(1)006. Journal of Environmental Radioactivity. 2024;273: 107382.

27. Yybupko M.U., Knenukos O.B., Kyponan C.A. n gp. OueHka DOl: 10.1016/j.je.nvrad.2024.1073{32.
MOLLHOCTN  3KBUBAJNIEHTHOM [03bl ramma-ussydeHuss Ha 25. Nowak K, Solecki A. Factors affecting background gamma

OTKPLITON MECTHOCTU Tepputopun ropoga Boponexa // radiation in the urban space. Journal of Elementology.
PaguauvonHas rurvena. 2019. T. 12, Ne 4. C. 66-71. DOI: 2015;20(3): 653-665. DOI: 10.5601/jelem.2014.19.4.755.
10.21514/1998-426X-2019-12-4-66-71. 26. Nowak K. Natural background gamma radiation in the urban
28. Medeiros F.H.M., Yoshimura E.M. Influence of soil and buildings space of Walbrzych. Proceedings of ECOpole. 2016;10(1):
on outdoor gamma dose rates in Sao Paulo, Brazil // Health 47-56. DOI: 10.2429/proc.2016.10(1)006.
Physics. 2005. Vol. 88, No. 1. P. 65-70. DOL 27. Chubirko Ml, Klepikov OV, Kurolap SA, Kuzmichev MK,
10.1097/01.hp.0000142499.92778.76. Studenikina EM. Estimation of the equivalent dose rate of
29. Ramzaev V., Bernhardsson C., Dvornik A. et al. Calculation of gamma radiation in the open territory of the city of
the effective external dose rate to a person staying in the Voronezh. Radiatsionnaya Gygiena = Radiation Hygiene.
resettlement zone of the Vetka district of the Gomel region of 2019;12(4): 66-71. (In Russian). DOI: 10.21514/1998-
Belarus based on in situand ex situassessments in 2016-2018 426X-2019-12-4-66-71.
// Journal of Environmental Radioactivity. 2020. Vol. 214-215. 28. Medeiros FHM, Yoshimura EM. Influence of soil and
P. 106168. DOI: 10.1016/j.jenvrad.2020.106168. buildings on outdoor gamma dose rates in Sao Paulo,
30. BUGAHA.M., AxmaTamHos P.P., Bapcdonomeesa K.B., Brazil.  Health Physics. 2005;88(1): 65-70. DOL:
PenuH J1.B. TMpo6nemMbl puUCK-KOMMYHUKALMKU MO BOMPOCAaM 10.1097/01.hp.0000142499.92778.76.
paamaumoHHol 6e30nacHOCTM: aHanM3 mMaTtepuasnioB B CETU 29. Ramzaev V, Bernhardsson C, Dvornik A, Barkovsky A,
VHTEpHeT nocne pafmaunoHHom aBapuu Ha Vodovatov A, Jénsson M, et al. Calculation of the effective
OneKTPOCTaNbCKOM  3aBOAE  TAXKENOro  MalMHOCTPOEHUS external dose rate to a person staying in the resettlement
// Pagmauponnan rurmena. 2018. T. 11, Ne 1. C. 43-52. DOL: zone of the Vetka district of the Gomel region of Belarus
10.21514/1998-426X-2018-11-1-43-52. based on /n situ and ex situ assessments in 2016-2018.
Journal of Environmental Radioactivity. 2020;214-215:
Moctynuna: 02.03.2025 106168. DOI: 10.1016/j.jenvrad.2020.106168.

30. BiblinAM, AkhmatdinovRR, Varfolomeeva KV, RepinLV.
Problems of risk communication on radiation safety. analysis of
materials on the internet after the 2013 radiation accident at the
Electrostal heavy engineering works. Radliatsionnaya Gygiena
= Radiation Hygiene. 2018;11(1): 43-52. (In Russian). DOI:
10.21514/1998-426X-2018-11-1-43-52.

Received: March 02, 2025

Pam3zaee Banepwii MaBnoBu4 — KaHAMOAT MEOVLIMHCKMX HAyK, BeyLUMIA HayuyHbIi COTPYOHMK NabopaTopun BHELUHEro
o6ny4eHnsi CaHkT-leTepOyprckoro Hay4HO-MCCNeO0BaTENbCKOr0 WMHCTUTYTA PagMauMOHHON TUrMeHbl MMeHu npodeccopa
M.B. Pam3aeBa dPenepanbHoi cnyxObl N0 HAA30py B chepe 3almTbl NpaB notpedutener n Gnarononydns yYenoseka. Appec
ansg nepenuckun: 197101, Poccus, CaHkT-MNeTtepbypr, yn. Mupa, 4. 8; E-mail: V.Ramzaev@mail.ru

BapkoBckuit AHaTtonuin HukonaeBuu — pykoBoauTeNnb PenepasbHOro PaavosiorMyeckoro LEHTPa, FNaBHbI HayyHbIN
coTpyaHuk CaHkT-MeTepbyprckoro Hay4HO-MCCNenoBaTeNlbCKOro MHCTUTYTa pPafuauMoHHON TUrMeHbl UMeHn npodeccopa
MN.B. Pam3aesa ®PepepanbHoi cayxObl No Haas3opy B cdepe 3awmtbl NpaB notpedbutenein 1 6Gnarononyyus 4Yenoseka,
CaHkT-MeTepbypr, Poccus

Ans umtuposaHua: Pam3aes B.I., bBapkosckuin A.H. UamepeHue adpPpekTnBHON yaenbHON aKTUBHOCTU NMPUPOLAHbIX
PaaVoHYKIINAOB /N Situ pNSi OLLeHKN MOLLHOCTU aMOMEHTHOro 3KBUBAJIEHTa A03bl B rOPOACKON cpeae // PagnauvoHHas
rurueHa. 2025. T. 18, Ne 2. C.109-121. DOI: 10.21514/1998-426X-2025-18-2-109-121

For correspondence: Valery P. Ramzaev - Candidate of Medical Sciences, Leading Researcher of the Laboratory of External
Exposure, Saint Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaev, Federal Service for Surveillance
on Consumer Rights Protection and Human Wellbeing (Mira Str., 8, Saint Petersburg, 197101, Russia; E-mail: V.Ramzaev@mail.ru)

Anatoly N. Barkovsky — Head of the Federal Radiological Centre, Saint Petersburg Research Institute of Radiation Hygiene after
Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing, Saint Petersburg, Russia

For citation: Ramzaev V.P., Barkovsky A.N. Measurement of effective activity concentration of natural radionuclides
in situ for assessment of ambient dose equivalent rate in urban environments. Radiatsionnaya Gygiena = Radiation
Hygiene. 2025.Vol. 18, No 2. P. 109-121. DOI: 10.21514/1998-426X-2025-18-2-109-121

PAOVALIMOHHAA TrVEHA Tom 18 Ne 2, 2025 121


mailto:V.Ramzaev@mail.ru
mailto:V.Ramzaev@mail.ru



