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EKCIITEPUMEHTAJIBHE BITHOBJIEHHA ITPOLIEAYPU
ITPOBEJIEHHA JIBJI-BUMIPIOBAHD 1986 POKY

MeTol [OCNigXKeHHS € eKcnepuMeHTabHe BiHOBNEHHA npoueaypu nposepeHHs JIBJl-sumipioBaHb 1986 poky Ta
OL{iHKa iX MiHiMaNbHO-AETEKTOBAHOT aKTUBHOCTI.
Marepianu i metopu. locnigxeHHs 6ynu nposefeHi Ha ramma-pagiometpi CPM-68-01 3i CUMHTUNALIAHUM AeTeKTo-
pom Ha ocHoBi kpuctany NaI(Tl) & 30 x 25 mm® Ta ofHoKaHanbHoMy cnektpomeTpi NC-482-BM (dipmu Bicron) 3i
CUMHTUAALIAHWUM feTekTopoM Ha ocHOBi kpucTtany NaI(Tl) & 52 x 52 mm2. Y po6OTi BUKOPUCTAHO 3aXMCHY KaMepy eKc-
NepTHOro NiYnAbHUKA BUNPOMiHIOBAaHHA noguHu (JIBJ1), romoreHHi haHToMM Tina NOAWHM 3 pafioakTUBHUM HamNoB-
HioBayeM, peynstatu JIBJ1-BumiptoBaHb nauieHTiB pagiauinHoro peectpy (PP) HHLPM, otpumani 3a gonomoroto JIBJ1
«CKkpuHHep-3M». B po60Ti BUKOPUCTAHO [O3MMETPUYHI Ta MATEMATUYHI METOAM.
Pe3ynbraTn Ta BUCHOBKU. BigHoBneHO npouenypy nposesneHHs JIBJI-BumiptoBaHb Ha npunagax, ski BUKOpPMCTOBYBa-
nuck y 1986 poui ans BU3HAYeHHs BMicTy iHKOpPNOpoBaHOro paaiouesito y HaceneHHs P3T. 3a npoBefeHO0 OLiHKOW
MiHiManbHO-AeTeKTOBaHa akTUBHicTb JIBJl-BUMiploBaHb, npoBeaeHux y 1986 poui, nexutsb y mexax Big 1,3 Kbk - op-
raHiam™ (y BUNagKy 3actocyBaHHsa ofHoKaHanbHoro cnektpomeTtpa NC-482-BM 3i cUMHTUAALIAHUM AETEKTOPOM Ha OC-
HOBi Kpuctany & 52 x 52 mm?) go 7,4 Kbk - opraHiam™ (y BUNaaKy 3actocyBaHHa ramma-pagiometpa CPI1-68-01 3i
CUMHTUAALIAHWUM feTeKTOpoM Ha ocHoBi kpuctany NaI(Tl) & 30 x 25 MM?) pns OPOCNOT NIOANHW NpK Yaci BUMiptO-
BaHHA 60 c; Big 0,8 Kbk - opraHizm™ o 5,6 kbk - opraHiam™, BignoeigHo — Ansa nigniTka; Ta Big 0,5 Kbk - opraHism™ go
3,8 Kbk - opraHi3m™, BigNOBifHO — ANA OUTUHU.
KniouoBi cnosa: J/1BJI-BumiptoBaHHs, pagiolesiit, pagiometp CPI1-68-01, ogHokaHanbHuit cnektpometp NC-482-BM,
MiHiMaNbHO-eTeKTOBaHa akTuBHicT (MOA).
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Experimental reconstruction of historical WBC-measuring procedure in 1986

Objective. Examination and experimental reconstruction of the historical WBC-measuring procedure in 1986 and
estimation of the minimum detectable activity (MDA) of those measurements.

Materials and methods. The SRP-68-01 gamma-spectrometer with attached scintillation detector based on a
NaI(Tl) © 30 x 25 mm? crystal and NC-482-BM one-channel spectrometer (Bicron Co.) with attached scintillation
detector based on a NaI(Tl) 0 52 x 52 mm? crystal were used for the study. Protective chamber of the expert-type
whole-body counter (WBC) and homogenous human body dummy phantoms filled with dry radioactive material were
applied. Results of measurements on the WBC «Screener-3M» were retrieved from the Radiation Registry of the
NRCRM. Dosimetry and mathematical methods were applied too.

Results and conclusions. The WBC-measurement procedure was reconstructed using the examples tested in 1986
to assay the level of incorporated radioactive cesium in population of contaminated territories. MDA under the WBC-
measurements in 1986 was found being from 1.3 kBq per human body using the NC-482-BM one-channel spectrom-
eter with attached scintillation detector based on a NaI(Tl) © 52 x 52 mm? crystal up to 7.4 kBq per human body
using the SRP-68-01 gamma-radiometer radiometer with attached scintillation detector based on a NaI(Tl) @ 30 x
25 mm? crystal in adults under the 60 seconds measurement time. The respective values for adolescents and chil-
dren were within 0.8-5.6 kBq per body and 0.5-3.8 kBq per body.

Key words: WBC-measurements, radioactive cesium, SRP-68-01 radiometer, NC-482-BM one-channel spectrometer,

minimum detectable activity (MDA).
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BCTYII
BpaxoByroun Ha OaHWil 4ac ITIBUIIEHHS BUMOT IO
SIKOCTi JO3UMETPUYHOI iH(OopMallii, CTBOPEHHS Iep-
COHI(hiKOBAHUX PEECTPIB IHAWBIAYATHHUX JTaHUX IIOI0
CTaHy 3I0pOB'S Ta MPOMEHEBUX HaBaHTaXKEHb KUTEJIiB
VYKkpaiHu, mocTtae 3agada aHajli3y i peBidii 0a3m maHUX
JIBJI-BuMiploBaHb BMICTy iHKOPIIOPOBAaHOTO paaio-
e3ito, sIKi Hagasi OyayTb BUKOPUCTAHI IS TPOBEASHHSI
IIMPOKOMACIITAOHUX eIiIeMiOOTiYHNX 1 KIIHIYHUX
JociigkeHb [1—4]. Haii6inbm BaXJIMBUMU 1 LiIHHUMU
IJIST DOCHIIKEeHb € pe3yIbTaTy BUMipIOBaHb, BUKOHAHMX
y 1986 powi, Koiu O03U BHYTPILIHBOIO OIPOMIHEHHS
HaceneHHs Oynu Haibinpmmmu [1]. OmgHak, came us
iHdopMallis € HalOiIbII MTPOOJIEMHOIO, OCKITBKU pO0O-
TH IIOJ0 BU3HAYEHHS 103 BHYTPIIIHBOIO OIIPOMiHEHHS
TUILKY MOYMHAJIUCS, He OyJI0 clielialbHUX TIpUaaiB Ta
METOJUK JUIsl 3a0e3MeYeHHsT TaKuX pooit [5].

¥V 6a3i nanux (bJ1) Binniny no3umMerpii HaioHaabHO-
ro HayKOBOTO LIEHTPY pajdialiiiHOl MeIUuLUHU
(HHLIPM) 1986 poxky € 29 776 3amuciB 3 pe3yibTaTaMu
JIBJI-BuMipioBaHb, SKi HagiflIM 3 pPEECTPY HAAHUX
MO3 VYkpaiHu Ha nmanepoBUX HOCisSIX Ta MepeHeceHi B
enektpoHHy bJI. Ha xxanb, 3a uMMuM 3anuMcamMy 4acTo
HEMOXJIMBO BCTAHOBMUTH, Ha SIKMX KOHKPETHO IpuJja-

INTRODUCTION

Considering the contemporary reinforcement of
requirements to dosimetry data, establishing of
personified registries for individual data on
health and radiation doses in population of
Ukraine the task has emerged to analyze and
review the database of WBC-measurements of
incorporated radioactive cesium that will be
later applied in the wide-scale epidemiological
and clinical research [1—4]. Measurement
results received in 1986 are the most valuable, as
at that time the internal radiation doses were the
highest [1]. These data however are the most
challenging as the work on identification of
internal radiation doses is just initiated, whereas
at that time there were no specialized devices to
be applied [5].

There are 29,776 records in database (DB) of the
National Research Center for Radiation Medicine
(NRCRM) Dosimetry Department on WBC-meas-
urements made in 1986. Records in electronic data-
base were made in due time using data received as
hard copies from the Data Registry of the Ministry of
Health of Ukraine. Unfortunately it is often

(1) 120
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Jax Oynu BUKOHAHI Ti 4M iHLI gocuimkeHHs. OmHak
BCTAHOBJIEHO [5], 0 y HaA3BWYAHIN CUTYyallii y 3B'I3-
Ky 3 aBapi€to Ha YAEC Haibinbil pealbHUM i JOCTYII-
HUM IS IIBUIKOTO padiallifHO-T103UMETPUYHOTO 00C-
TEXXEHHSI HacCeJICHHsI BUSBHUBCS METOH BUKOPUCTAHHS
TUIOBOI BITYUM3HSIHOI alapaTypu, sIKO OyJIM OCHalleHi
pangionoriuni migpo3ainu CEC, reojioriuyHi maprii,
CIyXkO0M panialliiHol 0e3meKd MiAMPUEMCTB i Op-
radizauii. e cumHTUASALINAHI ramMma-pagiomeTpu adbo
OJHOKAaHaJIbHi crnekTpoMeTpu. Jlo 4uciaa Takux MOpu-
naniB BimHocaTbes pamiomerpu JAIT-5, CPIT-68-01 3i
CHUMHTUISALIMHUM HuiHApuIHUM Kpuctasiom Nal(TI)
30 x 25 MM?, 9KUii Ma€ HWXHIA €HepreTUYHUI ITopir
muckpuminanii 35 keB, BiTumsnsuuit 'TPM-01-11 3
kpucraiaoM 40 x 40 mm?, RFT-20046 (¢pipmu PoborpoH,
I'TP) 3 kpuctanamu 25 x 25 mm? 1a 40 x 40 MM?, IKi Ma-
IOTh MOXJIMBICTh PETryJIOBaHHS 1 BCTAaHOBJICHHS
HUKHBOT'O Ta BEPXHBOT'O PiBHSI eHePreTUYHOIOo Jiarna3o-
HYy peecTpallii raMMa-BUIIPOMiHIOBaHHS. 3aleKHO Bif
e(eKTUBHOCTI JE€TeKTOpa i YMOB BUKOHAaHHSI BUMipIO-
BaHb, HIKHSI MeXa YyTIMBOCTI TaKUX npuiamiB 3a 'Cs
3HaxonuThed B Mexax Big 1 mo 20 KBk - opranism™ nipu
CTaTUCTUYHIK moxubui 50 %, a TNPOAYKTUBHICTH
BUMipIoBaHb ckiagana 20—60 oci6 - rox! [6]. OueBua-
HO, M0 1€ HaMMEHII TOYHMM, ajle B TOM XK€ 4ac
HaWOiAbII JOCTYNMHUN 1 MPOCTUII CIOCiO OLIIHKU
palioaKTUBHOCTI B TiJli JIOOAMHMW Ha MOMEHT aBapii Ha
YAEC. 3actocyBaHHSI TaKoro poay 3aco0iB BUMipIo-
BaHHS OyJIO 0OYMOBJICHO BiICYTHICTIO cIieliajli3oBaHO1
arapaTypyd KOHTpPOJI PiBHIB BHYTPillIHbOTO OII-
pomiHeHHs1. BoHM Manu 6araTto HEIOJiKiB — He JaBau
iHdopmallii mpo i30TOMHMIA CKJIal BUIIPOMiHIOBAaHHS,
He 3a0e3IevyBaiy HeOOXiTIHOTO PiBHSI TOYHOCTI Pe3yJib-
TaTiB BUMIipIOBaHb i MaJi HU3bKY YyTIMBICTh. OmHAK,
3aBISIKM MaKCUMaJbHIM TIPOCTOTI iX MPaKTUYHOI pe-
amizanii BXe B JIUIHI 1986 p. BIajaocst po3ropHyTH 3aX0-
I 3 MAacOBOTO OOCTEXKEHHSI HaCEJICHHs IIOJ0 BM3HA-
YeHHSI piBHiB BHYTPILLIHBOIO ONPOMiHEHHS [7].

Pesynsratu JIBJI-BuMmipioBaHb, BUKOHaHMX y 1986
polui, € nyxe BaxauBumu. OaHakK caMe Li AaHi MalOThb
CYTTEBI iH(popMaLiiiHi nporaJuHu. OgHa 3 OCHOBHUX —
MpaKkTUYHA BigCcyTHiCcTH iHdopmanii mpo MJIA (MiHi-
MaJiIbHO-JEeTEeKTOBAHY aKTUBHICTh) MPOBEACHUX BUMi-
proBaHb. OcKibKM 3HaYHa yacTuHa 3anuciB B MaloTh
3HAUEHHSI BMICTy 1HKOPIIOPOBAaHOTO pajiolesiio,
Huxui Big MJIA BUMiproBaHHS, AJs iHTepIIpeTalii pe-
3yJIbTaTiB BKpall BaxkJIMBO 3HATH 3HAYEHHS LIOTO Ia-
pameTpy.

unknown at what type and model of equipment the
exact measurements had been made. Nevertheless it
is clear [5] that under an emergency of the ChNPP
accident the application of domestically produced
typical devices was the most real and available for the
prompt radiation-dosimetry examinations in popu-
lation. The radiological units of sanitary and epi-
demiological stations, geological field parties and
radiation safety services of enterprises and organiza-
tions were equipped with such devices, namely with
gamma-radiometers and one-channel spectrome-
ters. There are among them the radiometers DP-5,
SRP-68-01 with attached scintillation cylindrical
Nal(Tl) 30 x 25 mm? crystal featuring the 35 keV
lower energy discrimination threshold, the home-
produced GTRM-01-Ts with 40 x40 mM? crystal, and
RFT-20046 (Robotron Co., East Germany) with
25 x 25 mm? and 40 x 40 mm? crystals capable for
adjusting and fixing the upper and lower thresholds of
energy registration range of gamma-radiation. The
lower sensitivity threshold for Cs depending on
detector efficacy and measurement conditions is
within 1—20 kBq per human body under the 50% sta-
tistical uncertainty. The performance rate of meas-
urements is about 20—60 persons per hour [6].
Obviously it was the least precise but the most avail-
able and simple approach of radioactivity assay in
human body at the time of the ChINPP accident.
Application of such a kind of measurements was stip-
ulated by no any specialized equipment available to
count the internal irradiation levels. Such devices
featured a lot of drawbacks, namely they provided no
data on isotope spectrum of radiation sources, no
enough level of measurement accuracy and were of
low sensitivity. However due to the extreme simplici-
ty of their implementation the arrangements on
wide-scale public measurements of internal radiation
levels were launched in July 1986 [7].

Results of measurements made in 1986 are
especially valuable. But there are substantial
information gaps just in these data. Firstly there
is almost no information on the MDA (minimal
detected activity) of conducted measurements.
And as there are many records in DB with meas-
ured values of incorporated radioactive cesium
under the MDA threshold it is actual to identify
the value of this parameter to interpret the
results.
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META JOCJIIJIZKEHHA

MeToro nociiaKeHHs 0yau eKcriepuMeHTalbHEe BiTHOB-
JIEHHsI rpoleaypu rposeneHHs JIBJI-BumiproBanb 1986
pOKY i oOliHKa iX MiHiMaJbHO-JETEKTOBAHOI aKTUB-
HOCTI.

MATEPIAJIN TA METOJIU JOCILIZKEHHA
PobGotu 3 BimHOBAeHHs npoueaypu JIBJI-BuMiproBaHb,
sIKi BUKOHYBauch y 1986 poti, Ta Bu3HayeHHs ix MJIA
Oynu mpoBeneHi Ha ramma-pamiomerpi CPIT-68-01 3i
CHUHTUJISLIAHUM IETEeKTOPOM Ha OCHOBI KPHUCTAaILy
Nal(Tl) @ 30 x 25 mm* (puc. 1) Ta ogHOKAHAILHOMY
criekrpoMeTpi NC-482-BM (dipmu Bicron) 3i climHTIS-
LiitHM eTekTopoM Ha ocHOBI Kpuctany Nal(Tl) & 52 x
52 mm? (puc. 2). Cnig 3a3HAYUTH, 1110 TaKi IPUCTPOI Ha
JIAHUIA 9ac BXe Malike He BUKOPUCTOBYIOTBHCS.

OBJECTIVE

Experimental reconstruction of the historical
WBC-measuring procedure in 1986 and estima-
tion of the minimal detecting activity of those
measurements.

MATERIALS AND METHODS

Activities on reconstruction of the historical WBC-
measurements in 1986 and assay of their MDA were
held at the SRP-68-01 gamma-spectrometer with
attached scintillation detector with Nal(Tl) & 30 x
25 mm? crystal (Figure 1) and NC-482-BM one-
channel spectrometer (Bicron Co.) with attached
scintillation detector based on a Nal(Tl) & 52 x 52
mm? crystal (Figure 2). Noteworthy that such
devices are almost no more used nowadays.

PucyHoK 1. lamma-pagiomerp CPM-68-01 3 NaI(Tl)
aetektopom I 30 x 25 mm?

Figure 1. Gamma-radiometer SRP-68-01 with
NaI(Tl) detector & 30 x 25 mm?

Pamiomerp CPII-68-01 3i CUMHTWISLIMHUM ILMJIiH-
apuyHuM kpuctagoM Nal(T1) & 30 x 25 Mm? Ma€ HIKHII
€HepreTUYHUN Tmopir auckpuMiHamii 35 keB. [lua
cnektpomeTpa NC-482-BM 0yJi0 BCTaHOBJIEHO €Hepre-
TUYHUM niana3oH peecrpauii 500—900 keB, gkuit nae
MOXJIMBICTh PEECTPYBATH TaMMa-BUITPOMiIHIOBAHHSI, 1110
YTBOPIOETHCS MPU po3nani pagionykiinis *’Cs (1iHii 662
keB 3 kBanToBUM BuxoaoM 0,85 y-KBaHTIB Ha po3Nna) Ta
Cs (rinii 563, 569, 605, 796 ta 802 keB 3 KBaHTOBUM
Buxogom 0,08; 0,15; 0,98; 0,85; 0,09 — BinnosinHo) [8].

BuwmiproBaHHs Oyso mmpoBeneHo B reoMeTpii «ITiBHiu» —
JETEKTOP PO3MIillleHO TePIeHANKYISIPHO 10 XKUBOTA, TI0-
JIOXKEHHS JIIOAUHU — CUASYM 3irHyBIIUCH. Lle HalibiibIn
3aCTOCOBYBaHA T€OMETPisl IS TOCiIKYBaHUX MIPUIaiB,
OCKIJIbKM BOHA 3a0e3Meuye HalOiIbIry YyTIMBICTh BUMI-
proBaHHS (puc. 3).

PucyHoK 2. OgHoKaHanbHui cnektpometp NC-482-
BM 3 Nal (Tl) petektopom & 52 x 52 Mm?

Figure 2. One-channel spectrometer NC-482-BM
with NaI (Tl) detector & 52 x 52 mm?

The lower discrimination threshold of SRP-68-
01 radiometer with cylindrical scintillation Nal(Tl)
@ 30 x 25 mm? crystal is 35 keV. The 500—900 keV
registration energy range was established for the
NC-482-BM spectrometer providing the detection
of gamma-radiation emitted in the decay of '¥'Cs
(662 keV lines with quantum efficiency of 0.85 y-
quantum per decay) and **Cs (563 keV lines, 569,
605, 796 and 802 keV with quantum efficiency of
0.08, 0.15, 0.98, 0.85, and 0.09 respectively) [8].

Measurements were taken in the «North» geom-
etry i.e. with detector placed at right angels to
abdominal wall in sitting position with bending. It
is the most widely used geometry for the applied
devices as the highest measuring sensitivity is pro-
vided thus (Figure 3).
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PucyHoK 3. leometpisa «niBHiu» a60 «CUAAYM 3irHYBIINCDY»

Figure 3. The «North» geometry i.e. «sitting position with bending»

PE3YJIBTATU TA OBITOBOPEHHA
IIpu BimHOBJEHHI METOAMKM BHUMIipIOBaHHS OYyJ10 BUPpI-
IIEHO OKpeMe MUTAaHHSI BUBYCHHS e(DeKTy eKpaHyBaHHS
¢ony Tinom moauHu. I 3acTOCOBaHOI HAMU TeoOMeTpil
«ITiBHiU» — 1€l eeKT BHOCUTDH CYTTEBUI BKJIAld B pe-
3yabTatu. sl loro BU3HaYeHHs MU BiniOpaau pe3yiabra-
TU BUMIipIOBaHHS 0Oci0 i3 umcia nauieHTiB IlomikiiHiku
panianiitHoro peectpy (ITPP) HHIIPM, otpumaHi 3a no-
nomoroio JIBJI «CkpuHHep-3M», BMIiCT iHKOPIIOpPOBaHO-
ro 7Cs gkux € 3Ha4HO MEHIIUM, Bi ouikyBaHoro MJIA.
M/IA BumipioBaHHs, mpoBeaeHoro Ha JIBJI « CkpunHep -
3M», cranoBuTth 0,3 Kbk pamionesito a1t 1OpoCyoil Jro-
JUHU 3a yac BuMiproBaHHs 300 c.

st ogHokaHanbHOro aHafizatopa NC-482-BM i3 ne-
TekTOopoM & 52 x 52 Mm? Koe(dillieHT eKpaHyBaHHS Ko,
OIMHUCYEThCSI E€KCITOHEHLiabHOI (yHKIieo 1, 110
LIJIKOM CIiBMaaa€e 3 MpoBeIeHUMU paHillle JOCiIKeHHSI-
mu [9]:

K,, =0.5+exp(-0.25-v/M), 1)

Je M — maca Tina JIOIMHMU, KT

Hna pagiometpa CPIT1-68-01 Bu3HadyeHMt HaMu edeKT
eKpaHyBaHHSI MEHII 3Hauymuii (puc. 4) i onmmcyeThes
¢yHKLi€IO 2:

K,, =0.5+exp(-0.25-VM), )

Coin 3a3HaunTH, 110 KOedIIliEHT eKpaHyBaHHS, K Oy-
JIO JOCTiIKEeHO paHile [7], 3a1eXXuTh Bil YMOB BUMipIO-
BaHHSsI, TOJIOBHUM YMHOM, Bill aHi30TpOIIii i mepeBaKHOTO
HaMpsIMKy IOTOKY ()OHOBOTO OMPOMIHEHHSI, a TAKOXK BiJl
BKJIaAy B iHTE€pBaJ peecTpallil 1oro po3cissHOI KOMITOHEH-
TH, Ha 110, Y CBOIO Yepry, BIUIMBAE B3a€EMHE PO3MIilLIEHHS
JleTeKTopa i OTOouyrouux Koro mpeameTiB [7]. ¥V Toil xe
yac, MpU 3MiHi YMOB MPOBENEHHS BUMipIOBaHb 3 10C-
TaTHBOIO TOYHICTIO 30epiraerbcst (PyHKIiOHaTbHA 3a-

RESULTS AND DISCUSSION
Issue of background-shielding effect of human body
was separately concerned within dosimetry
approach reconstruction. This effect makes a signif-
icant bias to the results under an applied «North»
geometry. To evaluate this effect we have selected a
set of measurement results in the patients of the
NRCRM Radiation Registry Outpatient Clinic.
Results were received at the WBC «Screener-3M»
where the content of incorporated '¥Cs is much
lower vs. the expected MDA. The MDA measured
on WBC «Screener-3M» is 0.3 kBq of '¥'Cs for an
adult for 300 seconds of measurement time.
Shielding factor Fy, for the NC-482-BM one-
channel spectrometer with scintillation detector
based on a Nal(Tl) & 52 x 52 mm? crystal is
described by exponential function (1) being in a
complete accord with previous studies [9]:

F,=0.5+exp(-0.25-+/M), (1)

where M is a human body mass in kg.

Revealed shielding effect was less significant for
the SRP-68-01 radiometer (Figure 4) being
described by function (2):

F,=05+exp(-025-M), (2

Of note, as it was found earlier [7] the shielding
factor depends on measurement conditions and
first of all on anisotropy and predominant direction
of a background radiation. Contribution of the dis-
persed component of radiation into the registration
interval is meaningful too, being in its turn under
an impact of positional relationship of the detector
and surrounding items [7]. Functional dependence
of Fsh is preserved with enough accuracy for vari-

123 &




ENIAEMIONIOrNIA

TA n03 UMETPIA ISSN 2304-8336. [TpoGnenm pagiauiiHoi mequunru 1a pagiobionori = Problems of radiation medicine and radiobiology. 2016. Bun. 21.
1 : : : : ‘

0.95 |- z |
= e CPN-68-01 / SRP-68-01
,§ 09 TSl K,,=0.83+03exp(-0.26-4M) |
? Tt K, =0.83+0.3exp(~0.26-VM)
= =\  TTT=———
w 085-  \ . TTTTee—— . |
=
S
© 08f |
=
7]
~
g 0751 |
o
o0
g 065 |
;’ K., =0.5+exp(-0.25-M)

06 K, =0.5+exp(-0.25-/M)
Cnektpometp NC-482-BM / NC-482-BM spectrometer
0.55 L L L L L
0 20 40 60 80 100
Maca, Kr / body mass, kg

PUCYHOK 4. ®yHKuii KoediyieHTa ekpaHyBaHHA (oHY Ti
i3 kpuctanom & 52 x 52 mm?

nom nioanHun pna npunagie CPM-68-01 ra NC-482-BM

Figure 4. Function of human body background-shielding factor for the SRP-68-01 device and NC-482-BM

device with @ 52 x 52 mm? crystal

JIEXHICTh Ko, IS PI3HUX BiKOBUX TPyM, TOOTO KO-
edillieHT eKpaHyBaHHSI, OTPUMaHWI B JIAOOPATOPHUX
YMOBaXx JUISl JAHOTO MPUJaay 3 TOUHICTIO A0 MOCTiHOTO
MHOXHWKA K, — MorpaBoyHUil KoedillieHT, MOXHa 3ac-
TOCOBYBaTU B iHILMX yMOBaX BUMiploBaHHs. ToOTO, pe-
aJbHe 3HaYeHHs KoedillieHTa eKpaHyBaHHS BU3HAYAETh-
cs1 Ge3rocepeIHbO Ha MiClli TTPOBEAEHHS BHUMipIOBaHb i
3BOIMTHCS IO BU3HAYEHHS TOMPABOYHOIO KoedillieHTa
K, nmuiie st ogHiel BiKoBoil rpynu. fK moka3aB JOCBif,
IUISL BU3HAYEHHS K, B HECTAL[IOHAPHUX yMOBAaX BUMipIO-
BaHb y SIKOCTi «(hOHOBOTO (haHTOMa» MOXHa BUKOPUCTa-
TU BUMIpPIOBaHHS «4UCTOI» JIIOAMHU (3 BMICTOM palioak-
TUBHUX PEYOBUH 3HAYHO HIKYMUM Big MIA npunany):

3

exkpR
r bl

K exkpF
ne Kepr — KOEDILIEHT eKpaHyBaHHS, BUSHAYECHUIA B pe-
aJIbHUX YMOBAaX BUMipIOBaHHS 3 BUKOPUCTAaHHSIM «(O-
HOBOTO (paHTOMa»;
Koy — KOCDILIIEHT eKpaHyBaHHS, BUBHAYEHUI B CTallio-
HapHUX YMOBax Il JaHOro Npuiiany (3a popmyiaamu 1i2).
JlociaKeHHS 111010 BiIHOBJIEHHS METOAMKIN BUMIipIO-
BaHHs O0yJ10 NPOBEAEHO B YMOBAaX TPhOX PiBHIB pajdialiii-
Horo ¢ony — 0,5; 161 25 MxP - rox! (ta6a. 1). Ha xainb,
CTBOPUTU YMOBH 3 OiIbLIIMM piBHEM pafialliiHOTro (poHy
He OyJ10 MOXJIMBOCTI.

ous age groups at the same time i.e. the shielding
factor assayed in laboratory settings for the specific
device with accuracy up to the constant multiplier
value F, (adjustment factor) can be applied in other
measurement conditions. In other words the real
value of shielding factor is identified just at a place
of taken measurements and comes to determina-
tion of an adjustment factor F, for a specific age
group. As experience has shown, the measurement
of a «clean» human (with content of radioactive
substances under the MDA of a device) can be used
as a «background phantom» for the F, assay in
unsteady conditions of measurements.

F

shR

Fth

a

3)

where Fyr — the shielding factor assayed in the real
settings of measurement using a <«background
phantomy»;
Fsnr— the shielding factor assayed in the steady con-
ditions for a specific device (using equations 1 & 2).
Study on reconstruction of the measurement
approach was held under the conditions of 3 radiation
background levels, namely 0.5, 16 and 25 mR - hour!
(Table 1). Unfortunately the environment with
higher radiation background was unavailable.
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Ta6auusa 1

Pe3ynbTaTn BU3HayeHHA Koed)illieHTa eKpaHYBaHHA B YMOBaXx pi3Hux piBHiB paaiauinHoro ¢oHy

Table 1

Shielding factor values under the several radiation background levels

Famma-pagiometp CPM-68-01
3 Nal getektopom & 30 x 25 mm?

OpHokaHanbHuii cnektpometp NC-482-BM
3 Nal getektopom & 52 x 52 mm?

Maca, kr CPMN-68-01 gamma-radiometer NC-482-BM one-channel spedrometer
Mass, kg with Nal & 30 x25 mm2 detector with Nal & 52 x 52 mm2 detector
0,5mkP-ron' 16 mkP-rog' 25mkP-rog! 0,5 mkP-rog' 16 mkP-rog! 25 mkP-rop!
0.5uR * hour' 16 uR - hour' 25uR - hour' 0.5puR - hour' 16 uR - hour' 25 R - hour!
Ko/ Fa 1,0 1,0 1,09 1,03
[utuna / child 11 1,0 0,96 0,96 1,0 0,99 0,97
Nignitok / adolescent 27 1,0 0,91 0,91 1,0 0,84 0,91
[lopocnmit / adult 67 1,0 0,86 0,86 1,0 0,69 0,65

OpHak, 3BaXKalody Ha Te, 10 OyOb-sIKi CIIEKTPOMET-
pUYHI BUMIpIOBaHHS IPOBOASITHCS B YMOBax 3abe3re-
YeHHSI MiHiMaJIbHOT'O PiBHS (DOHOBOT'O OIPOMiHEHHS 3
METOI0 MiABUILEHHS YYTJIMBOCTI BUMIipIOBaHHS, BBa-
JKAEMO, 110 TaKi HOCHIIKEHHS € TOCTaTHIMU JJIs1 OTPU-
MaHH# olliHKu MIA. Byso Bu3HaueHo KoedillieHTH eK-
paHyBaHHS U1 TPhOX BIKOBMX I'PYIl y peajJlbHUX YMOBaX
MPOBEIECHHST BUMipIOBaHHSI.

st TouHOro BU3HAUYEHHST €(heKTUBHOCTI peecTpallii
npuiaaiB, y Ieplly yepry, BUMiptoBaHHs OyJ10 IpoBeje-
HO B HM3BKO(OHOBIi#l KaMepi eKCIePTHOTrO JiUnIbHUKA
BunpoMiHoBaHHs moauHu [10]. MJIA ramma-crekTpo-
METPUYHOI «JIiHiliku» excnepTHoro JIBJI cTtaHOBUTH
0,02 xbk pagiouesito 3a yac BumiproBaHHs 600 ¢ 11 10-
pocJoi monuHu. PoH BcepenrHi Kamepu ctaHoBUB 0,5
MKP - roa-1. BumiproBaHHs Oyi0 IpOBEAEHO JJISI TPhOX
BIKOBUX TPyl — AWTUHA, MiIJITOK, AOpOCJa JIOAUHA.
g Bu3HaueHHS KoedillieHTa KalxiopyBaHHS OyJIu BU-
KOPUCTaHi TOMOTeHHi (DaHTOMM TiJla TIOJUHU 3 pamdioak-
TUBHUM HamoBHIoBaueM [11] (puc. 5). XapakTepucTUKu
¢danToMiB mpuBeAcHi B Ta0. 2.

EdexTuBHicTh peecTpaliii & BU3Havanach 3a hhopMysia-

MMU:
N = Q - Ke}cp ) Q([)(}Hy s (4)
N
= 5
é 1 ) Arj)anmmm ’ ( )

e Q — 3arajbHa KiJIbKiCThb iMITyJIbCIB Bil (paHTOMA JTI0-
JIVHU 32 ONVHMIIIO Yacy, ¢

Qgony — KUTBKICTb iIMITYJIbCIB (DOHY 32 OMMHUIIIO Yacy , ¢™';
N — KiJIbKiCTh «<KOPUCHUX» iIMITYJIbCIB, 32 BUpaXyBaHHSIM
iMnysbciB ony, ¢';

I — KBaHTOBUII BMXiJ g-KBaHTiB BUMipIOBaHOTO
pazioizororty, po3mnaz’

Aganmona — BMICT 'Cs y cbaHTOMi, BK.

Considering however that any spectrometric
measurements are taken under the providing of
minimal background radiation levels aiming to
increase measurement sensitivity we consider
such studies sufficient to receive the MDA esti-
mates. Shielding factor values were received for
the 3 age groups in real conditions of taken meas-
urements.

Measurements were taken first of all in a low-back-
ground chamber of the expert whole-body counter to
assay precisely the registration efficiency of devices
[10]. The MDA value of gamma-spectrometric
«line» of expert WBC is 0.02 kBq of radioactive
cesium for the measurement time of 600 seconds in
adult human. Radiation background inside the cam-
ber was 0.5 mR - hour-1. Measurements were taken
for the 3 age groups, namely children, adolescents,
and adults. The homogenous phantom human bod-
ies filled with radioactive substance were used to assay
the value of calibration factor [11] (Figure 5).
Parameters of the phantoms are listed in Table 2.

Registration efficiency & was assayed by the

equations:
N = Q - Fsh ) Qbackgr s (4)
N
S="—", &)
IA phantom

where Q — total number of pulses from a phantom
per time unit, sec™;

Obackgr — number of background pulses per time
unit, sec;

N — number of «useful» pulses with background
impulses subtraction, sec™';

I — quantum efficiency of g-quanta of the tested
isotope, decay™;

Aphanom — "*’Cs content in the phantom, Bq.
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PucyHOK 5. HacunHi pagioaktuBHi romoreHHi haHTOMM Tina noaMHK, 3aCTOCOBAHI ANA NpoBeAeHHA pobiT

Figure 5. The poured homogenous radioactive phantoms of human body used in the studies

Ta6nuusa 2

Jllo3umeTpuyHi Ta aHTPONOMETPUYHI XaPaKTEPUCTUKU PafioaKTUBHUX FOMOTEeHHUX (haHTOMIB Tia NOAUHU

Table 2

Dosimetry and anthropometrical parameters of homogenous radioactive phantoms of human body

BikoBa rpyna Maca, kr 3picT, cm AxtugHicTb '¥’Cs, KBK
Age group Mass, kg Height, cm 187Cs activity, kBq
«[jtn» / «children» 11 78 3,8
«[Mignitkm» / «adolescents» 27 131 9,2
«[opocni» / «adults» 67 174 23,0

KaniopoBounuii koediieHT Ky, pO3paxoByBaiu 3a
dopmyoro:

A
hanmoma ( 6)

“ T NM '

¢anmoma

MiHiMalbHO-AETEKTOBaHY aKTUBHICTb BU3HAUEHO 3a
crpoleHoo dopMynoro. OCKiJIbKKA 4ac BUMipIOBaHHS
JIIOAUHM i (POHY OJHAKOBi, a y BUMAAKy BiJOMOIO,
cTabinbHOrO (POHY i IIpM AOBipUiii iMoBipHOCTI p = 0,95
Ta MPUINHSATIN BiTHOCHI# MTOXMOIi BUMipIOBaHHS BN~
yuHy MJIA 1DomnycKaeThCs BU3HAYaTH 3a (hOPMYJIOIO

[12, 13]:
2. \/ Qq}ouy
, (7)
éz ) I ) \/7T sUMIpY

Taki X BUMiplOBaHHS OyJIM MpOBEIEHi B yMOBax
pamianiitHoro ony 16 MxP - rog!, 25 MxP - ron™'.

Pesynbratu mpoBeeHUX BUMipIOBaHb MPEACTaBIICH Y
tab1. 3. Ha puc. 6 npencrasieHi KoedillieHTH Kaliopy-

MJIA=

Calibration factor F.. was calculated by formu-
la:

F
phantom (6)

F =
calib NM

phantom

The minimal detected activity was assayed by the
simplified formula. As the measurement time for
both human and background is the same, than in
case of stable known background, confidential
probability of 0.95 and accepted measurement
uncertainty the MDA value can be assayed by the

formula [12, 13]:
2 ’ oY Qbackgr
, (D
5 ) I ’ \/7Tmeasurement

The same measurements were taken under 16
and 25 mR - hour! radiation background levels.

Measurement results are listed in Table 3. Figure
6 shows the calibration factors Fcalib received for

MDA=

(1) 126
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BaHHs Kkan, orpumani misi ramma-pamgiomerpa CPIT-  the SRP-68-01 gamma-spectrometer and NC-
68-01 i omHokaHanbHOro criektpomerpa NC-482-BM  482-BM (Bicron Co.) one-channel spectrometer
(pipmu Bicron) 3i cumHTMISLIMHUM AeTekTopoMm 3  with scintillation detector with Nal(Tl) & 52 x 52
kpucragom Nal(Tl) & 52 x 52 mm? B ymoBax pisHnx  mm? crystal under a range of radiation background
PiBHIB pafialitHOTO (PoHY. levels.

3a pesyabraTaMu aHanizy 6a3u gaHux JIBJI-BuMmipro- From the review of DB records on WBC-meas-
BaHb 1986 poky 0ys0 BumineHo 2305 pesynbraTiB BuMipio-  urements in 1986 the 2,305 measurement results
BaHb, SKi Maju HaiOinaplly iHdopmaliiiHy 3abe3me-  were selected having the best information available

Ta6nuua 3
NlosumeTpuuHi xapaktepuctuku npunapis CPM-68-01 Ta opHokaHanbHoro cnektpomerpa NC-482-BM 3 NaI(Tl)
AeTeKTopoMm J 52 x 52 MM?, BU3HaveHi npu BigHOBJIEHHT MeTOAUK BUMiploBaHHA 1986 poky

Table 3
Dosimetric parameters of the SRP-68-01 device and NC-482-BM 3 NaI(Tl) one-channel spectrometer with
& 52 x 52 mm? detector identified under the reconstruction of historical measurement approaches in 1986

PiBeHb papjauiiHoro KaniopyeanbHi

dony XapaKTepUCTUKK ®oH Bikosa rpyna / age group
Radiation background Calibration Background AUTUHA nigniTok Aopocnui
level characteristics child adolescent adult
Famma-pagiometp CPM-68-01 3 Nal getektropom & 30 x 25 Mm>
SRP-68-01 gamma-radiometer with Nal & 30 x 25 mm? detector
0,5MkP-rog” /R - hour” Q, imn-c” / pps 15 16,0 20,5 33,0
N, imn-c / pps 14,5 19,0 31,5
Ky, KBK*C*Kr™" / Frair, kBG - seC kg™ 0,024 0,018 0,011
&, BinH.00 / units 0,0045 0,0024 0,0016
MJA, Bk / MDA, kBq 0,60 0,12 0,18
16 mkP-rop™" / uR - hour Q, imn-c” / pps 60,0 75,0 79,3 96,6
N, imn-c / pps 17,4 24.7 450
Ky, KBK*C*Kr™" / Frair, kBG - seC kg™ Kp=1,0 0,020 0,014 0,008
&, BinH.0n / units 0,0054 0,0031 0,0023
MJA, Bk / MDA, kBq 3,24 5,50 7,20
25 MkP-rop™" / uR - hour! Q, imn-c” / pps 80,0 93,8 100,0 120,0
N, imn-c / pps 17,0 27,2 51,2
Ky, KBK*C*Kr™" / Fraiir, kBq* seC kg™ Kp=1,0 0,020 0,013 0,007
&, BinH.0n / units 0,0053 0,0035 0,0026
MJA, Bk / MDA, kBq 3,81 5,62 7,36

OnHokaHanbHuii cnektpometp NC-482-BM 3 Nal aetektopom & 52 x 52 mm?
NC-482-BM one-channel spectrometer with Nal & 52 x 52 mm? detector

0,5mKkP-ron” /R + hour” Q, imMn-x8" / pps 12 350 430 550
N, imn-xe™ / pps 338 418 538
Kian, KBK*C*KI™" / Foaib, kBqsec+ kg 0,0060 0,049 0,038
£, BigH.0f / units 0,0015 0,00075 0,00039
MIIA, Bk / MDA, kBq 0,08 0,15 0,29
16 MkP-rog™" / uR + hour™ Q, imMn-x8" / pps 489 829 928 1021
N, imn-xe™" / pps 339 517 684
Kican, KBK*C*KI™" / Feaib, kBqsec+ kg’ Kp = 1,09 0,060 0,040 0,021
£, BigH.0f / units 0,0018 0,00011 0,00058
MIIA, Bk / MDA, kBq 0,47 0,71 1,22
25 MkP-ron™" / 1R + hour™ Q, imMn-x8" / pps 600 929 1008 1096
N, imn-xe™" / pps 347 534 706
Kian, KBK*C*KI™" / Foai, kBq*sec+ kg Kp = 1,03 0,060 0,039 0,019
£, BigH.0f1 / units 0,0018 0,00112 0,00060
MIIA, Bk / MDA, kBq 0,52 0,75 1,26
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PucyHoK 6. KoediuieHTn kaniopyBaHHa Kyas ana npunapie — y-papiomerp CPM-68-01 3 CUMHTUNALIAHUM UU-
ninapuyHum Kpuctanom NaI(Tl) & 30 x 25 mm? Ta ogHOKaHanbHoro cnektpomerpa NC-482-BM (cdipmu Bicron)
31 CUMHTMNALIAHUM feTekTopoM 3 KpucTanom NaI(Tl) & 52 x 52 mm? B ymMoBax pi3Horo papaiauiiiHoro ¢oHy

Figure 6. Calibration factors Fcaiiv for the SRP-68-01 y-radiometer with NaI(Tl) & 30 x 25 mm? cylindrical
scintillation crystal and NC-482-BM (Bicron Co.) one-channel spectrometer with scintillation detector with
NaI(Tl) & 52 x 52 mm? crystal under the range of radiation background

YEHICTh 111010 XapaKTEePUCTUK BUMiploBaHH:. 151 Takux
JaHVX BIAJIOCS BCTAHOBUTH KaJliOpyBaibHi KOeilliEHTH.
Cnin 3a3HauYMTH, IO OTPUMMaHi KaliOpyBajabHi XapakTe-
PUCTUKHU J1al0Th MOXJIMBICTb 3pOOMTH BUCHOBKHU IIOAO
3aCTOCOBAHUX MPU BUMipIOBaHHSX y 1986 poili mpuiagax.
CriBCcTaBIII0YM KaJliOpyBaibHI KOeMilliEHTH, OTpUMaHi
3a pe3yJibTaTaMM aHajli3dy 0a3u JaHUX Ta MPOBEJCHUX Ha-
MU eKCHepUMEHTaJbHUX POOIT, MOXHA 3POOUTU BUCHO-
BOK, 110 1I¢ Oy/IM SIK OMHOKAHAJbHi CIIEKTPOMETPH 3 KO-
ediientom kaniopyBanHs 0,033—0,062 Kbk - ¢ - k!, Tak
i, CKopilll 3a Bce, pagioMeTpu ado 3K OAHOKAaHAJbHI CIIeKT-
POMETPH 3 KPUCTAIOM Maioro 06’emy (20 x 20 Mm?) 3 Ko-
ediuienTom Kaniopysanus 0,007—0,012 kbk * ¢ - k1.
TakuM yrHOM, 3a pe3yabTaTaMy NPOBEACHUX HAMU 10~
caimxkenb MJIA JIBJI-BuMiploBaHHS 3aJIEXKHO Bif BUKO-
PUCTAHOTO TIPUJIAAY JIEXKUTh Y MexXax 1,3 Kbk - opranizm
!y BUITaIKy 3aCTOCYBaHHS OJHOKAHAJIBHOI'O CIIEKTPOMET-
pa NC-482-BM i3 Nal(T1) netekropom & 52 x 52 Mmm2 10
7,4 kBK - opraHizm™' — y BUNaaKy 3aCTOCYBaHHSI TaMMa-
pamiomerpa CPIT-68-01 mig mopocioi JIoguHU Py Yyaci
BuMiproBanHs 60 c; Bix 0,8 Kbk - opranism™ mo 5,6 kbxk -
oprasisM’', BimmoBinHO — i migtiTka, Ta Big 0,5 Kbx -
opranisaMm™” 1o 3,8 kbk - opranizm’!, BinmoBimnHO — s
qutuHn. Crrin 3a3HaYMTH, IO 3a pe3yJabTaTaMi pPOOOTH

(1) 128

on radiation characteristics. It has turned out well
to establish the calibration factors for those data.
Of note the received calibration characteristics
make it possible to outline the conclusions on
examples of historical measurements in 1986.
Comparing the calibration factors received from
the database review and conducted experimental
studies a conclusion can be made that there were
the one-channel spectrometers with calibration
factors of 0.033—0.062 kBq - sec - kg! and most
likely the radiometers or one-channel spectrome-
ters with low-volume crystals (20 x 20 mm?) and
calibration factor 0.007—0.012 kBq - sec - kg'.
Thus subsequent to the results of our studies the
MDA value of WBC-measurements depending on a
device is in a range from 1.3 kBq per human body in
case of the NC-482-BM one-channel spectrometer
with Nal(Tl) & 52 x 52 mm?2 detector up to 7.4 kBq
per human body in case of the SRP-68-01 gamma-
radiometer for an adult under the 60 seconds meas-
urement time. For adolescents and children the
respective values are from 0.8 to 5.6 kBq per human
body and from 0.5 up to 3.8 kBq per human body. It
should be underlined that according to the research




ISSN 2304-8336. lpobnemn paniauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2016. Bun. 21.

EPIDEMIOLOGY

AND DOSIMETRY

I H. Kaiimanocekoro ta €. M. [oaripeBa (HII
paniauiitHoi ririenu, C.-IlerepOypr), MIA BuUMiproBaH-
HsI JJ11 JOPOCJIOl JIIDAWHU 3a TOM caMuil yac, BU3HaUYeHa
3a noniomoroto npunany CPIT-68-01, craHoBuTh 6,9 Kbk
- opradism™ mist pony 10 MxP - rox', Ta 9,8 Kbk * op-
ranism™ g ¢ony 20 MxP - rog! [14].

BUCHOBKH

BukoHaHo poOOTH 3 BiIHOBJEHHSI METOAUKU BUMIpIO-
BaHHS 1HKOPIIOPOBAHOTO padiole3il0 Ha TraMma-
pamioMeTpax Ta OJHOKAHAJbHUX CIIEKTpOMETpaxX Ha
npukiani ramma-pangiomerpa CPIT-68-01 ta ogHOKa-
HasibHOTO criekTpomeTpa NC-482-BM i3 Nal(Tl) nerek-
TOpoM & 52 x 52 MM?.,

Busznaueno ¢@yHkIii KamiOpyBalbHUX KoeillieHTiB
3aJIEXKHO BiJl BiKOBOI I'pynu ISl JOCTIIKYBAaHUX NPU-
JIaJiiB Ta MpoBeaeHo oliHKy MJIA BuMiptoBaHHS. OTpuU-
MaHi KajibpyBaJibHi XapakKTepPUCTUKMU OaIOTh MOX-
JIMBICTb 3pOOMTU BHUCHOBKHU IOAO 3aCTOCOBAHUX IIpU
BUMipioBaHHsX Y 1986 poui npuianax. CriBcTaBisioun
KaniopyBasibHi KoedillieHTU, OTPUMaHi 3a pe3yjabTaTaMu
ananizy b/l pesyabratiB JIBJI-BuMiproBaHb, Ta mpoBeae-
HUX HAMU €KCIIepUMEHTaAbHUX POOIT, MOXHa 3pOOUTU
BUCHOBOK, 1110 11€ MOIJIM OYTHU SIK OJHOKaHaJbHi CIIeKT-
poMmeTpu 3 KoediuieHnToM KamiopysanHsa 0,033—0,062
Kbk - ¢ - Kr'!, Tak i, cKopili 3a Bce, pagioMeTpu abo X Ofi-
HOKaHaJIbHI CIIEKTPOMETPU 3 OETEKTOPOM MaJioro
00’emy (20 x 20 mMMm?) 3 KoedilieHTOM KaliOpyBaHHS
0,007—0,012 kbk - ¢ - k.

3a NpoBeAeHOO OLIIHKOI MiHiMaJIbHO-/IeTeKTOBAaHA aK-
TUBHICTh BUMIipIOBaHb JIEKNUTh ¥ Mexkax 1,3 Kbk ¢ opra-
Hi3M™' y BUITAJIKY 3aCTOCYBaHHSI OTHOKAHAJIBHOI'O CIIEKTP-
ometpa NC-482-BM i3 Nal(Tl) nerekropom & 52 x 52 mm?
10 7,4 KBk - opraHisM™' — y BUIIaaKy 3aCTOCYBaHHS TaM-
ma-pagioMmerpa CPIT-68-01 mist mopocioi JI0AuHNA IpU
yaci BumMiproBanHs 60 c; Big 0,8 Kbk - opranizm™ 1o 5,6
Kbk - opranisMm’, BignmoBigHo — mia migiiTka, Ta Big 0,5
Kbk - opranism™! go 3,8 Kbk * opraniam™, BignoBigHO —
IUIST IATUHU.

OpHak, Cil 3a3HAa4YUTH, 110 Hallli po3paxyHKH 11010
MIA € ayxe onTUMicTUYHUMU. OCKIJIbKM, ITiciasia-
BapiiiHuii criekTp GoHy 1986 poky, oKpiM pamioue3iio
BKJIIOYaB JiHil pyTeHio-106, uepio-144, Ta iHmKx
pamioHyKJIiIiB, y TOMY YMCJIi, IPUPOJIHOTO MOXOAXKEHHSI.
Oco0JMBO 1I€ CTOCYETHCS CUMHTMISLIMHMX paaio-
METpPiB, OCKiJIbKM BOHU MAalOTh iHTETpaIbHY PaXyHKOBY
XapakTepucTuky y aianmazoHi 30—3000 keB, okpim mpu-
naniB RTE Takum ymHom, peanbHi MJIA mpunaniB B
ymoBax 1986 poky, MOXyTh MaTH OiIbLII 3HAYEHHS, HixX
OTpUMaHi MpM HalIUX oliHKaxXx. OKpiM TOro, y Hallux
JTOCITI;KEHHSIX BpaxoBaHO e(eKT eKpaHyBaHHS (OHY

by G. Kaidanovsky and Ye. Dolgirev (St.-
Peterburg) the MDA values for an adult with the
same measurement time if identified by the SRP-
68-01 device are 6.9 kBq per human body for the 10
mR - hour' background and 9.8 kBq per human
body for the 20 mR - hour! background [14].

CONCLUSIONS

Measurement procedure of radioactive cesium by
means of gamma-radiometers and one-channel
spectrometers was restored using the SRP-68-01
gamma-radiometer and NC-482-BM one-chan-
nel spectrometer with Nal(Tl) & 52 x 52 mm?
detector as the examples.

Functions of calibration factors depending on
the age group were identified for the tested devices.
Values of MDA of measurements were estimated.
The received calibration characteristics do way to
make some conclusions about the devices used in
historical measurements in 1986. Comparing the
calibration factors received subsequent to the
review results of WBC-measurements DB and our
own conducted experiments one can conclude
that there could be both single-channel spectrom-
eters with 0.033—0.062 kBq - sec - kg calibration
factor and most probably the radiometers or sin-
gle-channel spectrometers with small-volume (20
x 20 mm?) detectors and 0.003—0.012 kBq - sec -
kg™ calibration factor.

According to estimations the MDA of the meas-
urements is within a range of 1.3 kBq per human
body if the NC-482-BM single-channel spectrom-
eter with Nal(Tl) & 52 x 52 mm? detector was
applied, up to 7.4 kBq per human body if the SRP-
68-01 gamma-spectrometer was applied in an
adult under the 60 seconds of measurement time.
Respective values for adolescents and children var-
ied from 0.8 to 5.6 kBq and from 0.5 to 3.8 kBq per
human body.

It should be emphasized however that our calcula-
tions of MDA values are enough optimistic. As the
background spectrum in 1986 upon the accident
included besides radioactive cesium the lines of Ru-
106, Ce-144 and other radionuclides with ones of
natural origin among them. It is especially relevant
to the scintillation radiometers as their integral
counting characteristic is within 30—3000 keV range
except the RTF devices. Consequently the real
MDA value of devices in conditions of 1986 could be
higher than in our estimations. For another thing the
effects of background shielding by human body was

129 ‘&



ENIAEMIONIOrNIA

TA AOSUMETPIA

ISSN 2304-8336. pobnemu pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2016. Bun. 21.

TiJIOM JIIOAWHU, SIKMiA CTaHOBUTL 10 40 % 111 HOpOCINX
NPy BUMIpPIOBAaHHSIX OXHOKAHAIBHUM CIIEKTPOMETPOM
NC-482-BM i3 gerektopom & 52 x 52 mm? 1a 1o 15 %
JUISI TOPOCIUX MPY BUMipIOBaHHSIX FaMMa-pagioMeTpoM
CPII-68-01, 1o Bpsim yu OyJ0 BpaxoBaHO IPU po3pa-
xyHKax 1986 poky.
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accounted in out study being up to 40 % in adults if
measurements were taken at the NC-482-BM spec-
trometer with & 52 x 52 mm? detector and up to 15 %
in adults if the SRP-68-01 gamma-radiometer was
applied in taken measurements. These data hardly
were considered in calculations in 1986.
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