ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

YK 613.648:616.441

I. A. JlixTrapsos, JI. M. Kosran, M. 1. Yenypnuii, C. B. Maciok«

Iepucasna ycmanosa “Hauyionanvuuil Haykoeuil yenmp padiayiiinoi meouyunu” Hayionanvnoi akademii
MeouuHux Hayk Yipainu, éya. Meavnuxosa, 53, m. Kuis, 04050, Ykpaina

IHTEPIIPETAIIISI PE3YJIGTATIB BUMIPIOBAHDB BMICTY
PAJIIOVIONY V IIIUTOIIOAIBHIN 3AJI031 MEIIIKAHIIIB
YKPATHU (1986 PIK)

Merta. AHanis, peBi3is, oliHKa HAMiNHOCTI i TOYHOCTI pe3ynbTaTiB ycix BUMiptoBaHb paioiiofy y WUTonofdioHii 3ano3i
MelKaHLiB YkpaiHu, wo 6ynu 3aiicHeHi y 1986 poui, Ta 06rpyHTYBaHHA KoedilieHTiB KanibpyBaHHS, AKi MalOTb ByTH
3aCTOCOBAHi Npu iHTepnpeTayii BUMipioBaHb, BUKOHAHWUX HEKANibpOBaHUMK NpUNafaMu.
Marepianu Ta metoau. Ha ocHoBi gaHux 150 TUC. NpsMUX BUMiptoBaHb BMicTy I y wutonoai6Hin 3an03i, oTpuma-
HUX B PaMKax TMPeoL03MMETPUYHOIO MOHITOPUHTY 1986 pOKY, pO3paxoBaHO aKTUBHICTb pafioiiofy y WMTONOAIOHIN
3a/103i MelWKaHuiB HabinblWw 3abpyaHeHMx perioHiB YkpaiHu. Po3pobieHo MeToauKy po3paxyHKy noxuOOK BUMipio-
BaHb Ta BU3HAYEHO iX TOYHICTb Y NPUNYLEHHI, WO WiNbHICTb PO3N0AiNy NOXMOOK OCHOBHUX NapaMeTpiB BUMiplOBaH-
HA 6NM3bKa A0 rayciBCcbKoi. 3a pe3ynbraTaMu NabopaTopHUX BUMipOBaHb BUM3HAYEHO KanibpyBanbHi koedilieHTH
iHTerpanbHux pagiometpis CPM-68-01 — npunagis, Wo HanyacTille BUKOPUCTOBYBANNUCH NPU NPOBELEHHT TMPEO03M-
METPUYHOTO MOHITOPUHTY.
Pe3ynbratu. Po3nogin ouiHoK BMicTy pagioitofy B WUTONOAiI6HIN 321031 € 6IN3bKUM O NOTHOPMANbHOTO 3 CEpefHiM
reoMeTpuyHuUM — 4,8 KbK Ta reOMETPUYHNUM CTAHAAPTHUM BigxuneHHam — 3,8. binbwictb uux ouiHok (90 %) nexuts B
iHTepBani 0,58-47 Kbk, a OCHOBHMWI1 MacuB 3HaYeHb ix BiGHOCHUX NoxnboK (90 %) 3HaxoauTbCs y Mexax 0,1-0,6.
TaKuUM YMHOM, OfiePXKaHO MOAENb CNOCTEPEXKEHHS PaAiOaKTUBHOCTI WMTONOAIOHOT 321031 3 KNACUYHOIO AAUTUBHO MO-
Xu6Kolo.
KniouoBi cnoBa: YopHobunbcbka Katactpoda, WwutonofibHa 3an03a, pagioakTMBHe ONPOMiHEHHS, TMPEOJ03UMETPUY-
HUWI MOHITOPUHT, KanibpyBanbHUit KoedilieHT, NOXMOKM BUMiptOBaHHS.
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Interpretation of results of radioiodine measurements in thyroid for residents
of Ukraine (1986)

Objective. The purpose of this research is to make analysis, revision and estimation both reliability and accuracy of
all measurements of radioiodine in the thyroid for residents of Ukraine, which were performed in 1986, and to jus-
tify the calibration factors to be applied for interpretation of measurements performed by non-calibrated devices.
Materials and methods. The radioiodine activity in the thyroid for residents of the most contaminated oblasts of
Ukraine has been calculated on the base of 150 thousands direct measurements of the content of **'I in thyroid
obtained in the frames of the thyroid monitoring in 1986. A method for the calculation of measurement errors has
been developed and the accuracy of the errors has been determined assuming that the density of errors' distribu-
tion for main parameters of the measurements is close to Gaussian. Using the results of laboratory measurements,
the calibration factors have been determined for integrated radiometers SRP-68-01 — devices which were often used
to perform the thyroid dosimetric monitoring.

Results. The distribution of estimates on the content of radioiodine in thyroid is close to the lognormal one with
geometric mean being equal to 4.8 kBq and geometric standard deviation being equal to 3.8. Most of these esti-
mates (90 %) are in the range of 0.58-47 kBg, and the main set of their relative errors (90 %) are between 0.1 and
0.6. Thus, the model of thyroid activity observation with classical additive error has been obtained.

Key words: Chornobyl disaster, thyroid, radioactive irradiation, thyroid dosimetric monitoring, calibration factor,

errors of a measurement.
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BCTVYII

OcobmmBicTio YopHOOMIBECHKOI aBapii cTajao Te, IO T
BIUIMB PalioOMOAHOl aTaKyd MOTPaNMJIO MPAaKTUYHO BCE
HaceJIeHHs YKpaiHW, 30Kpema IiTW Ta MiJTiTKU, OIMpo-
MiHeHHS muTononioHoi 3amo3u (I13) akux € HaoiIbIIT
HebOe3neyHUM. Tpebda TakKoX MiIKPECIWTH, 110 caMe
panioiHAyKOBaHi paky IIUTOIOAIOHOI 321031 HA ChOTOJI-
Hi € TOJJOBHUM CTaTUCTUYHO ITOCTOBIPHUM BigmalleHUM
e(eKTOM, SIKMI CIOCTepira€TbCcsi B MOCTYOPHOOMIb-
cbkuii nepioa. LiikoM 3po3ymifio, 110 IJisi KOPEKTHOTO
pU3MK-aHai3y BKpali BaXJIMBO 3HATH HE JIMILIEe JO30BY
OLIIHKY OTTIPOMiHEHHS IIIMTOIOAIOHOI 3a]103H, ajie il ToU-
HICTbh TaKOl OIIIHKM, SIKa XapaKTEePU3YEThCS afUTUBHOIO
a00 MYJIBTUILIIKATUBHOK OXUOKOIO.

ITpotsroM micaT40pHOOMIBCHKUX POKIB Y BiIlIiTi JO3M-
MeTpii Ta pamialiiiHoi ririeHu [HCTUTYTY pamialiiftHOl Tiri-
eHu Ta emigemiosiorii HHIIPM nHakonuyeHa iHgopMaliist
OO0 PE3yJbTaTiB OMM3bKo 150 THCSY MPSIMUX BUMIpIO-
BaHb BMicTy pamioriony B I113, BuKoHaHMX y TpaBHi-4epBHi
1986 poky [1—3], Bkimtoyarouu npuoanu3Ho 112 Thcsy BUMi-
pIOBaHb Y AiTeil Ta mimIiTKiB. 3a OCTaHHi 25 pOKiB HAKOIK-
YeHUI BeJIMYEe3HUM NOCBil BUKOPUCTAHHS LIMX JAHUX JIJIsI
OLIIHKM SIK iHAUBIAyaJIbHUX I030BMX HaBaHTaXKeHb Ha 11 -
TOIOAIOHY 3a7103Y, TaK i A03 [JIs1 Pi3HUX CTATEBO-BiKOBUX
rpyn HaceJleHHs (Tak 3BaHUX iHAMBiyali30BaHUX A03), 1110
TMOCTpaXkIajio BHACTiMOK YopHOOMILCHKOI aBapii [4—7].

INTRODUCTION

A peculiarity of the Chornobyl accident was that
the radioiodine attack affected to almost the entire
population of Ukraine, in particular, to children
and teenagers for whom the exposure of the thy-
roid is the most dangerous. It should be also
emphasize that the radiation-induced thyroid can-
cer is currently the main remote statistically signif-
icant effect observed in the Post Chornobyl period.
It is clear that for correct risk analysis one has to
know not only the estimate of the thyroid dose, but
also to know the accuracy of this estimation,
which is characterized by additive or multiplicative
error.

During the post Chornobyl years, the Department
of Dosimetry and Radiation Hygiene at the Institute
of Radiation Hygiene and Epidemiology of
NRCRM accumulated the results of ~150,000 direct
measurements of radioiodine content in thyroid
made in May and June 1986 [1—3], including rough-
ly 112,000 measurements in children and teenagers.
For the past 25 years a vast experience in the use of
these data to estimate both individual thyroid doses
and doses for different sex-age population groups
(so-called individualized doses) affected by the
Chornobyl accident has been accumulated [4—7].
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V nepiii poku micis aBapii OLiHKM J030BOr0 HaBaHTa-
KeHHs Ha I3 O0yau HeoOXiaHi A1 NpUAHSTTS pillieHb
11040 MOoAoJaHHS HacliakiB YopHOOMIBCHKOI KaTacT-
podu, i ToMy I iX po3paxyHKy OyJau BUKOPUCTaHi 10-
3UMETPUYHI MOJesi, 110 Maju 3a3Jalieriib KoHcepBa-
TUBHUM xapakTtep [2].

B cepenuni 90-X pokiB cTasio 3p03yMiJio, 110 Ha pamio-
aKTUBHO 3a0pyIHEHUX TEPUTOPISIX YKpaiHU 3aXBOPIOBa-
HicTh Ha pak I3 cyrreBo 3pocia [§—10]. Tomy BUHUK-
Jla moTpeba y ImpoBeAeHHI paaioenigeMiooriyHuX Ja0-
CJIiIXKEHb HAa BKa3aHUX TEPUTOPISIX, 4 3HAYUTh — Y MaK-
CUMaJIbHO TOYHMUX, HE KOHCEPBAaTUBHUX OILliHKax 103
ornpoMiHeHHs II13. Taki po6oTH cTapTyBaJIv 3 MTOYATKOM
BUKOHAHHSI YKpPaiHChKO-aMEPUKAHCHKOTO eIMigeMio-
norignoro 1poekTy (YAEIT) 3 BUB4eHHS paKiB Ta iHIINX
3axBopioBanb 1113 micag aBapii Ha HAEC [5—7, 10]. Tak
3a yac BUKoHaHHs YAEII 6ysio po3po6jeHO HOBi METO-
1 OLiHKU 103 onpoMiHeHHs 1113 Ta ix moxuboK i moka-
3aHO, IO JIO30Bi ITOXMOKM BIUIMBAIOTh Ha CIHiBBIZHO-
meHHs go3a-edexr [7, 11—15].

AHaJi3 pe3yabpTaTiB OlliHKU 103 onpoMiHeHHs I3 3a
JTaHUMU OpsSIMUX BUMiptoBaHb B pamKax YAEII [7] Busi-
BUB psi IpO0IeM, IJIs BUPIIIEHHS SIKUX cTaja OUYeBUI -
HOI0 HEOOXiAHICTh AETaNLHOIO Teperiasmy Ta peBisii
yciX eTariB peKOHCTpPYKIii mo3. Lle, B mepiy uyepry,
CTOCYETHCSI OAHI€T 3 LEHTPAJIbHUX 3a1a4 — iHTeprpe-
Tauii pes3yJibTaTiB IHCTPYMEHTAJbHUX BUMIipHOBaHb
BMICTY panioiiomy, 30Kpema Mepexony Bil iHIMKallii
npuiafiB 10 aKTUBHOCTI pagioriony y I3 uyepes
KaniopyBanibHUN KoediuieHT. CknamHicTh wLi€l 3agaui
3yMOBJIEHA TUM, 110 B YMOBax aBapiiiHOI cuTyalii Ma-
COBi BUMIipIOBaHHS MPOBOAUIINCS BEJIMKOIO KilbKiCTIO
NpuiaaiB (3HauHa YacTWHA SKMX CTaHOBMJA COOOIO
reoJioriudi iHTerpanbHi pagiomerpu CPII-68-01)
pi3HUMM JO3UMETPUYHUMU OpuragamMu Ha TEepPUTOpil
JIeKinbKox obnacrteii. Llei ¢akT cTaB mMpUYMHOIO TOTO,
110 JOCUTh 3HAYHMI BiACOTOK BiTOMOCTEN, SIKi MiCTH-
I pe3yJbTaT BUMIipIOBaHb, HE CYIPOBOIXYBaBCS
iHopMalli€elo om0 KaliOpyBaHHS MpUIAdiB, a eKc-
MepTHi 3Ha4YeHHs1 KoedilieHTiB kanmiopyBaHHsa (KK)
Oy Majio OOTPYHTOBAHUMMU.

META JOCIIJIZKEHHA

Meta paHOi pobOTM — JaeTaJbHUI aHami3, peBisis,
OIliHKa HaTilHOCTI i TOYHOCTI pe3yabTaTiB YCix
BUMipIOBaHb pagioiony y IIMTOMOAIOHIM 3271031 MellI-
KaHLiB YKpainu, 1o O0yau 3aiiicHeHi y 1986 poui, ta
OOrpyHTYBaHHS KoedillieHTiB KaliOpyBaHHS, SIKi Ma-
I0Th OYTH 3aCTOCOBaHi MpU iHTepIripeTalii BUMipIO-
BaHb, BUKOHAHUX HEKalliOpOBaHMMU TNpUJIaJaMU.
[ns psny BUMiplOBaHb YAOCKOHaJIE€HHSI METOH0JIOri1

In the first years after the accident, the estima-
tions of thyroid doses were necessary to make deci-
sions on overcoming consequences of the
Chornobyl disaster, and therefore for their calcula-
tions there were used dosimetric models being
conservative in their nature [2].

The significantly increased thyroid cancer morbi-
dity over the contaminated territories of Ukraine has
become evident in the mid 90™ [8—10]. Therefore a
need for radio epidemiologic studies on these areas
emerged meaning the necessity to perform the most
accurate, non-conservative, estimates of the thyroid
doses. These works began with the start of implemen-
tation of the Ukrainian-American epidemiological
project (UAEP) to study cancer and other thyroid
diseases after the Chornobyl accident [5—7, 10].
Thus, for the time of UAEP project, the new meth-
ods were developed for estimation of thyroid doses
and their error and shown that the dose errors affect
the dose-effect relationship [7, 11—15].

Analysis of the results of the estimation of thyroid
doses according to the direct measurements within
UAEP [7] found a number of problems for which
became apparent the need for a detailed review and
revision all stages of reconstruction of the doses. This
primarily refers to one of the central problems,
namely, the interpretation of the results of instru-
mental measurements of radioiodine content,
including the transition from indication of the
devices to activity of radioiodine in the thyroid
through a calibration factor. The complexity of this
problem is due to the fact that mass measurements
under emergency situation were performed by plenty
of devices (much of which were geological integrated
radiometers SRP-68-01) and by different dosimetric
teams on the territory of several oblasts. This circum-
stance led to the fact that a fairly large percentage of
the information upon the measurement results was
not accompanied with information about calibration
of the devices and the expert values of the calibration
factors (CF) were poorly substantiated.

OBJECTIVE

The purpose of this work is to provide a detailed
analysis, revision, estimation of reliability and accu-
racy of all measurements of radioiodine in the thy-
roid, which were made in 1986, as well as justifica-
tion of numerical values of the CF to be applied in
the interpretation of the measurements performed
by non-calibrated devices. For some measurements,
the improvement of methodology on reconstruction
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pekoHcTpyKLii KK 3yMOBIIIOE CyTTEBY 3MiHY OLIIHOK
BMicTy pamioakTuBHocTi 'l y 113 i BigmoBigHO, 103
onpoMiHenHs I3, mo po3paxoBYIOTbCI 3a IIUMHU
OLlIHKaMHU.

MATEPIAJIN TA METO/IN

ABapig Ha YopHoOunbceKiit AEC 3ymMoBuMIIa BUKU]I B
HaBKOJIMIITHE cepenoBuile 60an3bko 2 Ebk pamioiiomy
[16]. MacoBuii MOHITOPUHT 3a0pyIHEHHS HaBKOJIMIII-
HBOTO CEpelOBMILA i ONMPOMiHEHHSI MEIIKAHILiB MpHu-
JIErJIUX A0 Micus aBapii TepuTopiid 0yj10 opraHi3oBaHO
y HaA3BUYAHO CTUCIi TEepMiHM, IO Y CBOIO 4YEpry
3YMOBUJIO 30UIbIIIEHHS (MOPIBHSHO 3 JIJAOOPAaTOPHUMM
JOCHIIKEeHHSIMM) TTOXUOOK pPE3yJbTaTiB BUMipIOBaHb
BHACJIiIOK 3aJly4eHHs MepcoHajly 0e3 J0CBiay poOoTu
B Tayy3i J0o3MMeTpii, BUKOPUCTAHHS Heclelliaai3oBa-
HUX TIpWIaAiB Pi3HUX TUIMIB Ta CIIPOIIEHUX METOIMK
BUMipIOBaHb.

MacoBe BUMipOBaHHSI BMICTy i30TOMIB panioiiogy B
IIUTOMOAIOHIN 3al03i (maji TUPeom03UMETPUYHOIr0
MOHITOPMHTY) y TpaBHi-uepBHi 1986 poky Oyio op-
raHi3oBaHO i MPOBEIEHO CMeLiaJbHO MiATOTOBJICHUMU
OpuragamMy JO3UMETPUCTIB ITiJ 3arajJibHUM KepiBHUILIT-
BoM MiHictepcTtBa oxopoHu 3mopos’s (MO3) YPCP.
KoHcynpraTuBHY 10IIOMOTY 1M HajJaBaja rpyra gaxiBiliB
3 HaykoBo-A0CHiAHOrO iHCTUTYTY Tiri€EHU MOPCHKOTO
tpanciopty MO3 CPCP (HJI I'MT), mo po3pobuna
3arajibHy METOAMKY MPOBEAEeHHSI BUMipIOBaHb. 3TiJHO 3
pPO3pO0JIEHOI METOANKOIO, BUMIPIOBAaHHSI TTPOBOAUIN-
¢Sl B 10Ope BEHTUJIbOBAHUX MPUMIlLIEHHSIX i3 ILIOTOAUH-
HHUM BOJIOTUM NIPpMOMpPAHHSIM. 3 METOK 3HUKCHHS
panianiifHoro (oHY JETeKTOpU MpUIamiB Oyau 3axu-
IIEHI CBUHUEBUMM KoJiMaTopamMu. s MOJbOBUX
paniometpiB CPIT 68-01, ¢abpuuHa KOMILIEKTallis
SIKMX He Tiepeadavalia HassBHOCTI KoJliMaTopa, BUKOPUC-
TOBYBaJIMCh CAMOPOOHi KOJiMaTOpH, 3p00JeHi 3 Miapyu-
Hux Mmatepiani. I1ig yac mpoBeaeHHS BUMipIOBaHb Jie-
TEKTOp MNpWIany IiIHOCHBCS OO IIMi BHUMipIOBaHOTIO,
nonepeaHbo IMPOTEePTOl 3MOUYEHUM Yy CIMPTI BaTHUM
TaMITOHOM, ITiCJII YOro OJHOPa30BUI BiMIiK KiJIbKOCTI
iMITyJIbCiB 200 iX iIHTEHCUBHOCTI 3aHOCUBCS Y BiTOMiCTb.
[MoroguHu abo 1oaHS BUMipoBaBcsd (OH B L Xe
TOYIIi IPOCTOPY, BEIMIMHA SIKOTO TaKOX 3aHOCHUJIACS Y
BimoMmicTh. TakoxX 3 MeTOIO KaJaiOpyBaHHS MpUIaLy 1I0-
ToAWHU abo0 IIOMHS POOUBCH BiJTIK iMITYJBCIB Bif
TUISIIIKU-(aHToMa (LUWJAIHAPUYHA TUISIIeYka 00’eMOM
10 M1, 1110 MiCTHJIA ETAJIOHHUIA po3unH i3oTomy '),

PesynbraTt BUMipioBaHb, BAKOHAHi B OAHOMY i TOMY K
HaceneHomy nyHKTi (HIT), B onuH i TO# >Xe neHb, OMHUM
i TUM K€ TIpUJIaJIOM i OJIHI€IO0 i Ti€l0 3K OpUTragol0, 3aHO-
CUJIUCS B TaK 3BaHY BUMipIOBaJIbHY BiIOMiCTb. TuIrioBa

(1) 188

of'the CF leads to significant changes in estimates on
content of radioactivity of '*'I in the thyroid and cor-
respondingly to the thyroid doses which are calcu-
lated in accordance with this estimation.

MATERIALS AND METHODS

The accident at the Chornobyl nuclear power
plant led to the release into the environment about
2 EBq of radioiodine [16]. Mass monitoring of the
pollution of surrounding environment and the
irradiation of residents living nearby the accident
area was organized in a very short time, which in
turn resulted in an increase (in comparison with
laboratory researches) of errors in measurement
results due to the involvement of personnel with-
out experience in dosimetry using non-specialized
devices of various types and simplified methods of
the measurements.

Mass scale measurements of radioiodine content in
the thyroid (the thyroid dosimetric monitoring) in
May-June 1986 were organized and conducted by
specially trained teams of dosimetrists under the
supervision of the Ministry of Health Protection
(MHP) of Ukrainian SSR (UkrSSR). An advisory
assistance to them was provided by a team of special-
ists from the Research Institute of Hygiene of Ma-
ritime Transport at the Ministry of Health Protection
of the USSR (RIHMT) having developed a general
method of the measurements. In accordance with
the developed method, the measurements were made
in well ventilated rooms with hourly wet cleaning.
For the purpose of reducing background of radiation,
the detectors of devices were protected with lead col-
limators. For field radiometers SRP 68-01 with fac-
tory kitting without collimator, the homemade colli-
mators were used made of scrap materials. During
the measurement the detector device was being
brought to the neck of a person measured, before
having cleaned with a cotton wool wet in alcohol,
then single counting the number of pulses or their
intensity was written down in list. Every hour or every
day the background in the same point of space was
measured and its value was written down to the list.
Also, in order make a calibration, the count of pulses
coming from a bottle phantom (cylindrical bottle of
10 ml containing a reference solution of isotope "*'I)
was being fulfilled either hourly or daily.

The results of measurements performed in the
same settlement in the same day and by the same
device and by the same team were recorded in so-
called measuring list. A typical list contained the
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BigoMicTb MicTuia pe3yasraty 100—200 iHauBigyalbHUX
BUMipIOBaHb, XO4Ya B OKpPEMHX BMMAIKaxX KiJlbKiCTb
BUMIipIOBaHb, BUKOHAHUX OPUrago0 NPOTITOM JHS, CSI-
raja Tucgdi. BinnmoBiZHO 40 BCTaHOBJIEHUX BUMOIL, 10
BUMIipPIOBAJIBHOI BiIOMOCTi ITOBUHHI OyJIM TaKOX 3aHO-
CUTHCS: TIepcoHabHi AaHi cyd’ekra (IT1b, pata a6o xo-
ya 0 pik HaApOIKEeHHS ), JaHi 00 JO3MMETPUIHOI Opr-
raad, TUII BUMIipIOBaJbHOrO TIpUJIany, pe3yJbTaTh
KaJliopyBaHHSI JaHOro mnpujiany (KamriOopyBaabHUIA KO-
edillieHT), BeIMYMHA padialiiiHOro (ooHy B IpUMillleH-
Hi. Ha Xxanb, He BcCi nepeJsiiueHi BUlLe JaHi Oyau BHECEHi
1o BimomocTeil. Jlesiki 3 HUX TOBEJIOCsl BiIHOBJIIOBATU Y
MPOILIEC AEKIIBKOX IIUKJIiB 00POOKM TaHUX.

3a yac NpoBeIeHHSI MOHITOPUHIY OYyJ10 3pO0JEHO
6mm3pko 150 Tmcsay BuUMipoBaHb. TpeTrHa 3 HMX Oyna
BUKOHaHA OJHOKaHAJbHUMU CIIEKTPOMETPaMU B €HEp-
TEeTUMYHOMY BiKHi BUIIPOMiHIOBaHHSI pamioiiony, IO
3HAYHO 3MEHIUWJIO BIUIMB padioakKTMBHOro (hoHy Ha
KiHLeBUII pe3yabTaT, pellTa — iHTerpajJbHUMU pa-
npiomerpamu (Tabn. 1). Huni, micns neskKux yTOYHEHb,
0a3za maHWX MPSIMUX BUMipIOBaHb BMICTy pajioioay B
1113 Bxiouae B cebe 6;113bKO 146 THCsY 3amuciB. B oc-
HOBHOMY 1I€ >KUTeJi TPbOX MiBHIYHMX, HAMOLIbII MOCT-
paxganux obyacteit Ykpainu (ta6u. 2). Ilpu mpomy
MemkaHli YepHiriBcbkoi Ta 2KUTOMMPCHKOI objacTeit
BUMIpPIOBAJINCh B OCHOBHOMY 3a MiCILIeM ITPOXWBaHHS,
TOi SIK 3HaYHa KiJIbKiCTh MelIKaHLiB KuiBCcbKO1 001aCTi
€BaKyIOBaJIMCh B iHII perioHn YKpaiHu 1lie 10 MoYaTKy
BUMIpIOBaHb, IO 3MYCUJIO OXOIMUTU THUPEOTO3UMET-
PUYHUM MOHITOPUHIOM MaiiKe MOJOBUHY TEPUTOPIi
VYkpainm (Ta6m. 3).

Ta6nuusa 1

results of 100—200 individual measurements, al-
though in some cases the number of measurements
performed by the team during the day could be about
thousand. In conformity with the established requi-
rements to the measurement data there were also to
be recorded: the personal data of person (name, date
or even year of birth), information on dosimetric
team, on type of measuring device, the results of the
device’s calibration (calibration factor) and the value
of radiation background in the room. Unfortunately,
usually not all the data mentioned above were written
down in the lists. Some of them had to be recovered
during several cycles of the data processing.

During the monitoring there were made about
150000 measurements. One third of the measure-
ments were performed with one-channel spectrome-
ters within the energy window of radioiodine irradia-
tion, which significantly reduced the impact of radio-
active background on the final result and the rest ones
were done with integrated radiometers (Table 1). At
the moment, after refinement of the data, the database
of direct measurements of radioiodine content in the
thyroid includes about 146 thousand records. Typi-
cally, these are residents of the three northern most
suffered oblasts of Ukraine (Table 2). At this takes
place, the residents of Chernihiv and Zhytomyr oblasts
were measured mainly at place of their residence,
while a significant number of residents of Kyiv oblast
were evacuated to other oblasts of Ukraine before the
measurements to begin. This fact led to covering by the
monitoring almost a half of Ukraine (Table 3).

0co6nuBOCTi TMPEOAO3UMETPUYHOrO MOHITOPUHTY 1986 poKy: TUNM Ta MoAaeni BMKOPUCTAHMX NpUNagis,

KinbKicTb BUMiplOBaHb, TPUBANICTb MOHITOPUHIY
Table 1

The peculiarities of the thyroid dosimetric monitoring in 1986: types and models of the devices used, the

number of measurements, the duration of the monitoring

KinbkicTb % Bip, BCiX TpuBanictb NnpoBeAeHHS
Tun npunapy Monens BUMIipIOBaHb BUMIipIOBaHb BuMmipioBaHb B 1986 p.
- Number Percentage of all Duration of
Type of devices Model of measurements measurements  measurements in 1986
OpHokaHanbHi Ta GaratokaHabHi HK-150, HK-350 / NC-150, NC-350 19321 13.2 14.05-11.06
CNEKTPOMETPU [TPM-01y, / GTRM-01ts 17834 12.2 17.05-30.06
One-channel and multichannel YP /UR 9745 6.7 17.05-6.06
spectrometers [LCY-68 / DSU-68 4452 3.0 25.05-31.05
[NCY-2 / DSU-2 1345 0.9 18.05-29.05
[1PJT/ PRL 7 <01 8.05-12.05
[HTerpanbHi pagiomeTpu CPI168-01 / SRP 68-01 93717 64.0 30.04-25.06
Integrated radiometers [n-56 / DP-5B 5 <0.1 8.05-19.05
Bci Tnu npunagie / all devices 146426 100 30.04-30.06

189 ‘&



ENIAEMIONIOrNIA

TA n03 M M ETPI ﬂ ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.
Ta6auusa 2
KinbKkicte BumiptoBaHb BmicTy pagionogy B L3, BuKoHaHux y 1986 poui, 3anexHo Bif paloHy NpoXuBaHHA
NoCTpaXKpanux
Table 2

The number of measurements of the radioiodine content in the thyroid, made in 1986, depending on the
oblast of residence of the suffered persons

MicuenepeOyBaHHs cy0’ekTa KinbkicTb BUMiploBaHb BMiCTy pagioiiogy B L3

B fieHb aBapii, 06nacTb BCbOro BUMiIpIOBaHb B T.4. % HecneKTpOMEeTPU4YHUX BUMIPIOBAHb

Oblast of subjects’ location Number of thyroid measurements

at the time of the accident total number of measurements percent of measurements performed
by non-spectrometric devices

Kuiscbka / Kyiv 37504 67.3

M. Kuig / Kyiv city 4923 57.2

YepHiriecbka / Chernihiv 48105 34.8

Xutomupceka / Zhytomyr 53009 90.3

BiHHuubka / Vinnytsya 1989 78.7

JlbBiBCbKa / Lviv 475 0.4

IHwi obnacri / other oblasts 421 47.7

Ta6nuusa 3

Po3nopin cy6’ekriB, AKi mewkanu nig yac aBapii y KuiBcbkin, ¥utomupcbkin Ta YepHiriscbKin obnacrax,
obnactamm YKpaiHu, B AKMX NPOBOAMIUCA BUMipIOBaHHA BMicTy paaioioay B L3 y TpaBHi-uepBHi 1986 p.

Table 3
Distribution of the subjects who lived during the accident in Kyiv, Zhytomyr and Chernihiv oblasts, in oblasts of
Ukraine where the measurements on the content of radioiodine in the thyroid were done in May-June 1986

OGnactb nepeOyBaHHs Cy0’€eKTiB OGnacTb NnpoBefeHHs KinbkicTb BUMipIiOBaHb
nip, yac asapii BuMipioBaHb y 1986 p. BCbOro % HecneKTPOMETPUYHMX BUMIpPIOBaHb
Oblast of subjects’ location Oblasts of thyroid Number of measurements
at the time of the accident monitoring total number  percent of measurements performed
of measurements by non-spectrometric devices
Kuiscbka obnactb 1a M. KuiB Kwiiscbka Ta M. Kuig / Kyiv oblast with Kyiv city 7285 271.2
Kyiv oblast with Kyiv city Xutomupcska / Zhytomyr 474 85.7
Kpumcbka / Crimea 11941 54.5
Yepiriecbka / Chernihiv 337 40.1
[oHelbka / Donetsk 1036 100.0
3anopisbka / Zaporizzhya 40 100.0
Opecbka / Odesa 17822 911
Cymcbka / Sumy 85 100
JlbBiBCbKA / Lviv 3329 26.1
IHwWi o6nacri / other oblasts 78 92.3
Xutommpcbka 06acTb Xurommpceka / Zhytomyr 46842 89.8
Zhytomyr oblast KuiBcbka Ta M. Kvig / Kyiv with Kyiv city 23 435
Kpumcbka / Crimea 34 50.0
XmenbHuubka / Khmelnytskiy 3649 98.8
JlbBiBCbKA / Lviv 449 423
Onecbka / Odesa 141 51.8
PiBHeHcbka / Rivne 1645 100.0
IHwWi 0bnacri / other oblasts 226 96.9
YepHiriecbka 06n1acTb Yepiriecbka / Chernihiv 46292 32.6
Chernihiv oblast Onecbka / Odesa 110 3.6
Cymcbka / Sumy 1663 100.0
IHWwi obnacri / other oblasts 40 40.0
KaniopyBaHHg BMMipIoBaIbHUX NPHJIATIB Calibration of measuring devices

B saranmpHOMy BMIanKy oOIliHKa BMicTy pamioizoromiB  In general, the estimate of the content () of iodine
fony B I3 () 3a pesyabrarom mpsiMoro BumiptoBaHHs  radioisotopes in the thyroid being the result of a
BU3HAYAETHCS SIK: direct measurement is defined as:
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Q:Kb'G(]th_fsh'Ibg)’ (1)

ne K, — xoediienT kamiopysanasa (KK) BumiproBaib-
HOTO IIpWJIay Bill IIAIIKK-(paHTOMa, G — KOPUTYBaJb-
Ha nornipaBka 10 KK, sika BpaxoBye BiIMiHHICTb T€OMeT-
pii BUMip1oBaHb MixX peepeHTHUM JIXepeaoM (TSI~
KOI0-(DaHTOMOM) i Cy0’€KTOM BUMIpIOBaHb, I, Iy —
IHIMKaLisg npuwiaay' BiamoBigHo npu BuMipioBaHHi 1113
Ta MPU BUMipIOBaHHI raMMa-(MoHy, f; — KOeMIlliEHT eK-
paHyBaHHSI TaMMa-(OHY TiJIOM cy0’€KTa, 1110 CTAHOBUTb
co0010 (PYHKIIiI0, 3aJIEXKHY Bil aHTPOIIOMETPUYHUX TIa-
paMeTpiB CyO’€KTiB Ta CIEKTPaJIbHUX XapaKTePUCTUK
¢ony. 3rigHo 3 JTiTepaTypHUMU JAHUMMU, fn 3HAXOAUTHCS
B Mexax 0.9—1[17, 18].

KK BM3Ha4a€eThCS MUIIXOM BUMIipIOBAHHST peepeHT-
HOTO Kepeja BUIIPOMIHIOBAHHSI 3 Hamepe] BiZoMOIO
pagioakTuBHicTIO (). OcKinbKM NpH KaniOpysaHHi G=1
(3riIHO 3 BU3HAYEHHSIM KOPUTYBAJIbHOI MOMPABKM), IJIsI
IUISIIIKOBOTO haHToMYy fn=1, Tomi 3 (1) MaeMo:

K, = 7
to0T0 KK 4ncenbHO AOpiBHIOE PagdioaKTUBHOCTI, sIKa

BiAIOBiIa€ OAUMHULII iIHAMKALIII IIPUIaay i € BEeIMYUHOIO,
00€pHEHOIO 10 YYTJIMBOCTI MpUJIamdy.

YyTnuBicTh NpUiaay B 3aralbHOMY BUIIAIKy MOXKE 3Mi-
HIOBaTUCh 3 YaCOM 3 0araTboX MPUYWH (HANPUKIIAM, BHA-
CJIiIOK TeMIIepaTypHOI 3aJIEXKHOCTI ITapaMeTpiB MPUJIag0Bo1
eJIeKTpoHiKM). Tomy 1151 MiHiMi3allil TOXMOOK pe3yJIbTaTiB
BUMIpIOBaHb 0aXkaHO MPOBOAUTH KaliOpyBaHHS MPUIaliB
Oe3nocepeHbO Nepe MPOBEASHHSIM BUMIPIOBAHHSI CY0 €K-
TiB. Lle, y cBOlO uepry mnependayae HasIBHICTb Yy JTO3UMMET-
PUYHOI Tpynu pehepeHTHOTO JKepesia BUTIPOMiHIOBAHHSI.

IIIupoxka reorpadist mpoBeACHHS BUMipIOBaHb (BOHU OY-
JIM MPOBEJEHI OMHOYacHO y 14 obnactax YKpaiHu) mpak-
TUYHO YHEMOXJIMBMWIA 3a0€3MeUYeHHsT BCiX HO3UMETpUY-
HUX Opuraja peepeHTHUMU JKepeaaMu BUIIPOMiHIOBAH-
HSI 17151 KaTliOpyBaHHs puianiB. ToMy B IepIiy yepry Taki
JDKepesia HagaBaJIuCh OpUragaM, 10 MPaIoBaIA 3i CIIEKT-
poMetrpamu (Tabi. 4). 3 TabauIi BUAHO, IO OiNTBIIICTH
BUMIipIOBaHb, BAKOHAHUX CIIEKTPOMETPUYHUMMU TIpUJIaia-
MM, CYNPOBOIIKYBaJIACh 1X KaJiOpyBaHHSAM y IEHb ITPOBE-
JICHHSI BUMIipIOBaHb.

PazoM 3 TMM 11 3HaYHOI YacTHM pagioMmeTpiB CPIT-
68-01 KK HeBigomuii i moTpedye BimHOBIEeHHS (Tab1. 5).
Ha Tepuropii 6 obacteit pagioMeTpy He KaliOpyBaJCh
KomHoro pasy. Ille nis nBox obaacrteit (ZKuromupcbka
ta Opmechka) € 3BMYAMHOIO CHUTYyaIlisI, KOJM KalliOpy-
BaJIbHi KoeillieHTH BKa3aHi JuIle y JeIKHUX BiTOMOCTSIX
3 pe3yJbTaTaMy BUMipIOBaHb.

Qref '

ref ]b

where K} is a calibration factor (CF) of measuring
device from the bottle phantom; G is correcting coef-
ficient to the CF relying on difference of the measure-
ments geometry between reference source (the bottle
phantom) and a subject of the measurements; 7 and
I, show the device indication' during the thyroid
gland measuring and gamma background respective-
ly; fon is the coefficient of gamma background screen-
ing by body of the subject and is a function dependent
on both subjects’ anthropometric parameters and
spectral characteristics of the background. According
to the literature, f; is in the range 0.9—1 [17, 18].
The CF is determined by measurement of the
reference radiation source with its activity O being
known in advance. Since when calibrating G=1
(due to definition of correction coefficient), for
the bottle phantom f;,=1, then from (1) we have:

; ()

i.e.gthe CF is numerically equal to radioactivity, which
corresponds to the device’s indication unit and is the
value reversed to the sensitivity of the device.

In general, the device sensitivity can be varied by
time for many reasons (for example, because of the
temperature dependence of the parameters of
electronics). Therefore, to minimize errors in the
measurement results it is advisable to calibrate the
device immediately prior to the measurements of
the subjects. This in turn implies that the dosimet-
ric team should have a reference radiation source.

Wide geography of the measurements (they were
held simultaneously in 14 oblasts of Ukraine) almost
made it impossible to supply all dosimetric teams
with the reference radiation sources for calibration
of the instruments. Thus, first of all such sources
were delivered to the teams that worked with spec-
trometers (Table 4). The table demonstrates that
most measurements made with spectrometric
instruments were calibrated on the day of the meas-
urements.

At once for a large part of the SRP-68-01 radiome-
ters the calibration factor was unknown and required
recovery (Table 5). At the six oblasts, the radiometers
were not calibrated even once. For the another two
oblasts (Zhytomyr and Odesa), it was common when
the calibration factors were listed only in some infor-
mation lists with the measurements’ results.

1 B xopi MOHITOPUHIY BUKOPWUCTOBYBANMCL NPUI3AN 3 TPbOMa TUNamK iHAWKALYI: PEECTPaLYs IHTEHCUBHOCTI raMMa-BUNPOMIHIOBAHHS (NpuUaam 3i CTPINKOBAMM iHAMKaTopamu),
peecTpaLlis NPOLEHTY Bifl aKTUBHOCTI PePpEPEHTHOr0 Axepena BUNPOMIHIOBAHHS!, PEECTPALL HAKONNEHMX 3a NEBHMIA Yac iMNYNbCIB.

' Devices with three types of indication were used during monitoring: devices with needle indicators registered intensity of pulses, devices with indicators showed percent from inten-

sity of reference source, devices that indicated number of accumulated pulses.
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Ta6nuusa 4
3abe3neyeHicTb cneKTpoMeTpiB pedepeHTHUMM JyKepenaMu BUNPOMiHIOBAHHA
Table 4
Provision of the spectrometers with the reference sources of radiation
O6nacTb, B SiKiii NPOBOAUINCD KinbkicTb BUKOPUCTAHUX CNEKTPOMETPIB KinbkicTb BUMipIOBaHb
BUMIPIOBAHHS* BCbOrO B T.4Y. TUX, L0 KaniGpysanuchb BCbOr0 % BMMIpIOBaHb Y BiOMOCTSIX
xoya 6 pa3 3 KaniopyBaHHSM
Oblast where measurements N of spectrometric devices used for measuring Number of measurements
were performed* total number of devices which total  percent of measurements
were calibrated at least once in the lists with calibration data
BiHHuubka / Vinnytsya 1 1 418 100.0
Xurommupceka / Zhytomyr 2 2 4882 100.0
Kuiscbka Ta M. Kuig / Kyiv with Kyiv city 5 4 5339 84.9
Kpumcbka / Crimea 7 7 5480 100.0
JlbBiBCbKA / Lviv 3 3 3253 100.0
Opecbka / Odesa 2 2 1779 100.0
Yepiriecbka / Chernihiv 8 7 31463 44.8
Bcboro / total 28 26 52709 65.5

Mpumitku. * — OnyweHi faHi no Cymcbkiit Ta XMENbHULBKiF 0651acTsiX, B KX NPOBOANIOCH KOHTPObHE BUMIDIOBAHHS HE3HAYHOI KiNbKOCTi MICLIEBUX XUTENIB.
Notes. * — The data on Sumy and Khmelnytsky oblasts where control measurements of a small number of local residents have been performed are omitted.

Ta6nuusa 5
3abe3neyeHictb pagiometpie CPM-68-01 pechepeHTHUMU AyKepenamMn BUNPOMiHIOBAHHA
Table 5
Provision of the radiometers SRP-68-01 with the reference sources of radiation
O6nacTb, B SKiii NPOBOAUANCD KinbkicTb BUKOPUCTAHUX CNEKTPOMETPIB KinbkicTb BUMipiOBaHb
BUMIpIOBaHHA* BCbOrO B T.4Y. TUX, IO KaniGpysanuchb BCbOr0 % BUMIpPIOBaHb Y BiAOMOCTSX
xo4a 6 pa3 3 KaniopyBaHHSM
Oblast where measurements N of spectrometric devices used for measuring Number of measurements
were performed* total number of devices which total percent of measurements
were calibrated at least once in the lists with calibration data
BinHuubka / Vinnytsia 2 2 1626 100.0
[Joxeubka / Donetsk 5 - 1042 -
Xutommupceka / Zhytomyr " 3 42584 2.7
3anopisbka / Zaporizhzhia 2 - 40 i
Kuiscbka Ta M. Kuig / Kyiv oblast with Kyiv city 6 - 2001 -
Kpumcbka / Crimea 8 4 6556 53.2
JlbBiBCbKA / Lviv 1 1 1059 100.0
Opecbka / Odesa 13 12 16329 97.1
PieHeHcbka / Rivne 1 1 1655 100.0
Cymcbka / Sumy 6 - 1757 -
Xmenbhuupka / Khmelnytsk 6 - 3612
Yepiriecbka / Chernihiv 4 - 15247 -
Bcboro / total 64 23 93717 26.5
TakM YMHOM, PEKOHCTPYKILisSI YUCIOBOTO 3HAYECHHS Thus, reconstruction of the numeric value of the

KK motpiona mist 75 % Bin Beix Binomocrteii, B ikux Ha-  CF is necessary for 75% of all information lists,
KomnueHa iHdopmMallis Mmpo pes3ynabraTd BUMipoBaHb,  which have information on the results of measure-

BukoHaHux npuiagamu CPIT-68-01. ments made by the devices SRP-68-01.
3anexHicTh KoedilicHTa KamiOpyBaHHs Bin reoMeTpii Dependence of the calibration factor on geometry
BHMIiPIOBAHb of the measurements

Y xoni mMacoBoro MoHitopuHry 1986 p. kamiopyBanHsg  During mass monitoring in 1986, the devices' cal-
npuiaaaiB BigOyBajgoch 3a JOMOMOIoO IJIsgiikoBoro  ibration performed with help of a bottled phan-
danTomy. KamiopyBanbHi KoediienTu Kp, orpumani 32 tom. The calibration factors K, obtained through
JIOTIOMOTOIO0 TISIIIKOBUX (paHTOMIB, TTOBUHHI OyTH cKo-  the bottle phantoms must be corrected by a factor
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PuUcyHOK 1. 3anexHictb BiKOBMX KOpUryBajb-
Hux nonpaeok G go KK Big Biky Ta rnubuHmu koni-
matopa CPM-68-01 (ycepeaHeHe ANA XNONYUKIB
Ta AiBYaTOK)

Figure 1. Dependence of the age correcting coef-
ficients G to the CF on age and depth of the colli-
mator SRP-68-01 (averaged for boys and girls)

peroBaHi Ha KoedilieHT G, IKMI BpaxOBY€E BILUIMB

MeTpii BUMiploBaHHS Ta (i3nyHi xapakrepuctuku I3 i
MOKPUBHOI TKAHWUHU B 00JIACTI LIMi HA CUTHAJ IeTeKTO-

pa npunany (auB. opmyiy (1)).

Ockinbku po3mipn I3 € dyHKIi€e0 Mach, a 3HAYUTH
¢yHKUie0 BiKy Ta cTaTi — KoedillieHT G TakoX €
(yHKI1Ii€10, 3a71€XXHOIO Bifl BiKy Ta cTari. B nitepatypi [19,
20] omy06JikoBaHi Juille JaHi 11040 Bik-3ajexkHocTi KK
qutst papiometpiB CPIT-68-01 mpu BiacyTHiX KoJliMaTopax'.
[Tpu po3paxyHKy ToIpaBoUYHUX KoePilieHTiB G 1151 IIpu-
JIafiB 3 KoJjliMaTopaMu JOBiIbHOI nouHu, 113 moaunu
MoOJeI0BaIach ABOMA IBOBICHUMM eJIiIcoinraMu odepTaH-
Ha [21]. ¥V upomy pasi G cTaHOBUTH COOOIO BiTHOIICHHS
3apPEECTPOBAHUX JETEKTOPOM iHTEHCUBHOCTEH BUITPOMi-
HIoBaHHS Big moneni 113 Ta Moaeni misiikoBoro aH-
TOMY IpPU YMOBi OJJHAKOBOI'O BMICTy padioiiogy B HMX.
Ha puc. 1 nokazaHo oTpuMaHi HaMM BiK-3aJIe>KHi 3HaYeH-
Hs1 G (cepeHi IUTsl Y0JI0BIYOi Ta XKiHOYOI CTaTi) IS pi3HUX
MIMOWH KOoJliMaTopa, a Ha puc. 2 — 3HayeHHs G 1 0e3-
komimaropHux CPIT-68-01, orpumani y po6oti [20] wwisi-

XOM MaTreéMaTNM4YHOIro MOIC/IIOBaHHSA (I)aHTOMiB

Pimxcbkoi nadoparopii (CILIA) metonom Monte-Kapio,
a TaKOX y3arajabHEeHi JliTepaTypHi JaHi 11st 6e3KoaiMaTop-
Hux CPI1-68-01, HaBeneniy [19]. 3 puc. 2 BUAHO, 1110 OT-
pUMaHi HaMU MOJEJIbHI 3HaUYeHHS BiKOBOI TornpaBku G'y
pasi BigcyTHocTi KosmimaTopa Ha npwiani CPIT-68-01

01M3bKi 10 omybJiikoBaHUX y podoTax [19, 20].

PUCYHOK 2. MopiBHAHHA BiKOBUX KOPUTyBasbHUX NO-
npaBoK G, po3paxoBaHMX 3rifHO 3 aHANITUYHOIO MO0
[21] y pa3i HynboBOi rMM6GUHM KonimaTopa papiomerpa
CPN-68-01, 3 niteparypHumu ganumu [19, 20]

Figure 2. Comparison of the age correcting factors from
[19, 20] and those calculated in accordance with analyt-
ical model [21] in the case of zero-depth collimator for
the radiometer SRP-68-01

reo- G that accounts for the influence of geometry of
the measurements, physical characteristics of the
thyroid and coating tissue in the neck area to a sig-
nal of the device's detector (Eq. (1)).

Since the size of thyroid is a function of mass, and
therefore a function of age and gender, the coefficient
G is also a function dependent on age and sex. In ref-
erences [19, 20] there are published only data on the
age-dependence of the CF for radiometers SRP-68-
01 with absent collimators'. For calculation of the
correction coefficients for devices with collimators of
any depth, the human thyroid was simulated by two
double-axis ellipsoids of revolution [21]. In this case
the G'is the ratio of intensities registered by a detector
of radiation coming from a model of thyroid and a
model of bottled phantom on condition that they
have the same content of radioiodine in them. Figure
1 shows the age-dependent values of G found by us
(average for a male and female) for various depths of
the collimator. Figure 2 demonstrates the values of G
obtained for SRP-68-01 gained in [20] by mathe-
matical simulation of the thyroid phantoms of Oak
Ridge Laboratory (USA) with help of Monte Carlo
method and compiled data for non-collimator SRP-
68-01 presented in [19, 20]. Fig. 2 shows the model
values of G we received for SRP-68-01 with absent
collimator are close to published in [19, 20].

Ok-

! KonimaTopom 3a3Buuaii CRIyXuB TOHKMI MCT CBUHLLIO, OGrOPHYTWiA HaBKoNO AeTekTopa npunagy. KoniMatop Mir BUCTYNaTv 3a Topelb JeTekTopa Ha fekinbka CaHTUMETPIB.

Jl0BXMHA LibOTO BUCTYNY Ha3MBAETLCA rMMbMHoI0 Konimaropa.

1 Usually a thin sheet of lead wrapped around the detector unit served as collimator. Collimator could shift to a few centimeters relatively to the end face of detector. The value of this

shift is called “collimator depth” or “collimator shift”.
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PexoncTpykuis kaniopyBaibHux KoediieHTiB s
pamiomerpis CPII-68-01

Hamu Oyno mpoBeaeHO KammiOpyBaHHSI 2 palioMeTpiB
CPII-68-01 3 mOBHMM ITOBTOPEHHSIM CXEMU KajiOpy-
BaHHs 1986 poky. B sikocTi mIkepena BUMPOMiHIOBAaHHSI
BUKOPUCTOBYBajJach IUisIIKa-(gaHToM o6’eMom 10 mi,
HaIloBHEHA BOMHUM posdrmHoM 1. 3HaiimeHi 4mciiosi
3HauyeHHs KK BUSBUIMCS OMHAKOBUMM 1Jis1 000X BUKO-
pUCTaHMX TIPUJIAJiB; Y BUMAAKY BiJICYTHOCTI KoJliMaTtopa
(abo sKIIO BiH HE BUCTYMaB 3a TOpPEllb JETEKTOPHOTO
010Ky, TOOTO TIPU HYJIBOBINM TTMOWHI KoyriMaTopa) umc-
JoBe 3HaueHHs1 KK nopiBHioBasio 90 bk roa/mMkP.

Ha puc. 3 naBeneHo 3HaueHHs1 KK, oTpumaHe HaMu y
(baHTOMHUX eKCITeprUMEeHTax Ta CKOPEKTOBaHE Ha BEJM-
YUHY TeOMeTpUYHOI TTonipaBku G (nuB. puc. 1). s mo-
pPIBHSIHHSI HaBeJeHi TakoxX eMmmipuyHi 3HadeHHS KK
IJI TPhOX BiKOBUX TpPyIl, OTpUMaHi y poboTi [22] Ha
JOOPOBOJIBIISIX 3 BUKOPUCTAaHHSIM 0€3KOJiMaTOPHOTO
CPII-68-01. 3 pucyHKa BUIHO, 1110 3HAAEHI HAMU 3HA-
yeHHs KK B cepegHboMy criBragaioTh 3i 3HaYEHHSIMU,
OTpUMaHUMHU Y poOoTi [22]. TakuM YMHOM, y BUMNAAKY
BimcyTHOCTI KanmiopyBanHst pamiomerpiB CPII-68-01 B
sKocTi BeanunHu KK HamMu BMKOpUCTOBYBaloCsl 3Ha-
yeHHs K = 90 bk-ron/MKP, ckoperoBaHe Ha BiK-3aJ1eX-
Hy Ttonpasky G.

Reconstruction of the calibration factors

for the radiometers SRP-68-01

We calibrated two radiometers SRP-68-01 with a
full repetition of the calibration steps as in 1986. As
the radiation source there was used phantom bot-
tle of 10 ml filled with an aqueous solution of "'I.
The found numerical values of the CF occurred to
be the same for both devices used. The numerical
value of the CF was equal 90 Bg-h/uR when the
collimator was absent (or if it did not protrude fur-
ther the end face of detection unit, i.e. at zero
depth of the collimator).

Figure 3 demonstrates the CF value received by
us in phantom experiments and corrected by the
value of geometric factor G (see Fig. 1). For com-
parison, there are also presented empirical values
of the CF for three age groups obtained in [22] on
volunteers using the SRP-68-01 with absent colli-
mator. The figure shows that the average values of
the CF found by us coincide with the values
obtained in [22]. Thus, in the absence of calibra-
tion procedure for the radiometers SRP-68-01 as
a value of the CE we used the value K, = 90
Bg-h/uR adjusted for the age-dependent correc-
tion factor G.

N
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PucyHOK 3. MopiBHAHHA eKcnepuMeHTanbHUX Bik-3anexHux koediuieHTiB kanibpysanHa K (aus. dopmyny (5))
ana papiometpie CPMN-68-01, otpumaHux Ha pobpoBonbusax [22] Ta 3a AONOMOro NAAWKOBOro ¢aHToma 3

ypaxyBaHHAM BiKOBOi1 nonpaBku G

Figure 3. Comparison between the experimental age-dependent calibration factors K (see Formula (5)) for
the radiometers SRP-68-01 obtained on volunteers [22] and gained by using bottled phantom taking into

account the age correcting coefficient G

(1) 194
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KK a5 cieKTpoMeTpUYHIX MPUJIAIiB

BincyTtHicTh gaHux, HeoOXiaHUX aJist po3paxyHKy KK mis
CHEeKTPOMETpPiB, € IpobJIeMOI0 Juille ABOX objlacTeil —
UepHiriBebKoi (55 % Bcix BUMIpIOBaHb Y BiTOMOCTSIX 0€3
JMaHUX KajaiOpyBaHHS), i MeHIIO0 Mipoto — KHiBChbKOI
(15 % BumiproBanb), (muB. Tab6m. 4). dnsg aux KK oyan
ekcriepTHo Bu3HaueHi gaxiBusmu HJII I'MT Bigpasy
TIiCJIS 3aBEPIIIEHHSI MOHITOPUHTY.

Mogaean npsiMuX BUMIPIOBAHb BMIiCTY

panioiiony B 1113

Bigmomo [23], o nipu ¢ikcoBaHiil iHTEHCUBHOCTI BUII-
POMiHIOBaHHS paioaKTUBHOTO JXKepeJsia # WMOBIpHICTh
3apeeECTpyBaTU k BiJTiKiB HA BUMipIOBaJIbHOMY MpUJIaii
(HarmpuKian Ha JiYMmIbHUKY leirepa-Mionepa) 3a gac ¢
BU3HAa4Ya€eThCs 3aKkoHOM IlyaccoHa 3 mapaMeTpoM nf:

The CF for spectrometric devices

The lack of data needed for calculation of the CF for
spectrometers is a problem only for two oblasts i.e.
Chernihiv one (55% of all measurements in the lists
without calibration data) and to a lesser extent Kyiv
one (15% of the measurements), see Table 4. The CF
for them was established expertly by specialists of the
RIGMT immediately after the monitoring finished.

Model of direct measurements of the content

of radioiodine in the thyroid

It is known [23] that at the fixed intensity of emis-
sion for a radioactive source »n the probability to
register k counts using a measuring device (such as
the Geiger-Muller counter) for the time 7 is
defined by Poisson’s Law with parameter nt:

k
pn(k):ﬂe_m’k:o’l,z’“_ (3)

k!

Buxonsuu 3 (1) Ta 3 onmucaHUX BUILE METOIIB BUMipIO-
BaHHs pagioakTuBHocti P'l B I3, omepxkumo:

ku

0 =K

Ly
ne ) — paxgioaktusHicTb "'l B mmTONOAIOHIN 3271031,
ks — KiJAbKiCTb iMIYJbCiB, 3aPEECTPOBAHUX MPUIAAOM
npu BuMiproBaHHI pamioaktusHocTi 'l B III3 3a yac
BUMIPIOBAHHS 5, Ky — KIJTBKICTh iIMITYJIbCIB, 3aPEECTPO-
BaHUX MpPUJIAZOM MpPU BUMIpIOBaHHI pPaliOaKTUBHOTO
(bony 3a yac BUMIpIOBAHHS fyg, fsn — KOEDILlIEHT eKpaHy-
BaHHSI (POHOBOI'O BUIIPOMiHIOBaHHSI, K — BiK-3aJIe>XHUI
koediuieHT kaniopyBanHs (KK nmpunany Bif rmisiikoBo-
ro paHTOMYy Kj, CKOPEKTOBAaHUII Ha TEOMETPUYHY BiKO-

By nonpaBsky (G):

Based on (1) and the described above methods on the
radioactivity measurement "*'I in thyroid, we obtain:

k
— (4)

t bg
where () is the radioactivity of "*'I in thyroid, ku is
the number of pulses registered by the device when
measuring the radioactivity of *'I in thyroid during the
time #; of measurement, ks is the number of pulses
registered by the device when measuring radioactivity
background during the time #, of measurement, f is
screening coefficient for the background radiation, K
is the age-dependent calibration factor (the CF of
device from the bottle phantom K, adjusted with the

age-dependent geometric correcting factor G):

K=K, G. (5)

OCKiZIbKM MPU JOCTaTHbO BEJIMKMX A MYaCOHiBCbKUM
po3noait (3) 61u3bKuii 10 HOpMaJIbHOTO [24], TO MOXXHAa
3aIMcaTu:

mes tr 2
Ry~ N(nth’Grh)’

ne N(0,1) — HopMaJIbHO pO3Mo/ijJieHa BeJIUYMHA 3 HYJIb-
OBMM MaTeMAaTHUYHUM CIOIiBaHHSIM Ta OAUHUYHOIO

. J bg . .

mucnepciero, n;," =—", n,* = —" — iHTEHCHBHOCTI
. th Z‘bg .

paTioakKTUBHOTO JXXepesia 3ape€eCTPOBaHi IPHUIALOM

nig gac BuMipoBaHas 113 Ta ¢poHy BigmoBigHO, a
tr tr
2 _ Ny 2 Mg .
= — — gucmepcii MoXnuOOK IMX BUMi-

th — > M bg
tth

bg
ploBaHb. I[HOeKC “fr” o3Haya€ cripaBXXHE 3HAYEHHS Be-
JIMYUHU, B TO# Yac 9K “mes” — 1l BUMipsTHE 3HAUCHHS.

Since for sufficiently large #, the Poisson distribu-
tion (3) is close to normal one [24] we can write
down:

mes N(ntr Ggg) , (6)

I’lbg

bg >
where N(0,1) is normally distributed value with zero ex-

mes th mes bg

pectation and unit variance; n,, =—, n,, =—
tth tbg

are intensities of a radioactive source registered dur-
ing the measurement of thyroid and background

tr r
n n
2 _ My 2 _ bg
G, =—>0 =— arethe
. th b b‘f (13 29
variances of the measurements’ errors. Index “#r

means the true value while “mes” does its meas-
ured value.

respectively, and
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OkpiM BacHE CTaTUCTUYHOI MOXUOKHU peecTpallii, Be-
JMYUHK 1" Ta My, MICTATH e il JOXAaTKOBY iHCTpY-
MEHTaJIbHY MOXMOKY, OJUCIIePCilo SIKOi OyaeMo I0o3Ha-
yaTh O ,,, . Toli MOXHa OLIHWTH MOBHI JUCIIEPCIT Mmo-

xnbok BumiproBaHHs I3 ta ¢pony:

Buxonsgum 3 Meromy KamiOpyBaHHSI BUMiprOBaJbHOTO
TMpWIaTy, MOXHA 3aICcaTh MPUOJIN3HE CITiBBiTHONIEHHS:

K™ ~K"(1+8,7,),

Je Ok OLIHIOETHCS, BUXOASAUM 3 MOXUOKU €TAJIOHHOIO
mkepena 'l Ta moxubku npuiamy.

Bupas (4) 3 BukopuctanHsaMm (6) — (8) nmepenuiueTbest
TaK:

o™~ Ktr(l + 8KY1)(”:;

In addition to the statistical error of registration
the values #;,“ and n,,” contain one more instzru—
mental error with variance to be denoted G ,,,.
Then one can estimate the full variances of the meas-
urement errors for both thyroid and background:

A mes
2 _ ""bg 2
cybg __+Gdev (7)
g

Based on the method of calibrating the measuring
device, one can add the approximate value:

~N(O,D, ®)

where &k is based on the error of reference source
BT and the device’s error.

Expression (4) with using (6) — (8) can be rewrit-
ten as:

= [t +0,72) ©)

ne G, =1/c,+ O hg > aY2~ N(O,1). where o, =1/c;+ fsics,fg ,and y2 ~ N(0,1).
3 (9) maemo: From (9), we get:
O™ ~ K" (ny = [y + (= [ )3 Y, +0,Y, +845,7,7,) - (10)
OcCKiJIbK1 Since
Qtl‘ Ktl‘(n f;,hnltjtg) , (11)
to mmincraBisoun (11) B (10) ogepknMo: then substituting (11) in (10), it is:
O™ ~0"+K"(c,y, +(n, = faly)S kY1 +8,0,Y\V,) 0" +o4Y (12)

ac

where

— K"l +0287 +(n]

. tr r . . . r
OCKUIBKA n, u nbg HEeBiIOMi, TO 3a OLIiIHKY GQ
Bi3BMEMO:

— i )?82)

Inasmuch as nth and nb are unknown, the esti-
mate of G, 0 > will be the following:

o1 = K™ 62 +6282 + (nl — f,nl)?52 ).

OCTaTOYHO OJEPXKUMO MOMAEIb CIOCTEPEXEHHS pa-
nioakTuBHOCTI I3 3 KJIAaCMYHOIO aAUTUBHOIO MOXUO-
KOIO:

Qmes — Qtr 10 mesy ,Y N(O 1)

IToxnbKu KaniopyBaHHs NpuIagiB
IMoxubka Sk Bik-3a1e3KHOr0 KoedillieHTa KaniopyBaHHS K,
BU3HA4YeHOTo B (5), MoXe OyTH 3HalieHa SIK:

Sy =~07+82,

ne O, — BiIHOCHA MOXMOKA KajiOpyBaHHS MPWIALY Bif
IUISIIIKKU-daHTOMa, a O¢ — BiIHOCHAa MOXMOKa BiKOBOI
nonpaBku G.

Hnsa pagiomerpiB CPII-68-01 BeauumHa BimHOCHOT
MOXMOKM TEOMETPUYHOI IOIpPaBKU Og 0a3yeTbCs Ha

(1) 196

13)

Finally, we get the observation model of thyroid
radioactivity in accordance with the classical addi-
tive error:

(14)

Errors of the devices calibration
The error &k of the age-dependent calibration fac-
tor K specified in (5) can be found as:

15)

where 9, is relative error of the device’s calibration
using bottle phantom and d¢ is relative error of age
correcting factor G.

For the radiometers SRP-68-01, the value of the
relative error d¢ for geometric correction is based
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eMIIIpUYHUX JaHUX, OTpuMaHuX B [22] i ckinamae 15%.
OCKiIbKM B CIEKTPOMETpaxX CLMHTWISALINHI KpUCTaIU
JIETEKTOPIiB 3HAXOASATHCSI HA CYTTEBO OiuNbIIiN BimcTaHi
Big I3, BB reomeTpii BUMiplOBaHb JJII HUX MEH-
muii. ToMy [Isg CHEKTPOMETPIiB O Oyjaa eKCIEPTHO
oiiHeHa B 5%.

KaniopyBaHHs1 npunany Bif IUISIILIKKU-(aHTOMa MOJIsI-
ra€ y BU3Ha4YeHHi MOT0 YyTJIMBOCTI, TOOTO BU3HAYEHHI
BEJIMYMHU 7y, — My, , 3yMOBJIEHOI pajtioakTuBHicTio O, ,,
€TAJIOHHOTI'O JKepesia BUIIPOMiHIOBaHHS. ToMy O, BU3-
HayaeThes 3a GOPMYIIOL0:

on empirical data obtained in [22] and is estimated
as 15%. Since scintillation crystals in detectors of
spectrometers are located significantly farther from
the thyroid therefore the influence of measurement
geometry is less. So, for spectrometers, & was
expertly estimated to be equal 5%.

The device’s calibration by a bottle phantom is
to determine its sensitivity, i.e. to find out the val-
ues n,,; —n,, caused by radioactivity Q,,, of a re-
ference radiation source. Therefore, J, is specified
by the following formula:

8, =[5, +
Moo

ne O — BiIHOCHA MOXMOKA palioaKTUBHOCTI €TaJIOHHO-
ro JIxxepena, BiloMa 3 TeXHIUHOI JOKYMEHTallil mocTa-
yajgpHUKa (BUpoOHUYE o0’emHaHHS “I30TOMN”), a Gs —
noxubKa Mpyu BUMiplOBaHHi iHTEHCUBHOCTI €TaJOHHOTO
JKepena.

OcKiNbKM mpoliec KaniopyBaHHS MPpUIaAy Bil TISIIKNA-
(pbaHTOMA € aHAJIOTiEI0 BUMIPIOBAaHHS BMiCTYy paliOaKTUB-
HocTi y I3, To moxudKa Gs BUBHAYAETHCS AaHATIOTIYHO:

A

mes

ref

2 _ 2 .
ne G, = +0G ,, — OLIHKa quCIepcii oXuoKu Bu-

ref

MipIOBaHHSI THTEHCHUBHOCTI €TaJOHHOIO JXepeja 3a
qac .

Juist mpunaniB 3 BiICyTHBOIO iH(MOpMaIli€lo 1IOA0 Ka-
JiopyBaHHS O, OyJia ekcriepTHO owiiHeHa B 0,2 (20 %).

PE3VJIBTATU TA OBTTOBOPEHHS

Po3nonin ouiHOK akTUBHOCTe# paaioiony B I3, po3-
paxoBaHMX BiAMNOBIIHO A0 BUILEHABEAEHOI METOIM-
KW, Ma€ 4iTKO BUpPaXXeHUU JIOTHOpMaJIbHUI XapaKTep
(puc. 4) 3 cepenHim reometpuuyHuM (GM) piBHUM
4,8 kbK Ta reOMETpUYHUM CTaHAAPTHUM BiIXWUJIEHHSIM
(GSD) 3,8. Po3kua akTUBHOCTE! BUSIBUBCSI 3HAUHUM:
90 % BCix 3HaYeHb pamioakTuBHOCTI 1113 IeXUTH B iH-
tepBaii 0,58—47 xbk.

OkpeMo TOTpiOHO cKa3aTW TPO BiAXWIEHHS pO3-
MOAiNy Bil JOTHOPMAJbHOIO BUAY B 00JaCTi Malux
3HaueHb BMicTy pagioitony. Ile BimxuiaeHHs (B JiBii
YyacTUHI puc. 4) ToB’s3aHe 3 TUM, 110 Pe3yJbTaTu He-
JMIOCTOBIPHUX BUMipIOBaHb II€H3ypyBaiaucs. Bumipio-
BaHHSI BBaXKaJIOCh HEAOCTOBIPHUM, SIKIIO MMOBIpHiCTb
TOoro, Mo “ymcra” iHAWKaNig npuiaany (pizHULII
iHOWKaLii Tpuiaagy Bim IIMTOMNOAIOHOI 3a703M Ta Bif
(oHy) nmopiBHIOE HyJieBi, He TepeBuinye 25%. lLle
€KBiBaJICHTHO YMOBI 110 (M4 - fon* Mag) > 0,68 G,. THIIN-
MM CJIOBaMHU, MiHiMaJbHa JEeTeKTOBaHA aKTUBHICTb

Gy

_nb

_ 2 2
Gy =10, y10

2

, (16)
g
where d,. is relative error of activity for the refer-
ence radioactive source which is known from the
technical documentation of provider (Production
Association “Isotope”) and Gy is error in measur-
ing the intensity of the reference source.
Since the process of calibration by a bottle phan-
tom is similar to measurements of radioactivity in
the thyroid then the error o5 is calculated similarly

A

a7

mes

ref

N
where o fe/. = +G, isestimation of error

variance for mea?ﬁring the intensity of the refer-
ence source during time #..

For devices with missing information on the calibra-
tion, &, was expertly estimated to be equal 0.2 (20%).

RESULTS AND DISCUSSION
The distribution of activities of radioiodine in thy-
roid calculated according to the aforementioned
methodology has clearly expressed logarithmically
normal nature (Fig. 4) with a geometric mean (GM)
equal to 4.8 kBq and geometric standard deviation
(GSD) equal to 3.8. The spread of the activities
occurred to be significant, namely, 90% of all values
of thyroid radioactivity are in the range 0.58—47 kBq.
It should be emphasized separately that there is a
deviation of distribution from the lognormal one in
the region of small values of radioiodine content. This
deviation (the left side of Fig. 4) is due to the censor-
ing of the results of unreliable measurements. The
measurements were considered unreliable if the prob-
ability of a “pure” indication of the device (difference
between the device’s indication of thyroid and back-
ground) was equal to zero, was < 25%. This is equiv-
alent to that condition that (#4 - fo* 1sg) > 0.68 G, In
other words, the minimum detected activity (MDA)

197 =&
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Figure 4. Density of distributions of the estimates on content of radio iodine in the thyroid in the field of

logarithms

(MIA) panioiiony B 1113 npuiitmaiachk Ha piBHi 0,68 G,.
Y Tomy pasi, SIKIIO pe3yJbraT BUMiplOBaHb OYB MEH-
muM Hixk MJIA, BiH 3aMiHIOBaBcs IoJoBUHOIO MJIA.
Tobto 3a ymoBU (M4 - fon* nie) < 0,68 G, IpUiIMaOCh,
WO Ay - fsn Npg = 0,34 G

B Tabauui 6 HaBemeHi MapaMeTpU pO3IOAiTIB
OLIiHOK BMicTy panioioay B II[3 y MemkaHIIiB pi3HUX
objacrteii Ykpainu. He AMBHO, 110 BUCOKi OLIHKH
BMICTy paaioiiony XxapaKTepHi mjis MelnkaHuiB Kuis-
cbKkoi Ta ZKutomMupcbkoi obyacrteii, Oiiblll HU3bKI —
JJIT MEIIKaHIIB BigmaneHoi Big micus aBapii JIbBiB-
CbKOi obOyiacTi. BiTHOCHO HEBMCOKi 3HAaUEHHS BMIiCTYy
panioviony y I3 xurteniB Kuea MoxkHa IOSICHUTU
TUM, 100 IS HUX MOJIOUHMM IIUISIX HaIXOIKCHHS
pangioitogy B opraHiaM OyB 0OMeXXeHUI KOHTp3axoaa-
mu [4, 5]. I1pu uboMy IJ1s BCix obacTei XxapaKTe pHUA
BEJIMKUUW PO3KUJI OLIHOK (Benuki 3HaueHHa GSD Ta
STD).

Posnognin BimHOCHUX MOXMOOK BUMipIOBaHb pajioak-
tuBHOCTI III3 mpeacraBieHuii Ha puc. 5, a ioro xapak-
TEPUCTUKU — cepeaHe, MeniaHa 1a 5 % i 95 % kBaHTWII,
HaBeJeHi y Tabii. 7. [IJist BCbOro MacUBY JaHUX CEpeaHs
BimHOCHA moxuoka ctaHOBUTH 0,33, 1110 CYTTEBO OiMbIIIE,
HiXX (opMajibHi NPUIaA0Bi BEIMYMHU MOXUOOK, HaBe-
JIeHi B TeXHIYHili JOKyMeHTalili BUMipIOBAJIbHUX IPU-
naniB. OcHoBHUI MacuB 3Ha4eHb (90 %) BiZTHOCHMX MO-

(1) 198

of radioiodine in thyroid accepted at level 0.68 G,,. In
that case, if the result of measurement was less than
the MDA, it is replaced by a half of the MDA. With
the proviso that (14 - fs - nsg) < 0.68 G, it was accept-
ed A —fsh *Npg = 0.34 Oy.

Table 6 shows the distributions’ parameters of esti-
mates on content of radioiodine in thyroid amongst
the residents of different oblasts of Ukraine. No won-
der that the high estimates of content of radioiodine
are specific for the residents of Kyiv and Zhytomyr
oblasts, and they are lower for Lviv oblast being
remote from the accident place. The relatively low
values of radioiodine content in thyroid for Kyiv res-
idents can be explained by the fact that the “milk”
way of radioiodine incorporation was restricted by
countermeasures [4, 5]. As this takes place, there is
the large deviation of estimates (high values of both
GSD and STD) being typical for all oblasts.

The distribution of relative errors of measurements
of thyroid radioactivity is depicted in Fig. 5 and its
characteristics such as the mean, median, and 5%
and 90% percentiles are presented in Table 7. For all
dataset the mean relative error is 0.33 which is sub-
stantially higher than the values of the formal instru-
ment errors given in the technical documentation of
the measuring devices. The majority of values (90%)
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Ta6nuuysa 6
Xapaktepuctuku ob6nacHux posnoginis Bmicty pagioioay B L3: AM - cepegHe apucmeTuyHe, STD - ctaHpapTHe
BigxuneHHa, GM - cepepHe reomeTpuyHe, GSD - reomeTpuyHe CTaHJAPTHE BiAXUNEHHA

Table 6
Characteristics of regional distributions on the content of radio iodine in the thyroid: AM is arithmetic mean,
STD is standard deviation, GM is geometric mean and GSD is geometric standard deviation

MicuesHaxomkeHHs cy0’ekTiB Xapakrepuctuku posnopainy / characteristics of distributions

niA 4ac asapll ) AM STD GM GSD mepiaHa 90% noBipumii iHTepBan
Oblast of subjects location kbk /kBq kBk/kBq kBk/kBq «kBk/kBq median 5*"_9g5™ percentiles
at the time of the accident KBk / kBq

Kuiscbka 06n. / Kyiv 11 24 5,4 3,2 5,0 0,97-40

M, Kuig / Kyiv city 2,3 4,2 1,5 2,3 1,4 0,52—-6,4
Xutommupcbka 06n. / Zhytomyr 18 38 6,7 4.1 6,3 0,74-71
Yepiriecbka 065. / Chernihiv 8,5 23 3,5 3,6 3,5 0,45-30
BiHHMLbKa 06n. / Vinnytsya 7,4 10 2,8 48 3,7 0,21-31

JibBiBCbKA 06N, / Lviv 0,3 0,3 0,2 2,4 0,2 0,06-0,84

Bci o6nacri / all locations 12 29 4,8 3,8 4,6 0,58-47
Ta6nuusa 7

XapaKTepucTUKK po3noginy BigAHOCHMX NOXMOOK BUMiploBaHb pafioakTuBHocTi L3 3anexHo Big TMNy npunagy
Table 7

Characteristics of the distribution of relative errors for the thyroid radioactivity in dependence on the type of
device

Tunu BumipioBaHb pagioakTueHocTi L3 % Bip, KiNbKOCTi BipHocHa noxuoGka / relative error
BUMIpIOBaHb AM MepiaHa 90 % poBipunii inTepBan
Measurements by device’s types Percent from all median 5%_g5% percentiles
measurements
Bci BUMiptoBaHHS 100% 0,33 0,26 0,10-0,61

All measurements

BumiptoaHHsi, 3po6neHi cnekTpomeTpamu 36% 0,27 0,22 0,09-0,54
Measurements performed by spectrometric devices

BumiptoatHsi, 3pobneHi pagiomeTpamu 64% 0,37 0,29 0,20-0,66
Measurements performed by radiometers

XMOOK MPSIMUX BUMipioBaHb pamioakTuBHOCTI 1113, po3-  of the relative errors of the direct measurements of
paxoBanwmx 3rigHo (13) Ta (15)—(17), 3HaxomuThcst B Me-  thyroid radioactivity being calculated according to
xkax 0,1-0,6 (puc. 5). (13) and (15)—(17) are in the range 0.1—0.6 (Fig. 5).

CkJamHMii XxapakTep po3Moiy, MOKa3aHOTo Ha pucC. The complex nature of distribution shown in Fig.
5, MOSICHIOEThCS CYMilllEHHSIM B OMIHOMY MacuBi BUMi- 5 is explained by the combination inside a single
ploBaHb, BMKOHAaHMX pPIi3HUMM THUIIaMU TIpuiaagiB  array of measurements made by different types of
(crieKTpoMeTpaMU Ta iHTerpalbHUMU pagioMeTpaMu).  instruments (spectrometers and integrated radiome-
PagiomeTpu € MeHII TOUHUMHM TIpUaagaMu; BifHocHa  ters). Radiometers are the less accurate devices with
MOoXMOKa A HUX MouynHaeThesd 3 BenuauH 0,2, Tomi  relative error for them begins with magnitudes of 0.2,
IK CIEeKTPOMETpH AEeMOHCTPYIOTh 3HA4YHY KiJbKicTh  While spectrometers show a significant number of
BUMipIOBaHb 3 MEHIIOI0 MoxuOkoi. [ns1 Bumipro-  measurements with less error. For measurements
BaHb, BUKOHaHMX oOoMa TumamMu npuaaaiB, xa- made with both types of the devices there is an
pakTepHa 3HayHa MpaBa aCUMETPUUYHICTL pO3IOmiiiB  important characteristic expressed by significant
BIiIHOCHUX MOXMOOK. AHaJIi3 IMOKa3ye, 10 OCHOBHUM  right asymmetry of the distributions of relative
KOMITOHEHTOM BIiZHOCHMX TTOXMOOK 3 BeaumuumHamMu  errors. The analysis demonstrates that the main
noHan 0,5 € op — moxubOKa “yucToi” iHauKaLii mnpuiaa-  component of the relative errors with values above
oy (moxmbka pisHuMII iHAMKamii mpuiany Bim murto- 0.5 is the 6, being the error of “pure” indication of
noaiOoHOI 3a7103M Ta Bim ¢poHy), aka gocsarae cyrreBux  device (the error of difference between the device’s
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Figure 5. Distribution of the relative measurement errors on the content of radio iodine in the thyroid

BEJIMYUH BiJHOCHO 10 “4MCTOI” iHAMKAaLil mpuiagy y
pasi, SKIO caMa iHAMKallisl € OJM3bKOo A0 (OoHY.
[ToTpiOHO 3ayBaxkuTH, 110 HEe3HayHa “yucra” iHAU-
Kallist npuiaay CBiTYMTh MPO HU3bKUI BMICT pagioak-
tuBHocTi 'l y mmTononi6GHii 3a103i i1, BigmoBimHO,
Npo He3HAuHYy 103y OMNPOMiHEHHS LIUTOMNOAIOHOI 3a-
Jo3u. OTXKe, 3HAUYHI BiTHOCHI MTOXUOKM BiAMOBiIaIOTh
He3HAYHUM aOCOJIOTHMM 3HAYeHHSIM pamioaKTUB-
Hocti "'l y I3 i, BixmoBigHO, He3HAYHUM JTO30BUM
HaBaHTaxeHHaIM Ha I1I3. [Toxnboku BuMiproBans 1113
JJIsT cy0’€KTIB, 11O OTpMMAaJIM 3HAYHi J030Bi HaBaHTa-
>KEHHSI, MiCTATbCS Yy JIiBill YacTUHI pO3IOainy, moKas3a-
HOTO Ha puc. 3.

BUCHOBKUA

TakxuM ynHOM, MOXHa C(HOPMYJIIOBATH TaKi y3arajJbHIO-
[04i BUCHOBKU:

1. BukoHaHuii aHai3 4O3BOJISIE OLJIbILI KOPEKTHO MOPiB-
HSIHO 3 [5—7] ouiHMTU KiHLEBiI pe3yJabTaTh MacOBOTO
IHCTPYMEHTAJILHOTO MOHITOPMHTY BMICTy paioioay B
III3 memkaHUiB YKpaiHu, a came: 103U ONPOMiHEHHS
13 Ta X HOX1OKM.

2. MoxHa o4iKyBaTH, 1110 PU BUKOPUCTAHHI HOBUX O1li-
HOK pafniaktuBHOCTi 1113 (a 3HAYMTh i HOBUX OIIHOK JI0-
30BUX HaBaHTaxeHb Ha 1113) Ti€ro 4u iHIIIO0 MipoIo 3Mi-
HSATHCY 1 OLIIHKY PU3UKIB pamgioiHAyKoBaHUX pakiB 1113;

indication of the thyroid and the background) that
reaches significant values in relation to the “pure”
indication of devices if the indication is close to the
background. It should be noted that a small “pure”
indication of device testifies about a negligible con-
tent of "'l radioactivity in the thyroid and, respec-
tively, about a small dose of thyroid exposure. Thus,
the large relative errors correspond to low absolute
values of "' radioactivity in the thyroid and conse-
quently low exposure doses to the thyroid. The
errors of thyroid measurements for subjects who
received significant doses are at the left side of the
distribution shown in Fig. 5.

CONCLUSIONS

Summarizing the following general conclusions
can be formulated:

1. The analysis performed allows make a more cor-
rect, in comparison with [5—7], estimates of the out-
comes of mass instrumental monitoring on the con-
tent of radioiodine in the thyroid for residents of
Ukraine, namely, the thyroid doses and their errors.
2. It may be expected that when new estimates of
the thyroid radioactivity are used (and hence new
estimates of doses to the thyroid) then the risks
estimations of radiation-induced thyroid cancers

(1) 200
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MpU 1IbOMY OLIIHKW PU3MKiB CTaHYTh OUIBII HadifHUMM
3a paxyHOK BUKOPHUCTAHHSI METOMIB OIIIHIOBAaHHS, IO
BPaxoOBYIOTb HasIBHICTb MOXUOOK B J103aX OHNPOMiHEHHSI
I3 [12—15].

3. BapTo miakpecauTu, 110 BOeplle MPoBeASHO AOCTiI-
JKEHHSI, B pe3yJIbTaTi SKOoro 0ysaa po3podiaeHa METOAMKA
Ta BUKOHAHI po3paxyHKU MOXUOOK BHUMiprOBaHb padio-
iony B 113 y pamkax TMpPeOgO3MMETPUUYHOIO MOHITO-
puHry 1986 poky.

HaHe pocnigXeHHsI BAKOHaHEe B paMKax OIOIXKEeTHOI Te-
MU “PeKOHCTPYKIIisl 103 ONMPOMiHEHHS LIMTOMOMIOHOL
3aJ1034 JUTS KWTEJIIB YCiX HAaCeJIeHUX MYHKTIB YKpaiHu 3
ypaxXyBaHHSIM pPi3HUX JIXKepeJ HEeBU3HAUYEHOCTI”, sKa
¢inancyeTbcsl HamioHambHOIO akageMi€lo MeTWYHUX
HayK YKpaiHu.
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will be more or less change; the risk estimations will
become more reliable through the use of estimation
methods that take into account the presence of
errors in thyroid doses [12—15].

3. It is worth to emphasize that we pioneered the
studies in which there were developed methodolo-
gy and performed calculations of the measurement
errors of radioiodine in the thyroid in the frames of
thyroid monitoring in 1986.

This research work is a part of the study
“Reconstruction of thyroid doses for the residents
of all settlements of Ukraine taking into account
the uncertainty of various sources” which is fund-
ed by the National Academy of Medical Sciences
of Ukraine.

REFERENCES

1. Likhtarev 1A, Gulko GM, Kairo 1A, Sobolev BG, Chepurnoy NI,
Cheban AK; et al. Reliability and accuracy of the '3l thyroid activity
measurements performed in the Ukraine after the Chornobyl acci-
dent in 1986. Munich: GSF-Bericht 19/93, Institut fur
Strahlenschutz; 1993. 40 p.

2. Likhtarev IA, Shandala NK, Gulko GM, Kairo 1A, Chepurny NI.
Ukrainian thyroid doses after the Chornobyl accident. Health Phys.
1993;64(6):594-9.

3. Likhtarev 1A, Gulko GM, Sobolev BG, Kairo IA, Prohl G, Roth P,
et al. Evaluation of the *'I thyroid-monitoring measurements per-
formed in Ukraine during May and June of 1986. Health Phys.
1995;69(1):6-15.

4. Likhtarov I, Kovgan L, Vavilov S, Chepurny M, Bouville A,
Luckyanov N, et al. Post-Chernobyl thyroid cancers in Ukraine. Part
1. Estimation of thyroid doses. Radiat Res. 2005;163(2):125-36.
5. Likhtarev |, Bouville A, Kovgan L, Luckyanov N, Voilleque P,
Chepurny M. Questionnaire- and measurement-based individual
thyroid doses in Ukraine resulting from the Chornobyl nuclear reac-
tor accident. Radiat Res.2006;166(1 Pt 2):271-86.

6. Likhtarev I, Thomas G, Kovgan L, Masiuk S, Chepurny M,
Ivanova O, et al. Reconstruction of individual thyroid doses to the
Ukrainian subjects enrolled in the Chornobyl Tissue Bank. Radiat
Prot Dosimetry. 2013;156(4):407-23.

7. Likhtarov I, Kovgan L, Masiuk S, Talerko M, Chepurny M, Ivanova
0, et al. Thyroid cancer study among Ukrainian children exposed to
radiation after the Chornobyl accident: improved estimates of the
thyroid doses to the cohort members. Health Phys.
2014;106(3):370-96.

8. Likhtarev IA, Sobolev BG, Kairo 1A, Tronko ND, Bogdanova TI,
Oleinic VA, et al. Thyroid cancer in Ukraine. Nature.
1995;375(6530):365-78.

9. Likhtarov I, Kovgan L, Vavilov S, Chepurny M, Bouville A,
Luckyanov N, et al. Post-Chernobyl thyroid cancers in

201 =&



ENIAEMIONIOrNIA

TA AOSUMETPIA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

11. Error estimation for direct measurements in May-June 1986 of ¥l
radioactivity in thyroid gland of children and adolescents and their registra-
tion in risk analysis / I. Likhtarev, S. Masiuk, M. Chepurny [et al.] //
Mathematics and Life Sciences. — Berlin : Publ. House De Gruyter,
2012. — P. 231-244.

12. Mactok C. B. Bnnve noxubok BUMIpIOBAHHS B [103aX OMPOMIHEHHSI
LymTonoAibHOT 3a01031 Ha ouiHKY papiauiiiux pusukis / C. B. Mactok, C. B.
Wknap, O. T. Kykyw // Mpobnemu pagiauiiiHoi MeauumHu Ta pagiodio-
norii. — 2011, — Bun. 16. — C. 25-29.

13. Mactok C. B. Moxubkn 6epkCOHIBCLKOro TUMY B [103aX OMPOMIHEHHS Ta
iX BINMB Ha OLHKY papjaviiHux pusukis / C. B. Maciok, C. B. LWknsp, O. T.
Kykyw // Mpobnemu papjauiitHoi Meamumhm Ta pagiobionorii. — 2013. —
Bun. 18. — C. 119-126.

14. Methods for estimation of radiation risk in epidemiological studies
accounting for classical and Berkson errors in doses / A. Kukush, S.
Shklyar, S. Masiuk [et al.] // The International Journal of Biostatistics. —
2011. = N7, Article 15. — P. 1-32.

15. Mogeni perpecii 3 noxubkamu BUMIpIOBaHHS Ta X 3aCTOCYBaHHs 0
OLiHIOBaHHsI pagiauiinux puaukis / C. B. Mactok, O. I'. Kykyw, C. B. LLiknsp
[tain.] ; 3a peq. I. A. Nlixtapbosa — K. : [IIA, 2015. — 288 c.

16. UNSCEAR (United Nations Scientific Committee on the Effects of
Atomic Radiation). Sources and effects of ionizing radiation. Annex J: expo-
sures and effects of the Chernobyl accident. New York : United Nations,
2000. — 115 p.

17. OueHka MOrNOLWEHHOM [03bl B LUMTOBWUIHON Xenese Xutenei
BpsiHckoid, Tynbckoii, OpnoBckoii 0bnacTeit no pesynbTatam paauMoMeTpum
8 1986 rony / W. A. 3BoHoBa, M. W. BannoHos, A. A. bpatunosa [u gp.] //
Pagvaums n puck. — 1997. — Ne 10. — C. 95-116.

18. MutkeBuy B. A. BnusaHne pmHamuku Bbinapexus '8!l BcneacTeue
aBapuu Ha YepHoObinbckon ASC HA BENMYMHY MOTTIOLIEHHBIX 103 B
LMTOBUAHON Xene3e .ns xuteneit BpsHckoit v Kanyxckoit obnacreit
Poccum / B. A. Mutkesuny, W. K. XsoctyHos, H. K. LLnwkaxos // Pagnauus
u puck. — 1996. — Ne 7. — C. 192-215.

19. Balonov M. 1. Reconstruction of thyroid dose received by inhabitants
of areas contaminated by the Chernobyl radioactive fallout / M. I.
Balonov // Final report for the Contract with the US National Cancer
Institute, order Nr. 263-MQ-918148 from 13.09.1999. St. Petersburg —
Vienna, 2000. — 53 p.

20. Ulanovsky A. V. Influence of measurement geometry on the estimate of
131] activity in the thyroid: Monte Carlo simulation of a detector and a phan-
tom / A. V. Ulanovsky, V. F. Minenko, S. V. Korneev // Health Phys. —
1997. — Vol. 72. — P. 34-41.

21. YenypHoii H. W. KomneHcaums BAusHUS FEOMETPUM U3MEPEHMS
aKTUBHOCTM 110[a B LUMTOBUAHOI Xene3e Ha pesynbTar uamepenuii / H. .
YenypHbii1 // Eninemionoris MeauyHmx Hacniakie apapii Ha YopHOOUNLCbKl
AEC : matepianu MiXHapoAHOi HayKOBO-NPaKTUYHOI KoHdepeHuii, 9—10
xoBTHa 2007, Kuis, YkpaiHa. — Kuis, 2007. — C. 22.

22. KaiipaHosckuit . H. KanubpoBka paauMoOMETpOB Al MaccOBOro
KOHTPONSI MIHKOPNOPUPOBAHHBIX HyknuaoB '3'l, 13*Cs n ¥Cs, BbINONHEHHas
¢ nowmolblo fobposonbues / I H. Kaitpaxosckuit, E. H. Honrvpes //
Pagvaums n puck (Btonnetedb HPIP). — 1996. — No7. — C. 76—-86.

Ukraine. Report 2: Risk analysis. Radiat Res. 2006;
166(2):375-86.

10. Tronko MD, Howe GR, Bogdanova Tl, Bouville AC, Epstein OV,
Brill AB, et al. A cohort study of thyroid cancer and other thyroid
diseases after the Chornobyl accident: thyroid cancer in Ukraine
detected during first screening. J Natl Cancer Inst.
2006;98(13):897-903.

11. Likhtarev |, Masiuk S, Chepurny M, Kukush A, Shklyar S,
Bouville A, Kovgan L. Error estimation for direct measurements in
May-June 1986 of *'l radioactivity in thyroid gland of children and
adolescents and their registration in risk analysis. In: Antoniuk A,
Melnik V, editors. Mathematics and Life Sciences. Berlin: Publ.
House De Gruyter; 2012. P. 231-44.

12. Masiuk S, Shklyar S, Kukush A. [The influence of measurement
errors in irradiation doses of thyroid gland to assess radiation risks].
Probl Radiac Med Radiobiol. 2011;(16):25-9. Ukrainian.

13. Masiuk S, Shklyar S, Kukush A. Berkson errors in radiation
dose assessments and their impact on radiation risk estimates.
Probl Radiac Med Radiobiol. 2013;(18):119-26.

14. Kukush A, Shklyar S, Masiuk S, Likhtarov I, Kovgan L, Carroll
RJ, et al. Methods for estimation of radiation risk in epidemiologi-
cal studies accounting for classical and Berkson errors in doses. Int
J Biostat. 2011 Feb 16;7(1):1-32.

15. Masiuk SV, Kukush OG, Shklyar SV, Chepurny MI, Likhtarov IA.
[Regression models with measurement errors and their application
to the radiation risks estimation]. Likhtarov 1A, editor. Kyiv: DIA;
2015. 288 p. Ukrainian.

16. UNSCEAR (United Nations Scientific Committee on the Effects
of Atomic Radiation). Sources and effects of ionizing radiation.
Annex J: exposures and effects of the Chornobyl accident. New
York: United Nations, 2000. 115 p.

17. Zvonova IA, Balonov MI, Bratilova AA, Baleva GE, Gridasova SA,
Mitrokhin MA. et al. [Thyroid absorbed dose estimations for popu-
lation of the Bryansk, Tula, Orel regions according to results of
radiometry in 1986]. Radiation and Risk. 1997;10:95-116. Russian.
18. Pitkevich VA, Khvostunov IK, Shishkanov NK. [Influence of
dynamics of ¥l fallout due to the ChNPP accident on value of
absorbed doses in thyroid for population of Bryansk and Kaluga
regions of Russia]. Radiation and Risk. 1996; 7: 192?215. Russian.
19. Balonov MI. Reconstruction of thyroid dose received by inhab-
itants of areas contaminated by the Chornobyl radioactive fallout.
Final report for the Contract with the US National Cancer Institute,
order Nr. 263-MQ-918148 from 13.09.1999. St. Petersburg,
Vienna; 2000. 53 p.

20. Ulanovsky AV, Minenko VF, Korneev SV. Influence of measure-
ment geometry on the estimate of *'l activity in the thyroid: Monte
Carlo simulation of a detector and a phantom. Health
Phys.1997;72:34-41.

21. Chepurny M. [Accounting for the effect of incorporated cesium
isotopes on the activity measured in thyroid]. In: Epidemiology of
medical consequences of the Chornobyl accident: Proceedings of

(1) 202



ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

23. TonbpaHckuii B. W. Cratuctika OTCYETOB MPW PErUCTPaLMM SAEPHMX
yactuy, / B. W. Tonbpanckmin, A. B. Kyuetko, M. W. Mogropeukuid. — M. :
locypapcTeeHHoe uapatensctso, 1959. — 411 c.

24. Molina E. C. Poisson’s Exponential Binomial Limit / E. C. Molina. — New
York : Krieger Pub Co, 1973. — 56 p.

International Scientific and Practical conference; 2007 Oct 9-11;
Kyiv, Ukraine. Kyiv; 2007. p. 22. Ukrainian.

22. Kaidanovsky GN, Dolgirev El. Calibration of radiometers for
mass control of incorporated 3'l, '**Cs and '*’Cs nuclides with the
help of volunteers. Radiat Prot Dosimetry. 1997;71(3):187-94.

23. Goldansky VI, Kutsenko AV, Podgoretsky MI. [Statistics of
nuclear particle counting]. Moscow: State publishing house; 1959.
411 p. Russian.

24. Molina EC. Poisson’s Exponential Binomial Limit. New York:
Krieger Pub Co; 1973. 56 p.

Cmammas Hadiituina do pedaxuii 27.08.2015

Received: 27.08.2015

203 =&





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


