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IHIVBIAYAJTbHUN PANIOJOITYHUIA MOHITOPUHT IIICJIA
SHAYHUX BUKUIIB PAAIOHYKJIAIB Y HABKOJIUIITHE
CEPEJTOBUIIIE

SlAepHi yCTaHOBKM MOXYTb MiCTUTW BENUKMWIA 06CAT pagioaKTUBHOIO MaTepiany, a Haf3BuYaiiHa cUTyaLis, cnpuymnHe-
Ha aBapi€to, CTUXIAHUM MXOM ab0 310BMUCHOIO i€I0, MOXE NPU3BECTU 10 HEKOHTPOJIbOBAHUX BUKUAIB PaioHYKNiaiB
V HaBKOJIMLWIHE cepepoBulLe. Y CTaTTi MiCTUTLCA KOPOTKUI OrNap, iHAMBIAYaNbHOrO PafioNnoriyHoro MOHITOPUHTY Yy BU-
nafikax 3HaYHWX BUKWAIB PafioHYKNiAiB y HABKONMWHE CEpPeoBMLLE Ta NpeacTasieHa HoBa fonosigb 92 MixHapoa-
HOT KoMicii 3 pagiauiiHux oguHuLp i BumMiptoBaHb (MKPQ) 3 nuTaHb papialiiHOro MOHITOPUHTY AN1A 3aXMCTY HaceneH-
HA Nicns 3HaYHMX BUKMOIB pafioHYKNiniB y HAaBKOAUILHE cepepoBuile. [lonosias 92 6yna nigrotoeneHa 3 ypaxyBaH-
HAM pe3ynbTaTiB HIP «Po3pobka nporpamu pagiallinHo-ririeHiYHOro MOHITOPMHIY ANS PafioNoriyHoro 3axmcTy Noau-
HU NpPM paaialiiHWUX aBapisfx Ta aKTax AAepHOro TEPOPU3MY, WO BUKOHYBAnachk y nabopatopii fo3nmeTpii BHYTPilHb-
oro onpomiHeHHs HHUPM HAMH Ykpaiuu y 2016-2018 pp. KomiteT 3 nigrotoBku [lonosiai ouyontoBas HayKoBWii
kepiBHuk Uiei HOP, no cknagy Komitety Bxogunu npoBigHi ekcneptu 3 Benukobputanii, Itanii, Kutawo, Himeuyuunnu,
Pocii, CnoseHii, CLUA, Ykpainu, AnoHii Ta MiXkHapoaHOro areHTCTBA 3 aTOMHOT eHeprii. ligrotoska Jonosigi 92 nigTpu-
MaHa AreHTCTBOM i3 3axMCTy HaBKonuwHboro cepegoBuwa CLUA, Komicieto 3 sgepHoro perynioBarHs CLUA, MiHicTep-
ctBom eHepreTuku CLUA, HAMH Ykpainu Ta HaykoBo-gocnigHum iHCTUTyTOM pagiauinHoro 3axucty ATH YkpaiHu.
Knio4oBi cnoBa: pagionoriyHuit MoHiTOpuHr, sgepHi abo papionoriyHi Hap3BuyaiHi cuTyauii, papgiauiitHe on-
POMiHEHHS, NPOTrPaMU MOHITOPUHTY, IHAUBIAYANbHUA MOHITOPHUHT.
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INDIVIDUAL RADIOLOGICAL MONITORING AFTER MAJOR
RELEASES OF RADIONUCLIDES TO THE ENVIRONMENT

Nuclear installations may contain a large inventory of radioactive material and an emergency caused by an accident,
natural disaster, or malevolent act may cause uncontrolled releases of radionuclides to the environment. The paper
presents a brief overview of individual radiological monitoring in case of major releases of radionuclides to the envi-
ronment and introduces the new Report 92 of the International Commission on Radiation Units and Measurements
(ICRU) on Radiation Monitoring for Protection of the Public after Major Releases of Radionuclides to the
Environment. The Report was prepared taking into account the results of the research «Development of the program
for radiation and hygienic monitoring for the radiological protection of human under radiation accidents and acts
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of nuclear terrorism» which was carried out in the internal dosimetry laboratory of the NRCRM of NAMS of Ukraine
in 2016-2018. The Report Committee was headed by the scientific supervisor of the research, the Committee con-
sisted of leading experts from UK, Italy, China, Germany, Russia, Slovenia, United States, Ukraine, Japan, and experts
from the International Atomic Energy Agency. The preparation of the Report was supported by the US Environmental
Protection Agency, US Nuclear Regulatory Commission, US Department of Energy, National Academy of Medical
Sciences of Ukraine, and Radiation Protection Institute of the ATS of Ukraine.
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BCTYII

Haiiznaunimi gaepHi aBapii Tpanuauchk Ha YopHo-
ownbebkiit AEC (konmumniit CPCP, 1986 p.) Ta Ha AEC
Oykycima Haitiui (Amonis, 2011 p.). fAnmepHi um
pamionoriyHi HaA3BUYaAHI CUTYaLlili MOXYTb TaKOX BU-
HUKaATU Ha iHIIMX TUIaX 00’€KTiB a00 3 MPUCTPOSMH,
110 MICTSITh 3HAUHi OOCSTU palioaKTUBHOTO MaTepialy.
Taki noaii MOXyTh MPU3BOAUTHU 10 BEJIMKOMACIITAOHO-
ro 3a0pyIHEHHS HAaBKOJIUIITHBOTO CepeAOBUIIIA Ta BUMa-
raTh 3axMCHUX 3aXOMiB i palioJIOTiYHOTO MOHITOPUHTY
HaceJiIeHHs Ta aBapiiiHoro mepcoHanty. Ilpukinagom Ta-
KMX TIOfii € aBapis y M. TosIHiSI 3 MEAUYHUM JIKEPEIOM
(bpasumisa, 1987 p.) Ta aBapii 3 simepHOIO 30pO€IO 0L
cemuma ITanomapec (Icmanist, 1966 p.) i Tyne (Janis,
1968 p.).

AnepHi abo pagioforiyHi Haa3BUYaAHI cUTyallii Tpam-
JISIFOThCS 3pifKa, aje y BUMaJKy BUXOIY PadioaKTUBHOTO
MaTepiaay B HABKOJMIIHE CepeJOBUILE HEOOXiIHi IIIBUI-
Ki 3axooy IS 3aroOiraHHs Ta IOM’ SIKIIIEHHS 1Oro Ha-
CJIIAKIB IJIS1 3M0pOB’s HacelleHHsI. OnepaTopu sIAepHUX
YCTAaHOBOK, IIpM3HA4YeHi YypsJOBi opraHiszalii Ta cre-
1iaji30BaHi MeIUYHi yCTAaHOBY TTOBUHHI MaTU aleKBaTHi
MOXJIMBOCTI TSI PaliojIOriYHOTO MOHITOPUHTY, TOTOBI
IO BUKOPUCTAHHS Y HAA3BUYAHMX cuTyawisix. OCHOBHA
MeTa pajioJIOTiYHOr0 MOHITOPUHIY Yy BUMNAAKy HaA3BU-
YyaiiHOI CUTYyallii IOJIIra€ B TOMY, 11100 3aXUCTUTU XKUTTSI
Ta 3I0POB’SI MOTEHLIITHO MOCTpaXIaInX 0ci0, a TAKOX Y
IIBUAKOMY i TOUHOMY 30MpaHHi HaHuX s iHhopmy-
BaHHsI 0Ci0, sIKi MOBMHHI HEeraitHO MpUiAMaTu PillleHHS
PO 3aCTOCYBaHHSI 3aXMCHUX 3aXO/IiB.

Y 2016—2018 pp. B nabopaTtopii m03uMeTpii BHYT-
pituHboro omnpomiHeHHs HHIIPM HAMH VYkpainu
BUKOHYBajlach H/IP 3a Temo10, 1110 CTOCYETHCS pajio-
JIOTIYHOTO MOHITOPUHIY Y BUNAAKy HaA3BUYalHUX CHU-
Tyaliii, a caMe — «Po3pobka mporpamu pamialiiiHoO-
TiriEHiYHOTO MOHITOPMHTY IJISI PAdiOJIOTIYHOIO 3aXMUC-
Ty JIOAWHU NPU pajiallifHUX aBapisiX Ta aKTax SIAepHO-
ro tepopusmy». Pesynwratu uiei HJIP O6yno Bukopuc-
TaHO mnpu migroroBui Jdomosigmi 92 MixHapoaHoi
KoMicil 3 pagialiiHMX OAMHULIbL i BUMIipIOBaHb
(MKPO) 3 utanb pagialiiHOro MOHITOPUHTY IJIST 3a-

INTRODUCTION

Major nuclear accidents occurred at the
Chornobyl NPP (former USSR, 1986), and at the
Fukushima Daiichi NPP (Japan, 2011). Nuclear
or radiological emergencies may also occur at
other types of installations or with devices con-
taining significant amounts of radioactive materi-
al. Such events may result in large-scale environ-
mental contamination and necessitate protective
actions and radiological monitoring of the mem-
bers of the public and emergency workers. The
Goiania accident with a medical source (Brazil,
1987) and accidents with nuclear weapons in
Palomares (Spain, 1966) and Thule (Denmark,
1968) are examples of such events.

Nuclear or radiological emergencies are rare,
but when a release of the radioactive material to
the environment occurs, protective actions need
to be implemented promptly to mitigate the
impact on public health. The operators of nuclear
installations, the designated governmental organ-
izations and specialized medical institutions,
should have adequate radiological monitoring
capabilities ready to use if an emergency occurs.
The primary goal of radiological monitoring in
case of an emergency is to protect lives and health
of potentially affected persons and to collect data
quickly and accurately to inform decision makers
who must decide on protective actions immedi-
ately.

In 2016—2018 years in the internal dosimetry lab-
oratory of the NRCRM of NAMS of Ukraine, it was
performed the research on the topic of radiological
monitoring in case of emergencies, namely,
«Development of the program for radiation and
hygienic monitoring for the radiological protection
of human under radiation accidents and acts of
nuclear terrorism». The results of this research were
used during the preparation of the International
Commission on Radiation Units and Measurements
(ICRU) Report 92 on Radiation Monitoring for
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REVIEWS

XUCTY HAaceJIeHHs TIIicjsi 3HAaYHMX BUKMIIB pamio-
HYKJIiliB y HaBKoJMIIHE cepegoBuile [1]. Yuactb y
niarotoBui Jlonosini € BaXJIMBUM BHECKOM YKpaiHU
(HHIOPM HAMH VYkpainu ta HaykoBo-mociigHOro
iHCTUTYTY pamiauiiiHoro 3axucty ATH Ykpainn) y mi-
snbHicTh MKPO.

Homosiny 92 MKPO mnomae mokjaagHy HpaKTUYHY
iH¢opMallilo PO PagioJOriUHUI MOHITOPUHT IJIS 3a-
XMCTY HAcCeJeHHS i HaBKOJMIIHBOIO CEePeIOBMIIA Bif
LIKiIIXMBOTO BIUIMBY iOHi3yIOUOIO0 BUITPOMiHIOBAHHS
micisl 3HaYHUX BUKU[IB PaJioaKTUBHOTO MaTtepiajiB 10
HaBKOJMIIHBOTO cepenoBUIlla. Y 3BiTi pO3MIsiIacThCs
po3poOKa Ta eKcIulyaTallisi Mmporpam i CUCTEeM pajio-
JIOTIYHOTO MOHITOPUHTIY 3a MexXaMu 00’ekTa. Marepian
JoroBiai 6a3yeTbcsl HA AOCBiAi, OTPUMAHOMY B pe3yJib-
TaTi pearyBaHHs Ha MoMepeHi apapii 3 panioaKTUBHUMU
BUKWAAMHU a00 MOTEHUiMHUMU pagioaKTUBHUMU BUKHU-
JaMU, TIOETHAHOMY 3 aHAJIi30M Pi3HUX CTpaTeTiil Ta Ipo-
Heayp, sIKi BAKOPUCTOBYIOTHCSI KpalHAMU B YChOMY CBiTi.
Homnogins 92 MKPO MicTuTh Taki po3niiu:
> [naBa 1. Berym.
> [J1aBa 2. 3Ha4yHi palioaKTUBHI BUKUAW Y HABKOJIUILIHE
cepenoBUIIIE.
> [naBa 3. [Iporpamu MOHITOPUHTY.
> [1aBa 4. CucteMu Ta METOIW MOHITOPUHTY.
> [naBa 5. BenunHM, 1110 BUKOPUCTOBYIOTHCS Y pajia-
LilfHOMY 3aXUCTi.

VY nomatkax HagarOThCsl JOJATKOBI IMOB’SI3aHi JeTali Ta
0OroBOPIOIOTHCS KOHKPETHI PaliosoriyHi Haa3BUYaiiHi
curyailii. OBroBopeHHsI 30cepeaKeHO Ha Haa3BUYalHMX
Ta iICHYIOUMX CUTYaLlisIX OIIPOMiHEHHSI, CIPUYMHEHUX aBa-
pisIMU HAa aTOMHMX €1eKTPOCTAHLIisIX, ajie 1151 JIonoBinbk Mo-
K€ TaKOX OyTM KOPUCHOIO Y BUTIAAKY IHIINX SAEPHUX a00
pamioNoriyHUX HaA3BUMYaHUX cutyaliil. 1linboBUMM KO-
puctyBauyamu Jlomnosifi € ocodu Ta opraHizailii, BiinoBi-
JaJbHi 3a TUTaHYBaHHS, MPOEKTYBAHHS i (DyHKIIOHYBaHHS
PalioyIOriYHOTO MOHITOPUHTY 3a MEXXaMM 00’ €KTa Ha Jep-
>KaBHOMY, PerioHaIbHOMY Ta MiCLIEBOMY piBHsIX. JIOMOBiNb
TaKOXK MOXe OYTH KOPMCHOIO AepKaBHUM OpraHaM BJIaav
Ta OpraHizalisM, SIKi PeryiioloTh Ta BIPOBAIKYIOTh TO-
TOBHICTb 10 HaJ[3BUYAfHUX CUTYAIlili i pearyBaHHs Ha HUX,
a TaKOX [IJIST BiTHOBIICHHSI HABKOJIMIITHBOTO CEPeIOBUIIIA
TEPUTOPIN, TTOCTpakAANIMX BiJ, HAA3BUUYAIHOI CUTYaLlii.

PAJIIOJIOTTYHU MOHITOPUHT Y
HAI3BUYAVMTHNX CUTYALISIX OITPOMIHEHHS
MixHapogHa KoMicis 3 paiosioriyHOro 3axucry [2] Ta
MixnaponHe areHTcTBO 3 aToMHOI eHeprii (MATATE) [3]
BU3HAYAIOTh HAA3BUYAHY CUTYALlil0 OITPOMiHEHHS SIK CHU-
Tyallilo, siIKa BUHMKA€E BHAC/IIOK aBapii, 3JI0BMUCHOIO aK-
Ty abo Oyab-sIKOI iHILIOI HECIOAiBaHOI TOAil Ta BMMAarae

Protection of the Public after Major Releases of
Radionuclides to the Environment [1]. Participation
in the preparation of this Report is an important
contribution of Ukraine (by the NRCRM of NAMS
of Ukraine and Radiation Protection Institute of the
ATS of Ukraine) to the ICRU activities.

The ICRU Report 92 provides detailed practical
information on radiological monitoring for the
protection of the people and the environment
from harmful effects of ionizing radiation after
major releases of radioactive material to the envi-
ronment. The Report deals with the design and
operation of off-site radiological monitoring pro-
grammes and systems. The material of the Report
is based on the experience gained from responding
to prior accidents that involved radioactive releas-
es or potential radioactive releases combined with
analyses of various policies and procedures used by
countries worldwide. The ICRU Report 92
includes the following chapters:
> Chapter 1. Introduction;
> Chapter 2. Major Radioactive Releases to the
Environment;
> Chapter 3. Monitoring Programs;
> Chapter 4. Monitoring Systems and Methods;
> Chapter 5. Quantities used in Radiation
Protection.

Appendices provide additional related details
and discuss specific radiological emergencies.
The discussion is focused on emergency and
existing exposure situations caused by accidents
at nuclear power plants, but the Report may
also be handy in case of other nuclear or radio-
logical emergencies. Target users of the Report
are individuals and organizations responsible
for the planning, design and operation of off-
site radiological monitoring at national, regio-
nal and local levels. The Report can also be use-
ful for national authorities and organizations
regulating and implementing the emergency
preparedness and response and the environ-
mental remediation of areas affected by an
emergency.

RADIOLOGICAL MONITORING IN AN

EMERGENCY EXPOSURE SITUATION

The International Commission on Radiological
Protection [2] and International Atomic Energy
Agency (IAEA) [3] define an emergency exposure
situation as a situation that arises from an acci-
dent, a malicious act, or any other unexpected
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OIEPATUBHOIO pearyBaHHS MJIs1 3armobiraHHs abo 3MeH-
1IeHHsI HeraTUBHUX HaciakiB. TlonepemkyBaibHi 3aX0au
MaloTh OYyTU HaJIeXKHUM YMHOM PO3MJISIHYTI 10 HACTaHHS
Han3BMUaiiHoi cutyarii. ITicia BUHUKHEHHST Haa3BUYaii-
HOI CUTYyallii OTIPOMiHEHHS JIIOAVMHU MOXXe OYTU 3MEHIIICHE
JIAIIIE TUISIXOM HETAaHOTO 3alpOBAKEHHS 3aXUCHUX 3a-
XO/IiB Ta iHIIIMX 3aX0/IiB pearyBaHHs. PillieHHs 111010 KOHK-
PETHUX 3aXUCHUX Aiil MOBUHHI IPYHTYBATUCS Ha IJIaHi il
Y BUITQJIKY HaJ3BMYaliHUX CUTYallill, iH(popMallii 11po aBa-
piliHe mKepeso Ta JaHi paaiosoriyHOro MoHiTopuHry. Pa-
JII0JIOTTYHUIA MOHITOPUHT € BaXKJIMBOIO YACTUHOK CUCTEMU
yIpaB/IiHHS HaA3BUYaiHUMU CUTYallisSIMM, i IOro 3HaYeH-
H$I 3pOCTa€E 3 PO3BUTKOM Haa3BUYaiHOI cuTyallii [1].

JAHI JJIS1 PAIIOJIOTTYHUX OIIIHOK

OuiHka 30BHIIIHBOTO OIPOMiHEHHS, SIK IIPaBUIIO,
BKJIIOYAE OLIIHKY OTTPOMiHEHHS BiJl XMapy BUKMIY Ta OII-
POMiHEHHS BiA BUMNaAiHb HA IPYHTI. Y Haa3BUYalHil
cuTyallil onpoOMiHEHHSI A03a 30BHIiLLIHLOI'O OMPOMiHEH-
HSI Bill pagioHYKJIiAiB y XMapi BUKKUIY MOXKe OYTH OlLliHe-
Ha 3a BHUMIipIOBaHHSIMMW MOTYXHOCTI O03M abo 3a
BUMIipIOBaHHSIMU KOHLEHTpalilli pamioHYKIiIiB Yy
noBiTpi. KoJin e MOXJIMBO, BaXXJIMBO BigiOpaTu 3pa3Ku
i BUMIipSITU pagialliiHO 3HAYYILi pamgiOHYKIinu, Tpeac-
TaBJICHI Y XMapi BUKUIY.

B yMoBax Han3BMYaiiHOI cuTyallii OMPOMiHEHHsS H03a
30BHILIHBOTO OMNPOMiIHEHHSI Bill PagiOHYKIiAiB y BU-
MaaiHHSIX HAa [PYHT MOXe OyTH BU3HAUYeHa 3a pe3y/ikTaTaMu
BUMIpIOBaHb MTOTY>KHOCTI I03W OIPOMiHEHHSI, 3pO0JIEHUX
MiCJIsI TPOXOIKEHHSI XMapy BUKU Y. BoHa TakoX Moxe Oy-
TU OTpMMaHa 3 KOHLEHTpaLili aKTUBHOCTi, BUMIpSIHUX Y
3pa3Kax HaBKOJIMIITHBOTO cepeaoBuila. 1031 30BHIIITHBO-
TO OMPOMIHEHHS Bil BUMIAliHb PaIiOaKTUBHOTO MaTepiay,
SIK MIPABUJIO, PO3PAXOBYIOThCS IS OOMEKEHOTO YaCOBOIO
TMPOMIXKKY (Bif JEKiIBKOX TOOWH IO JIEKiIbKOX JHIB), IO
BIIIOBigA€e 3arpoOBaIKEHHIO HEBIIKIaIHUX 3aXMCHUX 3a-
XOMiB, TaKUX SIK YKPUTTS abo eBakyalis. Edekr expaHy-
BaHHS1 OyHiBeIbHUMU KOHCTPYKIIISIMU MOX€E BpaXxOBYBaTHU-
s 32 HASBHOCTI TAKMX JAHWX Ta €(DEKTUBHOCTI YKPUTTSI.

ITouaTkoBi po3paxyHKM [103 BHYTPILIHBOI'O OII-
POMiHEHHS TTOBUHHI B MEPIIy Yepry OyTH CIIpSIMOBaHi Ha
IHTTSILIAHWNA 1UTSIX ONTPOMiHEHHS, OCKUIBKU Lel HIJIsIX
€ BaXXJIMBUM JIJIS1 peatidallii HeBiAKJIaJHUX 3aXMCHUX 3a-
XOJIiB, TAKUX SIK YKPUTTSI, €BaKyallisl Ta ifogHa npodijak-
TKa. Jlo3a BHYTPIIIHBOTO OMPOMIHEHHS 3a PaxyHOK
IHraJSIiMHOTO IIIIXy HaAXOMIKEHHS pPadioOHYKJIiIiB,
MNPUCYTHIX y XMapi BUKUIY, MOXe OyTM OTpUMaHa 3
BUMIpIOBaHb KOHLEHTpALliif aKTUBHOCTI PadiOHYKIIiIiB y
noBiTpi abo 3 pe3yabTaTiB MOJETIOBAaHHSI HAa OCHOBI
MOHITOPMHTIY Jkepeia. Ha olliHKy 103U BHYTPillIHOTO
OMNPOMIHEHHS 3a PaXyHOK iHTaJsSIUiAHOro WUISAXY Hami-

event, and requires prompt action to avoid or
reduce adverse consequences. Preventive measures
have to be considered well before an emergency.
Once an emergency occurs, human exposure can
be reduced only by promptly implementing pro-
tective actions and other response actions.
Decisions on specific protective actions should be
based on the emergency plan, information about
the emergency source, and data of radiological
monitoring. Radiological monitoring is an impor-
tant part of the emergency management system,
and its importance increases as the emergency
progresses [1].

DATA FOR RADIOLOGICAL ASSESSMENTS
The assessment of external exposure will generally
include assessments of exposure from the plume
and from deposits on the ground. The external
exposure in the emergency exposure situation
from radionuclides present in the plume can be
derived from dose rate measurements or from
measurements of the concentrations of airborne
radionuclides. When possible, it is important to
sample and measure the radiologically significant
radionuclides present in the plume.

External exposure in the emergency exposure
situation from radionuclides deposited on the
ground can be derived from dose rate measure-
ments made after the plume passage. It can also be
derived from activity concentrations measured in
environmental samples. External doses from the
deposition of radioactive material are generally
calculated for a limited time period (from few
hours to few days) that is consistent with the
implementation of urgent protective actions, such
as sheltering or evacuation. The effect of shielding
by building structures may be taken into account
provided that data are available and that sheltering
has been effective.

The initial calculations of doses from internal
exposure should be primarily directed to
inhalation because this pathway is important
for the implementation of urgent protective
actions, such as sheltering, evacuation, and
prophylaxis with stable iodine. The internal
dose from inhalation of radionuclides present
in the plume can be derived from measure-
ments of radionuclide activity concentrations
in air, or from model results based on source
monitoring. Both radionuclide composition
and physical and chemical forms of air-borne
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XODKEHHS 3HAYHO BIUIMBAIOTh PAMiOHYKIIIIHUIA CKJIad Ta
(¢izrKo-XiMiuHi (hopMU PadiOHYKIIiIiB Y TTOBITPi.

HanxomkeHHs paioaKTMBHOIO MaTepiaiy 3 XapuOBU-
MU IIPOAYKTaMU Ta MUTHOIO BOAOIO TAKOX MOXKE pOOUTH
3HAYHWUI BHECOK JO 03W OINPOMiHEHHS HAaCeJIeHHS Y
HaJA3BMYalHIi cUTyallii OMPOMiHEHHSI, OCOOJIMBO IS
LIUTOIOAIOHOT 3a7103U. Y pa3i BAHUKHEHHSI HaJ3BUYaii-
HOI CUTyallii Ha aTOMHI eJIeKTPOCTaHIIil, OL[iIHKY J03M1
LIMTONOAIOHOI 3a7103M HA OCHOBI MOHITOPUHIY Xapyo-
BUX NPOAYKTIB Ta MATHOI BOAM CJIil AOMMOBHUTHU BUMipa-
M 'l y murortomiOHiit 3amo03i moguuau. [1pu onini no-
31 ONMPOMiHEHHS LIUTOIONiOHOI 3271031 OCOOIMBY YBary
CJIil MPUAIISATY OiTAM Ta MiJTiTKaM, sIK HaiOiJIbII ypas-
JINBUM TpymaM HaceJICHHS.

CBoe€yacHe i e(peKTUBHE 3aCTOCYBAaHHS HAJIEXKHMX 3a-
XMCHUX 3aXO[liB, TaKUX SIK YKPUTTS, eBaKyallisl, oaHa
npodilakThKa Ta OOMEXEHHS CITIOXKWBaHHS 3a0pyaHe-
HUX Xap4OBUX IIPOAYKTiB, MOXYTb iCTOTHO 3HU3UTH CY-
MapHe OIIPOMIHEHHSI i 3MiHUTU BiIHOCHY pOJib paaio-
HYKJidiB.

Hanpuxinan, HaagxoaKeHHsT paaioHYKJIiaiB iloay, 0cob-
nuBo 'l, € OCHOBHUM JIXKEPEIOM 103 OIIPOMIHEHHSI LU~
TOMOJiI0OHOI 321031, 1110 (DOPMYIOThCS TIPOTATOM AEKilb-
KOX TMXKHIB Imicaa aBapii. HamxomkeHHST pamioiioniB
niciist YopHOOMIBbCHKOI KaTacTpohU MPU3BEIO A0 MOHA/,
6 THCSY pakiB IIUTONOAIOHOT 3a1031 cepel 0ci0, sIKi Oy-
JIM JiThMM UM OiJIiTKaMU mif 4yac aBapii. st >kuresiiB
micta [1pum’saTh, po3ramoBaHoro y 2 KM BiJ 3pyitHOBa-
Horo YopHOOMIBCHKOTO peakTopa, OliHKa MOTIMHYTOL
03U B LIUTOMOMAIOHI 3a103i KonuBaeThes Bim 0,07 Ip
1151 mopociux 10 2 Ip miist HEMOBIISIT, IPUYOMY CEPeIHb-
O3BakeHa 3a MONYJISILIEID 1032 OMPOMIHEHHS ILIUTO-
noaioHoi 3an03u oliHweThea y 0,17 Ip [4].

INIPOI'PAMU MOHITOPUHI'Y

IIporpama MOHITOPUHTY BM3HA4ya€ cepeloBMINA Ta iX
pamioIoTiuHi XapaKTepUCTUKH, IO IiUISTaloTh BUMipIO-
BaHHIO, PadiOHYKIiAW, IO IMiIJsSIraloTb BU3HAYEHHIO,
MpPOCTOPOBE PO3TAlllyBaHHS i 4aCTOTY BigOopy npob abo
BUMIipIOBaHb Ta CUCTEMHU MOHITOPUHTY, SIKi OyIyTh BUKO-
puctoByBaTucs. Po3pobka Ta (yHKIiOHYBaHHS
paaioaoriyHOr0 MOHITOPMHIY Ha HalliOHAJIbHOMY PiBHi
Ta Ha piBHiI 00’€KTiB MMOBMHHI 0a3yBaTHCS Ha OIliHKaX
nporHo3zoBaHoi Hebe3neku. Ctanmaptu 6e3neku MATA-
TE [5] BcTaHOBIIOIOTH BUYEPITHUI HaOip BUMOT, 1110 CTO-
CYIOTBbCSI TOTOBHOCTI Ta pearyBaHHS Ha SaepHY abo
panionoriyHy Haa3BUUaiiHy cutyaliro. OuiHka Hebe3Ie-
KM XapaKTepU3y€e pagioaoriyHi pu3uKU B TepMiHaX BeIM-
YUHU, UMOBIPHOCTi, YaCOBOTO Ta MPOCTOPOBOIO 111010~
Hy (opMyBaHHS MOTEHLIiIITHOTO OMPOMiHEHHST HACEIEH-
Ha. OuiHka HeOe3leKd IIOBUHHA IIPOBOAUTHUCH Ha

radionuclides strongly influence the assessed
inhalation dose.

Intake of radioactive material with food and
drinking water can also considerably con-
tribute to the public exposure in the emergency
exposure situation, especially to thyroid. In
case of an emergency at the nuclear power
plant the thyroid dose assessment based on
food and drinking water monitoring should be
complemented with the measurements of "'l
in human thyroids. For thyroid dose assess-
ment, special attention should be paid to chil-
dren and adolescents, the most vulnerable
population group.

The timely and effective application of an ade-
quate set of protective actions, such as sheltering,
evacuation, administration of stable iodine, and
restrictions on contaminated food consumption
can substantially decrease the total exposure and
modify the relative role of radionuclides.

For example, the intake of radioactive isotopes
of iodine, especially "', is the main cause of thy-
roid doses formed within a few weeks after an
emergency. After the Chornobyl accident, the
intake of radioiodines led to more than 6,000 thy-
roid cancers among people who were children or
adolescents at the time of the accident. For the
residents of Pripyat, a town located 2 km from the
destroyed Chornobyl reactor, the estimated
absorbed dose to thyroid ranged from 0.07 Gy for
adults to 2 Gy for infants, with the population-
weighted average thyroid dose estimated to be 0.17
Gy [4].

MONITORING PROGRAMMES

A monitoring programme specifies the media and
their radiological characteristics to be measured,
radionuclides to be quantified, spatial locations and
frequencies of sampling or measurements, and
monitoring systems to be used. The design and oper-
ation of radiological monitoring at the national and
facility levels should be based on the outcomes of a
prospective hazard assessment. The IAEA Safety
Standards [5] establish a comprehensive set of
requirements related to preparedness and response
for a nuclear or radiological emergency. The hazard
assessment characterizes the radiological risks in
terms of the magnitude, probability, temporal, and
spatial patterns of the potential exposures to mem-
bers of the public. The hazard assessment should be
conducted in the early stages of planning for a new
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paHHIX CTafisX IUIaHYBaHHSI HOBOTO OO’€KTa, y peary-
BaHHI Ha Jii cycimHix KpaiH abo 1JIsi OHOBJICHHS MOIle-
peIHbOI OLIHKK HeOe3MeKM, 10 BiToOpaxye 3MiHU Y
3HAHHAX, MPUPOCTI Ta MEpPeMillleHHi HaceJeHHS TOIIO.
OO0csaru i MacmTabM HalliOHAJIbHMX, PEriOHAJIBHUX Ta
00’€KTOBUX 3aXO[IiB aBapiiHOr0 MOHITOPMHIY MOBUHHI
OyTU CITIBCTABHUMM 3 TTIOTEHLIITHOIO BEJIMUYMHOIO i TUTIOM
HeOe3MeK!, OB’ I3aHUMMU 3 00’ €KTOM abo0 MiSUILHICTIO.

ITicns oliHKHM, sSIKa BUZHAYMJIa TIOTPEOX Y MOHITOPUH-
Iy, Iepel ToYaTKOM BBEIEHHSI B €KCILIyaTallilo 00’ KTy
NoBUMHHaA OyTu po3pobOjeHa 3arajibHa cTpaTeris
pangiojsoriyHoro MoHiTopuHry. Crpateris mMae OyTu
CIpsIMOBaHa Ha KOHKPETHI I11iJli MOHITOPUHTY i BU3HAYa-
TU POJii Ta BiamosigaibHicTh. CJliJi TAKOX BpaXxoBYBaTU
noTpedu B padiosoriYyHUX eKchepTax 3 MUTaHb OLIIHKU
103U, 0co0ax, 110 MPUAMAIOTh PillIeHHS, peCIIOHIeHTaX
y yaci Ta reorpaiyHoMy po3TallyBaHHi, a TAKOX 3aJIeXK-
HO BiJ TUMY pillleHb PO 3aXUCHI Ail Ta [ii 3 pearyBaHHI,
SIKi MOXYTbh OYTU HEOOXiTHUMU.

baraTo kpaiH Bxe 3anpoBaaIuIu IIPOTpaMHU i CUCTEMU
paniosorivuHoro MoHitopuHry. Lli mporpamu Ta cucre-
MU CYTTEBO BiApPi3HSIOTHCS y IPOEKTYBaHHi, oOJaa-
HaHHIi Ta OTpPMMYBaHUX AaHUX. MixXHapOJHi CTaHIAPTU
Oe3reku [6] BM3HAYalOTh BUMOTHM A0 PadiosOTiYHOIO
MOHITOPUHTY i HaJalTh BKa3iBKM 110J0 3aCTOCYBAHHS
ux Bumor [7, 8].

Oco0aMBICTIO IPOrpaM MOHITOPUHTY B HaI3BUYAHUX
CUTYallisIX OIMPOMiHEHHS € IIMPOKE OXOIJICHHS He JIUIIIe
€KOJIOTIYHUX CEepPedOBUIL i MOXJIMBUX IIJISIXiB OIl-
POMiHEHHSI, ajie TAKOXK IMOTEHLiIAHO OMPOMiHEHOI0 Hace-
JIEHHSI LWJISIXOM PO3rOpTaHHSI Mporpam Tpiaxy Ta iHAu-
BiIyaJIJbHOTO MOHITOPUHTY. Y BUMAIKy BUHUKHEHHS Ha3-
BUYAHOI CUTYallil Ha aTOMHIl €JIEKTPOCTaHLIii, iHAWBITY-
aJIbHI IPOrpaMK MOHITOPMHTY ITOBUHHI 30CePeIKyBaTUCST
Ha 30BHILIHbOMY 3a0pyaHEHHI HaceJIeHHsI, BMICTi paio-
aKTHMBHOTIO HMOAY B IIIMTOIOAIOHI 3aJ103i Ta BMiCcTi raMMa-
BUITPOMIHIOIOUMX PATiOHYKJIIIB Y BCbOMY TiJi.

Ha pucyHky 1 mokazaHoO 3arajibHy MOCJiIOBHICTb Yy
yaci Ta B3aEMO3B 30K Pi3HUX €JIEMEHTIB HaIliOHAJTbHUX,
perioHaJbHUX i 00’€KTOBUX IMpPOrpaM MOHITOPUHTY
(IM).

[Ticns aBapii Ha DyKycimi 3’IBUIIMCS iHIIIIaTUBY Bil Ha-
CeJIEHHSsI, JOCIiIHULIBKOI CIUJIbHOTU 1 HEypSIIOBUX Op-
raHizalliii oo MpOBEAEHHS BUMipIOBaHb PamdioaKTUB-
HOCTi Y HaBKOJIMIITHBOMY CEPEIOBHUII 3a TOMOMOTOI0
pi3HUX METO/IB Ta 0OJagHaHHS. BilbIIiCTh 3yCUIb rpo-
MaJChKOCTi OyJau CIpSIMOBaHI Ha MOHITOPUHI TOTYX-
HOCTi 03U 30BHIIIIHHOTO OMPOMiHEHHST 3 BUKOPUCTAH-
HSIM HEJIOPOTruX, KOMEpPUiiftHO AOCTYIHUX abo camMopod-
HUX TO3MMETPiIB MOTYXKHOCTI A03U. JlesiKi 3 X MPUCT-
POIB MOIIMPIOIOTH JaHi TTPO TTOTYKHICTb TO3M i TTOB’sI3aHi

facility, in response to a neighboring countries’
activities, or to update an earlier hazard assessment
to reflect changes in knowledge, population growth
and movement, etc. The scope and extent of the
national, regional, and site-specific emergency
monitoring arrangements should be commensurate
with the potential magnitude and type of hazard
associated with the facility or activity.

After an assessment has identified monitoring
needs, an overall strategy of radiological monito-
ring should be developed before commissioning of
the facility. The strategy should address the specif-
ic objectives of monitoring and assign roles and
responsibilities. It should also consider the needs
of radiological dose assessment experts, decision
makers, and responders over time and geographi-
cal location and as a function of the type of deci-
sions on protective actions and response actions
that might be necessary.

Many countries have already established radiologi-
cal monitoring programmes and systems. These pro-
grammes and systems vary significantly in design,
equipment, and data produced. The International
Safety Standards [6] stipulate top-level requirements
on radiological monitoring and provide guidance on
the application of these requirements [7, §].

A feature of monitoring programmes in emergency
exposure situations is their broad coverage of not only
environmental media and possible pathways of expo-
sure, but also of the potentially exposed members of
the public via deployment of triage and individual
monitoring programmes. In case of an emergency at
a nuclear power plant, the individual monitoring
programmes should be focused on the external con-
tamination of members of the public, content of
radioiodine in the thyroid gland, and content of
gamma-emitting radionuclides in the whole body.

Figure 1 illustrates the general time sequence
and relationship of various elements of natio-
nal/regional monitoring programs and facility-
related monitoring programs.

After the Fukushima accident, initiatives emerged
from members of the public, the research commu-
nity, and non-governmental organizations to carry
out measurements of the radioactivity in the envi-
ronment with various methods and equipment. The
majority of public efforts were focused on monitor-
ing the external dose rate with inexpensive commer-
cially available or self-made dose rate monitors.
Some of these devices shared the dose rate data and
associated geographical coordinates through col-
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Hap3Bu4yanHa cutyauif onpomMiHEeHHSA
Emergency Exposure Situation

MnaHoBa cuTyawlis oNPOMiHEHHS
Planned Exposure Situation

IcHylo4a cuTyauis onpomMiHeHHs
Existing Exposure Situation

NMPOrPAMU MOHITOPUHIY ONEPATOPA HA OB’EKTI
FACILITY-RELATED MONITORING PROGRAMS OF THE OPERATOR

© HopmanbHuif pexxum
® CurHan He6e3neku

Nporpamu aBapiitHoro
MOHITOPUHTY

NicnaaBapiitHi nporpamm

Mepea-ekcnnyarauinHi MOHITOPUHTY

BOCHifKEeHHA

® Routine
e Alarm

Emergency monitoring
prograns

Post-emergency monitoring

Pre-operational studies prograns

NepepekcnnyarauinHi
AOCNifKeHHs ana
HalioHanbHoro/perioHanbHoro
MOHITOpPUHTY

HauioHanbHi/perioHanbhi MM:
* MotouHa MM

 [IM paHHbOro nonepeayKeHHA
National/regional MP

Pre-operational studies
for national/regional
monitoring

® Routine MP
o Early warning MP

HALIOHAJIbHI / PEFIOHAJIbHI MPOrPAMU MOHITOPUHTY
NATIONAL/REGIONAL MONITORING PROGRAMS

HauioHanbHwii / perionanbHuit
MOHITOPUHI HaA3BMYANHOT

National/regional
emergency monitoring

HauionaneHi / perioHanbHi
nporpamu nocraBapiiHoro
MOHITOPUHTY
National/regional
post-emergency monitoring
prograns

[ EL

PucyHoK 1. HauioHanbHi, perioHanbHi Ta 06'€eKTOBi NnporpamMu MOHITOPMHIY Y NJIAHOBUX, HaA3BMYANHUX Ta

iCHyouMX cUTyaLiax onpoMiHeHHA.

Figure 1. National/regional and facility-related monitoring programs in planned, emergency, and existing

exposure situations.

reorpadiyHi KOOpAMHATHU Yepe3 CITIIbHI iHCTpYMEHTH Ta
couianbHi Mepexi. Lleit minxin 3maTHui 3a0e3ne4nTH Iy-
K€ BEJIMKUIA 00CAT JaHUX Y peaIbHOMY Yaci, OJHaK J0C-
TOBiIpHICTbh OKPEMHUX BUMipIOBaHb i TaHUX B LIIJIOMY MOXKe
OyTH BaxXKO OLiHUTH. OUiKy€eThCH, 110 OOCIT MOHITOPUH-
Ty, SIKWI1 TIPOBOAMTHCS 3alliKaBIEeHUMM CTOpOHaMU, Oyre
3HAYHO IIMPIIUM y MaiiOyTHbOMY. bysio 6 BaxkJIMBO Bpa-
XOBYBATH TaKi JaHi MOHITOPUHTY B paMKaX HalliOHATbHUX
nporpamM TOTOBHOCTI Ta pearyBaHHsI Ha HaJ3BUYaiiHi cu-
Tyallii i HagaBaTy BiATOBIAHI peKOMEHIaIlil IOAO IiABU-
ILIEHHS SKOCTi Ta HaAilfHOCTI pe3y/IbTaTiB BUMipIOBaHb.

ITPOI'PAMMU THAUBIAYAJIBHOI'O
MOHITOPUHTY

InauBinyanbHUT MOHITOPUHI € BaXXJUBUM aCHEKTOM
pearyBaHHSI Ha Haa3BMYaiiHi CUTYyallil HA SIICPHOMY pe-
akTopi. IHAUBiAyanbHUIA MOHITOPUHI — L€ Mpolec
BUMIpIOBaHHSI 103U OIPOMiHEHHS abo KOHTaMmiHaIlii
pagioHyKJiJaMyd BU3HAYE€HOi OcoOM. Y Haa3BUYalHil
CUTyallil ONMpPOMiHEHHS iHAWBIAYyaJbHUI MOHITOPUHT
MNOBMHEH TPMBATU OO TUX IIip, MOKU BCi MNOTEHLIMHO

laborative tools and social networks. This approach
is capable of providing a very large volume of real-
time data, but the reliability of individual measure-
ments and the dataset as a whole can be difficult to
assess. It can be expected that the scope of monitor-
ing conducted by interested parties will be much
broader in the future. It will be important to consi-
der such monitoring data within national emer-
gency preparedness and response programmes and
to provide appropriate guidance on improving the
quality and reliability of measurement results.

INDIVIDUAL MONITORING

PROGRAMMES

Monitoring of individuals is an important aspect of
the response to a nuclear reactor emergency.
Individual monitoring is the process of making
measurements of radiation dose or radioactive con-
tamination for an identified person. In an emer-
gency exposure situation, individual monitoring
should continue until all potentially affected peo-
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nocTpaxaaji ocodu He OYayTh ITiJ KOHTPOJIeM abo He Oy-
JIyTh MaTW iH(oOpMallilo Mpo CBOI MOXJIMBI piBHi KOH-
TaMiHallil Ta BiAIIOBiIHI 1031 ONIPOMiHEHHS. [HIUBIAYyaNIb-
HUI MOHITOPUHT, 1110 MPOBOJUTHLCS ITiJl Yac paaiosIoTiyHO1
aBapii, Ma€ Taxi Iii:

> BUOIp Ta BU3HAYEHHS MPIOPUTETHOCTI OCi0 JJI51 MOAaTb-
WX Jiil (CKpUHIHT) OO0 HUX;

> OLIHKA iHAUBIAyaJIbHUX 103, sIKa CYIPOBOMAXKYETHCS, 1€
116 HeOOXiAHO, OIIIHKOIO PaIioJOTiYHUX PU3UKIB, MEAUY-
HOIO OLIIHKOIO' Ta JIIKYBaHHSIM;

> CYIIPOBiJ OLIIHOK J03 JJISl TPyIl HaceJIeHHSs, TaKux sK
OlLliHKA pO3MOJLIYy 03 Y KOHKPETHOMY HaCeJIeHOMY
MYHKTi a00 Ha TEpUTOPil.

ITicist CKpUHIHTY TOAAJIbII Aii MOXYTh BKJIIOYaTH TMPO-
BeJICHHS MEIMYHOI OLIiIHKM, BUIAJICHHS 30BHIIIIHBOIO 320-
PYIHEHHS 3i IIKipy Ta oudTy (Ie3aKTHUBALLis), 3aCTOCYBaH-
HSI IEKOPITOPAHTIB JUTS 3HIKEHHST BMICTY PafiOHYKITIiB ¥
TiJIi, TIOJAIBIINI iIHAVBITyaIbHUI MOHITOPUHT Ta/a0b0 Ha-
JaHHS iH(popMallii Opo iHAKWBiAyaJbHE ONPOMIHEHHS Ta
MOXKJIMBI HACiAKU 151 310POB’S.

O1uiHeHi 1031 MOXYTbh OyTH a00 BxK€e OTpPUMaHUMU 103a-
MU, ab0 I03aMHU, sIKi OyayTh OTpUMaHi 0COO0I0 TTPOTITOM
BU3HAYEHOTO TIEPiOAy 4Yacy Micis HaIxoIKeHHsS (ToOTo,
ouikyBaHi go3u). s OLiHKM TOTJIMHEHUX 03 B Opra-
HaxX/TKaHWHaX peKOMEHIOBaHA TPMBAJIICTh iHTerpyBaHHSI
ckuagae 30 gHiB [5]. JleTanabHi BKa3iBKM 11040 OLIHKU 103
BHYTPILIHbOTO ONPOMiIHEHHSI MPY BUMIPIOBAHHSIX B paM-
Kax iHIMBiAyaJIbHOIO MOHITOPUHIY HaBeieHi y [9—12] Ta B
KOHTEKCTi aBapiiiHOro MOHITOPUHTY y TaKUX JOKYMEHTAaX,
gk [13].

KoHKpeTHUMHU UiJSIMU 1HAUBiAyaJbHOTO MOHITOPUH-
Ty €:
> BUSIBJIEHHSI OCi0, sIKi MalOTh 30BHIllIHE 3a0pYAHEHHS Ha
PiBHi, IKMIA MOXe€ IMTPU3BECTHU 10 3HAYHOTO BIUIMBY Ha 3[10-
pOB’d, i TOMY MOTPEOYIOTH TEPMiHOBOI Ie3aKTUBAIIil Ta TTO-
JAJIBIIIO] MEAUYHOI OLIIHKU;
> BUSIBJIEHHSI OCi0, sIKi MalOTh 30BHIllIHE 3a0pYAHEHHS Ha
HIDKYYX PiBHSX, SIKE, TUM HEe MEHIII, MOXe MaTH BILUIMB Ha
3II0pOB’d, i I IKUX Bce IIle BUIIpaBIaHa Je3aKTUBAllid,
ajie BOHa € MEHIII TePMiHOBOIO;
> BUSIBJIEHHSI OCi0, sIKi MalOTh 30BHIllIHE 3a0pYAHEHHS Ha
PIBHSIX, IS SIKUX MaJIOMMOBIpHUI Oyab-sIKMiA BILUIMB Ha
3II0pOB’S, a00 B3araJii He MalOTh 30BHIITHBOTO 3a0pyIHEH-
HS;

ple have either been monitored or provided with
information on their likely contamination levels
and resulting radiation doses. Individual moni-
toring performed during a radiological emer-
gency has following distinct purposes:

> selecting and prioritizing people for subse-
quent actions ( «screening»);

> individual-related dose assessment, followed
where necessary by radiological risks assessment,
medical assessment,' and treatment;

> support of group-related dose assessments,
such as estimates of dose distribution in the spe-
cific settlement or territory.

After screening, subsequent actions could
include medical assessment, removal of external
contamination from skin and clothing (deconta-
mination), treatment to reduce the amount of a
radionuclide inside the body, further individual
monitoring, and/or provision of information on
individual exposure and potential health effects.

Assessed doses may be either doses already
received or doses that will be received by that
individual over a defined period of time after the
intake (i.e., a committed dose). For assessments
of absorbed doses to organs, the recommended
integration period is 30 days [5]. A detailed guid-
ance on the assessment of internal doses from
individual monitoring measurements is provided
in [9—12] and, in the context of emergency
monitoring, in documents such as [13].

The specific objectives of individual monitor-
ing are to:
> identify individuals who are externally contam-
inated at a level that could result in significant
health effects and therefore require urgent decon-
tamination and subsequent medical assessment;
> identify individuals who are externally con-
taminated at lower levels which might neverthe-
less have an effect on health and for whom
decontamination is still justified but less urgent;
> identify individuals who are externally con-
taminated at levels that are unlikely to have any
effect on health or who are not externally con-
taminated at all;

'B KOHTEKCTi pearyBaHHS Ha HaA3BUYaliHi CUTYyallii, MeIMYHA OIliHKa — 11 CYKYMHIiCTb MEIUYHUX MTPOLEAYD, BUMipIO-
BaHb B paMKax iHIAMBiAyaJIbHOIO MOHITOPUHTY Ta OLIHOK iHAMBIAYaJIbHUX 003, MPU3HAYEHUX [IJIs1 OCi0, MOTEHLiHHO
TMOCTpaKIAINX Bill IIepHOI a00 pamioIoTigyHOol HaA3BUIAHOI CUTYallii, JUIT BU3HAYEHHS iX 3aTaJIbHOTO CTaHY 300POB'S
Ta BUSBJIIEHHS OY/Ib-SIKUX ITPOOJIEM 3i 3OPOB'SIM, SIKi TIOTPEOYIOTh MEIUIHOTO CTIOCTEPEXKEHHST a00 JTIKyBaHHSI.

'Within the context of the emergency response, a medical assessment is a set of medical procedures, individual monitor-
ing measurements, and individual dose assessments, run for individuals potentially affected by a nuclear or radiological
emergency to determine their overall medical condition and to identify any health issues that need medical follow-up or

treatment.
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> BUSIBJIEHHS OCi0, SIKi MalOTh BHYTPIIITHIO KOHTaMiHallilo
Ha TaKOMY DPiBHi, KU MOXE€ MPU3BECTA IO 3HAYHOTO
BITJIMBY Ha 30POB’s, i MOTpeOYIOTh METNYHO]I OLiHKH;

> BCTAHOBJICHHS TIOIJIMHEHUX 103 B OpraHax,/TKaHWHax
IUIsL Ooci0, sIKi BiAMOBiZAlOTh KPUTEPilO, 3a3HAYEHOMY B
MOTIePEeAHBOMY ITYHKTI;

> BUSIBJIGHHSI OCi0, 1110 TTOTPEOYIOTh MEIMYHOI 1OIIOMO-
TY JJ1 3MEHIIIEHHS piBHIB BHYTPIillIHbOI KOHTaMiHalIil;
> BCTAHOBJICHHS MPIOPUTETY IS OCIO IS TTOATBIINX
BUMIipIOBaHb 400 OLIIHOK BHYTPillIHbO1 KOHTaMiHallii;

> HamaHHg iHdopMalii Tpo OILHKK iHIWBiIyaTbHUX
JI03 OIPOMiHEHHS ocobaM, SKi MPUIIMAaIOTh pillleHHS
PO BIPOBAIKEHHS 200 KOPUTYBaHHSI KOHTP3aXO/IiB;

> HaJaHH4 iHdopmallii ocobam (IpaliBHMKaM Ta Hace-
JICHHIO) TIpO pPiBEeHBb iX OMPOMiHEHHS Ta TTOB’SI3aHU 3
HUM PU3UK IS 3I0POB’S.

[HaMBiyaTbHUIT MOHITOPUHT MPODECiiHOro OIMpPOMiHEH-
H$1 TTOBMHEH 3aCTOCOBYBATUCS ISl IEPCOHAY, Y TOMY YMCITi
JUTST aBapiliHMX MPalliBHUKIB Ha STACPHOMY 00 €KTi, TTOJILIji,
MpALiBHUKIB MTOXEKHOI CITy>KOM, TIpalliBHUKIB IIIBUAKOI ME-
JUYHOI TOMOMOTHY Ta MEIUYHMX TPaLliBHUKIB, BiliCbKOBOC-
JIy>kKOO0BLIiB, KOMyHAJTbHMX ITPALIiBHUKIB Ta MPaLliBHUKIB, 3a-
JIy4EHMX JI0 BiTHOBJIIOBAILHUX poOiT. [ TpauiBHUKM Mignana-
IOTh TIiJ1 JIit0 JIIMITIB 103 OMPOMiHEHHS AJIs1 TIEPCOHAITY, SIKi
HE 3aCTOCOBYIOThCS TSI HACEIeHH: [2], Ta /IS MpalliBHUKIB
i HaceJeHHsI 3aCTOCOBYIOTBCS Pi3Hi pehepeHTHi piBHI Mpu
Ham3BUYAHMX cutyawisx [14, 15]. BusznaueHi mporpamm
MOHITOPMHTY, 110 BiITTIOBiIaI0Th IJIAHOBOMY OITPOMiHEHHIO,
TIOBMHHI OyTW BCTaHOBJIEHI ST eSIKMX MpaliBHUKIB [11],
TaKOX MOBMHHI OyTH BCTAHOBJICHI MEXaHi3MU MOHITOPUHTY
MNpaliBHUKIB CIy>KO0 HEeBIIK/IaIHOI JOMOMOTHY Y pa3i BUHUK-
HEHHSI palioJIOTiYHOl HaI3BUYAHOI CUTYALlii.

IHmuBinyanbHi MporpaMu MOHITOPUHTY U1l HACEIEH-
Hs MaloTh OYTU CTBOPEHi Ha AepKaBHOMY piBHi. [TnaHu
iHAMBiNYyaJlbHOIO MOHITOPUHIY MTOBUHHI OyTHU BCTAHOB-
JIeHi 3a37ajeriap, 10 Oyab-sKoi pamiosoriyHol Haa3BU-
YaifHOI CUTYallii, Ta PErYJISIPHO MPOXOIUTH MEPEBIPKU B
aBapiliHUX TpeHYBaHHSIX.

BEJIWNYMHU 1151 OIINCY PEAKIIIN

TKAHUHU

IIxinauBi peakilii y TKAHWHAX HE MOXYTh OYTU aaeKBaT-
HO BM3HAY€Hi KiJIbKiCHO 3 BUKOPHUCTAHHSIM BEJIMYMH 151
3aXMCTYy, MPU3HAYEHUX TSI CTOXaCTUUYHUX edeKkTiB. Be-
JIMYMHA IIKOAW, MOB’SI3aHOI 3 peakilisIsMU TKaHWUH, BU-
Mara€e CKpyIyJbO3HOIO JOKYMEHTYBaHHS yCiX XapakTe-
PUCTHUK i YMOB OMPOMIHEHHSI, SIKi BUKJIMKAIU i MOXYTb
BUKJIMKATU LWIKiAJUBI peakilii TkKaHuH. HaiGinbir migxo-
JSIIMMU BeIMYUHAMU IS Li€T METH € TaKi:

> CepellHi MOTJMHEHI 031 B YpaxKeHUX TKaHWHaX abo
opraHax;

> identify individuals who are internally contam-
inated at a level that could result in significant
health effects and require medical assessment;

> quantify absorbed doses to organs for people
who meet the criterion described in the above bul-
let;

> identify individuals who should be considered for
treatment to reduce internal contamination levels;
> prioritize people for later measurements or
assessments of internal contamination;

> supply information on individual dose estimates
to decision makers for the implementation or cor-
rection of countermeasures; and

> provide information to individuals (workers and
members of the public) on their level of exposure
and related risk to health.

Individual monitoring of occupational exposure
should be implemented for the personnel, includ-
ing emergency workers at a nuclear facility, police
and fire-fighting service staff, ambulance staff
and paramedics, military service men, municipal
workers, and workers engaged in remediation
tasks. Workers are subject to occupational dose
limits that are not applied for members of the
public [2], and different emergency reference lev-
els are applied for workers and members of the
public [14, 15]. Established monitoring pro-
grammes appropriate for planned exposures
should be in place for some workers [11], and
arrangements for monitoring emergency services
workers in the event of a radiological emergency
may be in place.

For members of the public, individual monitor-
ing programmes need to be established at the
national level. Plans for individual monitoring
should be established in advance of any radiologi-
cal emergency and tested regularly in emergency
exercises.

VALUES FOR DESCRIPTION OF

TISSUE REACTIONS

The harmful tissues reactions cannot be adequate-
ly quantified with the use of protection quantities
designed for stochastic effects. The magnitude of
harm, associated with tissues reactions necessitates
scrupulous documentation of all characteristics
and conditions of exposure, which caused and can
cause harmful tissues reactions. The most appro-
priate quantities for this purpose are following:

> mean absorbed doses in the affected tissues or
organs;
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> TMPOCTOPOBUIA PO3IOIiN MOTIMHEHUX 103 B yPaXKeHUX
TKaHMHAaX abo opraHax;
> JIMHaMiKa y 4aci IOTY>KHOCTi MOTJIMHEHOI 103U (Tpu-
BaJIiCTh OMPOMIHEHHSI Ta MOro pexXuM: rocTpe, ppak-
L[iOHOBaHEe ab0 XPOHiUHE MOXe BUKOPUCTOBYBATUCS SIK
3aMiHHUK);
> pamioOHYKJIiaM Ta/ab0 TUII/€HEepris CIEeKTPy BHII-
POMiHIOBaHHS;
> BHECOK BHIIPOMIHIOBAaHHSI KOHKpPETHOIO THITY Ta
eHeprii 10 MOMIMHEHOI M03M/MOTY>KHOCTi MOTJIMHEHOI
JI03U B OpraHi abo TKaHUHi.
3BaxkyBaHHSI BEJIMYMH TOIIMHEHOI J031/TIOTY>KHOCTI
JI03M 3 Koe(illieHTaMU1 BiTHOCHOI 0i0JIOriYHO1 €(heKTUB-
HocTti (BBE) ciig npoBoauTu i3 3actepexkeHHsIMU. byio
0 BaXKJIMBO OOIPYHTYBAaTU OOpaHi 3HaYE€HHS KoedillieH-
TiB BBE 3 ypaxyBaHHSIM iX aneKBaTHOCTI 10:
> crieuudiyHuX YMOB 0OCTaBUH OMNPOMiHEHHS, TaKUX
SIK PeXMUM/IHTEeHCUBHICTh/TPUBAJICTh OIIPOMiHEHHSI,
Jliara30HU eHeprii, ypaxkeHi TKAaHWHU Ta OpraHu, iX Ma-
cu (TTOBepXHS — Y BUIAAKY HIKipH);
> XapaKTepUCTUKU TOCTpaXkaanaoi ocoOM, TaKi SIK BiK,
CTaTh, CTaH 3A0POB’s, iHAMBiAyalbHA PAdiOYyTIUBICTb.
3BitHicTh om0 BBE-3BaxkeHOi IOMIMHEHOI 103U HE
MOBUHHA MEPEUIKOIKATU MPaBUJIbHOMY OOJIIKY OlLliHEe-
HUX 3HAYeHb (PiI3MYHMX BEJIMIMH, IIEpepaxoBaHUX BUIIIE.

BHUCHOBOK
InpuBinyanbHUIT MOHITOPUMHI € PETPOCIEKTUBHUM 3a
MPUPOMIOI0, OCKIJIBKM JTaHi BUMipIOBaHb BigoOpakaroTh
OINPOMiHEHHS JTIOJWHMU, SIKe BxKe BimoyJocs. PeTpocnek-
TMBHI OLIIHKM 031 € B3aEMOJONOBHIOIOUMMMU 10 TIPOC-
MEKTUBHUX OLIIHOK, SIKi 0a3yl0Thcsl 200 Ha MPOTHO3HOMY
MOJIeIOBaHHI aTMOC(epHOTo MepeHocy abo Ha MOHITO-
PUHTY i MOIEIIOBaHHI HABKOJMIIHBOTO CEpeAOBMIIIA.
OOugBa IMAXOOM 10 OIIIHOK 3aCTOCOBYIOTBCS HIJIs
OLIIHKM PiBHIB OMPOMiHEHHS Y HAaBKOJMIIHbOMY Cepe-
JIOBUIII Ta, SIK pe3yJIbTaT, 103 OIPOMiHEHHSI JIIOAWUHM.
PilreHHs 111010 3aCTOCYBaHHS iHAMBiAYyaIbHOTO MOHi-
TOPHUHTIY ISl OLIIHKHY 103, a HE ITOKJIagaTUCs Ha MOIEIIO-
BaHHSI aTMOC(EepHOro MepeHocy abo Ha MOHITOPUHT Ta
MOJIeJIIOBAaHHSI HABKOJUIIHBOIO CepeIOBUILIA, 3a/1eXaTh
Bin psany dakropiB. Honosinb 92 MKPO pekomeHnye
3aCTOCOBYBAaTU MOHITOPUHT 3a TaKMX OOCTaBUH:
> Jlng nomoMoru imeHTUdiKauii ocid, siKi MoTpedyoTh
MEAWYHOI OLIHKM Yepe3 BUCOKi 03U OIPOMiHEHHS.
JlikyBaHHST MOXe BKJIIOUATH TepareBTUYHE JIIKyBaHHS y
BUMNAJKYy MALI€HTIB, SIKi € TOCTpaXKJaJMMU Ha TOCTpUIA
pagialiiHUui CUHAPOM, IEeKOpIopalilo pagioHYKIimiB 3
METOI0 3MEHIIEHHS BUCOKMX H03 BHYTPIIlIHBOTO OII-
poMiHeHHs [16], TaKy sIK 3aCcTOCYBaHHS OepJIiHCHKOI JIa-
3ypi y BUITAIKy KOHTaMiHalil pagioHyKJigamMu He3sito [17]

> spatial distribution of the absorbed doses in the
affected tissues or organs;

> time-course of the absorbed dose rate
(duration of exposure and its mode: acute,
fractioned, or chronic can be used as a surro-
gate);

> radionuclides and/or type/energy spectra of the
radiation involved;

> contribution of the radiation of the specific type
and energy to the absorbed dose/dose rate in an
organ or tissue.

The weighting of values of the absorbed dose/dose
rate with the relative biological effectiveness (RBE)
coefficients should be done with cautions. It would be
important to justify the chosen values of RBE coeffi-
cients with the consideration of their adequacy to the:
> specific conditions of an exposure case, such as
mode/intensity/duration of exposure, energy
ranges, affected tissues and organs, their masses
(surface in case of skin);
> characteristics of the affected individual, such as
age, sex, health status, individual radiosensitivity.

Reporting of the RBE-weighted absorbed dose
should not preclude proper recording of estimated
values of physical quantities listed above.

CONCLUSION
Individual monitoring is retrospective in nature
because measurement data reflects the human
exposure that have already been occurred.
Retrospective dose assessments are complementa-
ry to prospective assessments that are based on
either predictive atmospheric dispersion modelling
or environmental monitoring and modelling, both
of which are performed to estimate radiation levels
in the environment and resulting doses to people.
Decisions on whether to use individual monitor-
ing to assess doses rather than to rely on atmos-
pheric dispersion modelling or environmental
monitoring and modelling depend on a number of
factors. ICRU Report 92 recommends to consider
in the following circumstances:
> To help identify individuals who need medical
assessment due to high radiation doses.
Treatment could include therapeutic treatment in
the case of patients likely to suffer from acute
radiation syndrome, decorporation of radionu-
clides to reduce high internal doses [16] such as
the administration of Prussian Blue in the case of
radiocesium contamination [17], or stable iodine
in the case of continuing exposures to radioiodine
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REVIEWS

abo0 cTabiIbHOTO oAy Yy BUMAAKY TPMBAIOUYOro HaAXO[-
JKEHHSI pagioHyKJIiaiB Koy, s iHiliroBaHHS MeIUYHOL
OLIIHKH Ta PO3TJIsIAy HeOOXiTHOCTI MEAUUYHOTO JIiIKYBaHHSI
OyJIu 3aIlpOIlIOHOBaHI piBHi Iii mist nopocaux — 200 M3B
[13, 16] abo 250 m3B'[18];

> K110 OLiHKY 114 ineHTU(iKOBaHUX 0Cib HEOOXiaHI 3
IHIIUX OPUYMH, HIK pilIeHHS OPO MEIUYHY OLIHKY,
HampuKJIam 151 aBapiliHUX MpaLliBHUKIB HA MiClli BUKU-
Iy, 0Ci0, SIKMX 3a71y4eHO 10 Ae3aKTUBallii, 0ci0, sIKi repe-
OyBajiy y TJOKaJIi30BaHMX MiCLISIX 3 BACOKMM BMiCTOM BU-
MNaAiHb Mif 9ac BUKUIY, TPYIT pU3UKY (HATTpUKIIAI, TiTei,
BariTHUX XiHOK, YIEHIB ciMeil, B SKUX € 0COOU 3 BUCO-
KMMH PiBHSIMU OTIPOMiHEHHS);

> Jlng miaTBepIKeHHs1 abo mepeBipKM pe3yJibTaTiB
MIPOTHO3HOTO MOEIIOBAHHSI Y HAaBKOJIMIIHHOMY Cepe-
JoBUIILi. MOXyTh OYTH BUSIBIEH] 3HAYHI BiIMiHHOCTI, IK
Yy BUNAAKY 3 103aMU IIUTOMOAIOHOT 321031, OTpPUMaHU-
MU HacCeJICHHSIM ITiciis aBapii Ha Dykycimi [19];

> SIK1110 BUHMKAE TTOTpeda B iHAMBIAyaTbHUX OLIIHKAX 3
IHIIWX MipKyBaHb, Hi3K pagiooTiuHUi 3aXUCT (HAITPUK-
JIal, BiJl cepedOoBUI Ta MOJITUYHUX TPy, abo yepes 3a-
HEMOKOEHHST TPOMAaICbKOCT).
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intakes. Action levels for adults of 200 mSv [13,
16] or 250 mSv committed effective dose' [18]
have been proposed for initiation of medical
assessment and consideration of the need for
medical treatment;

> Where assessments for identified individuals are
needed for reasons other than decisions on medical
assessment, for example emergency workers at the site
of the release, people engaged on decontamination
activities, individuals who were at localized sites of
high deposition during the release, potentially high-
risk groups (e. g., children, pregnant women, mem-
bers of families with a highly-exposed relative), etc.;
> To verify or check the results of predictive envi-
ronmental modelling. Significant differences can
be found as in the case of the thyroid doses
received by members of the public after the
Fukushima accident [19];

> Where demand for individual assessments aris-
es from considerations other than radiological
protection (e. g., from media and political groups
or because of public concern).
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