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bnarogapHocTh

CospmaHHBIT ATnac He 6blI OBl MOATOTOBIEH 6e3 JaHHBIX, MPeACTaBAeHHbIX KaXA0M
cTpanoi EBponbi, noctpagaBuieit oT aBapuu Ha YepHoObuibckoit ADC. CiuckH cTpaH,
NpegoCTaBUBLIMX JaHHBlEe, @ TakKke /ML, BBICTYIMBLUIMX B POJH Ha3HauYeHHBIX
I OCylapCTBEHHBIX KOOPAUHATOPOB, Nepednciens! B [Ipunoskenuu F. Mx Bxian u moMoliis,
OKa3aHHas NMpH pefaKTHPOBAaHUM OKOHYATENbHbIX BApHUAHTOB KapT IO MX CTPaHaM,
3ac/ayKUBAlT OrpoMHOI 61arogapHocTH. PHHaHCOBasAs NOAAepXKa INPOEKTa,
ocywecrBuBmerocs B pamkax Cormawmenus EK/CHI mo MexpayHapogromy
COTPYIHHYECTBY 10 OLieHKe nocaeacTBuil YepHOObIIbCKOM aBapuy, Gbuia 1peocTaBieHa
EBponeiickoit KoMHccHel M COOTBETCTBYIOLLMMH MHHHCTEPCTBAMHU, 3aHUMAIOLLIUMHUCA
npobreMaMH TMKBUIALMHU TOCaeACcTBUI YepHoObLIbCKOM aBapuu B benapycu, Poccuu u
Ha YkpauHe. OMHaHCHMpOBaHHe MNpoekTa B paMkax EBpomeiickoit Komuccumu
OCYLIeCTBAANOCH 33 CYUeT OTAe/NbHBIX GIOIXETHbBIX aCCHTHOBAHU, BbIAEIAEMBIX
EBponapraMeHTOoM A u3ydeHus nocaeqcTBuil YepHoOblnbekoit aBapun. OTaeneHue
HCCIeOBaHMIt B 06/1aCTH pagMaLlMOHHOM 3aiuTht ['eHepanbHoro Jdupekropara XII Hecto
OTBETCTBEHHOCTb B paMKax KOMHcCHH 3a yTipaB/ieHHe COBMECTHOMH IporpaMmoit. [TomMolnb
Ortpnenenns no paguauuoHHo 3amure [enepanproro [Jupekropata XI, ocyliiecTBAsBLIErO
CBI3M CO MHOTMMHU cTpaHaMu leHTpanbHoi U BocTouHoi EBpOITBI M ¢ HEKOTOPBIMH
rocynapcrBaMu-wieHaMH EBponedickoro Coraa, TaksKe 3aciyxuBaeT 671aroqapHOCTH.

Heob6xonumo Takxe ¢ 61aroqapHOCTbIO OTMETHTh OTPOMHYIO PO/b M BaXXHBIM BKJIal,
chenaHHblt MHCTUTYTOM OKpYy)awoueit cpensl B O6befMHEHHOM HAay4YHOM LEHTpE
(Ucnpa, Mtanus). OH oTBevyan 3a UCHOAb30BaHHE HHCTPYMEHTA [eOMHMOPMATUKH A/IS
COCTaB/IeHUs KapT Ha OCHOBAaHMM MHOTOYMCIEHHBIX UCTOYHMKOB IAHHEIX, a TaKXXe 3a
nepegayy cOOTBETCTBYIOLUEH TeXHOJIOIMH NMPHHUMAIOLIUM y4yacTHe B COTPYOHUYECTBE
crpanam 6piBlIero CoseTckoro Cowo3a. Mcrnonp3oBaHMe aHaJTOTUYHOM TeXHOJOTHH B
HEeCKONBKHX MHCTUTYTaX OyleT B 3HAYMTENbHON CTEIIeHU CIIOCOGCTBOBATh Gynyluemy
COTPYAHUYECTBY B 3TOM obmacTu. [IpuHOCHM 6naromapHOCTh r-HY Mapky BaH JIugekepke
3a UHPOPMALHUOHHYIO NOAAEePXKKY U paspaboTKy mporpaMMHOro obecredeHus Ha
HayaJbHOM 3Talle NpoekTa. Ocobo cienyeT YHOMAHYTh W 110OIarofapuTh I-Ky AJpHaHY
Yuyepu 3a HEOLEHUMYIO aIMUHUCTPATUBHYIO IOMOIIb W MOALEPXKKY, B YaCTHOCTH,
opraausaluio nmoesgok B O6beHEeHHBII HayUHBIN LeHTp ClTeLHanucToB u3 Berapycy,
Poccun u YxpauHsl.

OueHb TOPbKO, YTO OAMH U3 [JIaBHBIX aBTOpPOB ATiaaca, npodeccop UI.A.Opuaman,
HEeOXXHMAaHHO CKOH4YaJCA, Korga pa6oTra Hag ATnacoM MpHOMIHIXKaAach K CBOEMY
3aBepurenuto. OH BHec GONbLION BKJAN B COCTaBJeHHMe ATHaca, ero BbICOKas
OTBETCTBEHHOCTh, BHUMAaHHE K MA/IEHIIINM [IeTalsIM, CBA3aHHBIM C paboOTOM, a TAKXKe ero
npocdeccHOHANMH3M HaloAro 3aIIOMHATCS BCeM, KOMY MTOCYaCTIMBWIOCH ¢ HUM PaboTaTh B
paMKax 3TOrO M JApYTHX MpoekToB. K coxxaneHuio, OH He CMOT YBUAETb MOATOTOBIEHHBIHN
ATnac, KoTopbIM 6Bl OH, Ge3yC/IOBHO, ropawicsa. ATiaac OyIeT CIy>XUTb CBUAETENbCTBOM
€ro JeATeIbHOCTH BO MHOTHX 06/1aCTAX 3HAHUI.

Koncynbsrant o kaprorpacgpuu
Josenn Oxowuc JITo., Oxcdopn, Bemxobpuranus

ITepeBon
H.IO. Baits (2), O.B. [mywiko (2), M.Koraw, I1. Teitrop

Ileyarp
SauH6yTCKOe U3IaTeIbCTBO, DaUHOYPT, Bemko6puranus



Preface

The European Commission and the Ministries responsible for Chernobyl Affairs in Belarus,
Russia and Ukraine have carried out a collaborative programme of research on the
consequences of the Chernobyl Nuclear Power Plant accident. This programme was
implemented during the period 1992-95 under the auspices of a formal Agreement between
the Commission and the relevant Ministries in the three countries. Financial support for the
programme was provided through a separate budget approved by the European Parliament.
Within this programme some 16 separate projects were implemented dealing with the
health and environmental consequences of the accident, their long term management and
with emergency management in general. The results of this programme have been published
in 16 volumes and were presented at a major international conference held in March 1996
in Minsk.

One of the projects was concerned with the preparation of a comprehensive Atlas of the
deposition, over the whole territory of Europe, of radioactive material released during the
Chernobyl Nuclear Power Plant accident. Various compilations, of differing resolution and
quality, of the deposition in particular countries or regions are available but, prior to this
project, no attempt had been made to bring the many data together and develop a coherent
and comprehensive picture of the deposition across the whole of Europe. The task in
assembling and processing these data has been considerable and those involved with the
project are to be commended for what has been achieved. Equally, the Atlas could not have
been produced without the input of data from each of the European countries which
experienced fallout from the accident; their essential contributions are acknowledged.

The Atlas will be the authoritative reference on this subject for many years to come and it
will have wide public and scientific interest. The interest of many will probably not extend
much beyond checking for themselves the levels of deposition where they live or might have
been around the time of the accident. Others may be interested by the large scale over which
material was dispersed and by the very irregular patterns of deposition which are testimony
to pollution being no respecter of geographic or national boundaries. The many and diverse
data on which the Atlas is based have been compiled in an electronic form and will be an
important resource for further scientific work; in particular they will contribute to a better
understanding of the complex processes of dispersion and deposition and to the
optimisation of environmental monitoring in the event of any future accident.

The Atlas also provides much needed perspective for judging the current radiological
significance of the deposition across Europe. This is important generally but particularly so
for those continuing to live in areas of the former Soviet Union where the deposition was
greatest. Much concern and anxiety continues to be experienced with regard to the potential
harm from the residual contamination of the environment. While these concerns are often
not commensurate with the actual risks involved, they remain problematic for those
affected. Hopefully, the perspective provided by this Atlas will go some way towards allaying
such concerns. If so, the Atlas will have a broader social value that is additional to its
scientific importance.

The Coordination Board established under an Agreement between the European
Commission and Ministries responsible for Chernobyl Affairs in Belarus, Russia and
Ukraine on the Consequences of the Chernobyl Accident

I Kenik E Andreta
Minister, Belarus Director (XII/F), EC

S Khetagurov ] Sinnaeve
Deputy Minister, Head of Unit
Russia (XII/F/6), EC
V Kholosha K Chadwick
Minister, Ukraine Head of Sector

(XII/F/6), EC

March 1998

IIpenucnoBue

Esponerickan Komuccua u Munucrepcrsa Benapycu, Poccun n YKpaHHBI, OTBETCTBEHHbBIE
3a IMKBUOALUMIO MOCNeACTBHUH aBapuu Ha YepHoObinbckon ADC, ocyniecTBUIN
COBMECTHYIO NPOTrpaMMy H3ydeHHMsa MOCAEACTBHH 3TOH aBapuHu. [lporpamma
OCYILECTB/IANACh B TedeHHe 1992-1995 rr. B pamkax obHLHaIBHOTO COT/IALLIEHHA MeKLY
Esponerickoit KoMuccHen U COOTBETCTBYIOLMMHY MUHHCTEPCTBAMU TPeX CTPaH.
[Tporpamma dpuHAHCHpOBaNach 3a CYeT crMelMaabHOro 6wIXeTa, 0006 PeHHOrO
Esponeiickum [TapnamenTom. B paMkax aToi1 nporpaMMbl OCYIIECTB/IANOCH 16 OTAENBHBIX
NPOEKTOB 10 M3YUYEHMIO BAWAHUA MOCAEACTBHI aBapUM Ha 300POBbe 4Yejl0BeKa H
OKpY>Kalolllylo cpelly, Mo obecrieyeHHI0 OPraHH3alHU X JO/ATOCPOYHOrO KOHTPO/A, MO
OpraHM3allMM PaAMallMOHHOIO MOHMTOPHHIA B C/Iydae aBapUHHbIX CUTYallMi. Pe3yabTaThl,
No/Ny4eHHble B PaMKaX 3TOM NIporpaMMbl, 6bi1M onyOGNMKOBaHB B 16 ToMax H
npejcTaB/leHbl Ha Ba)XKHeHILIeH 110 3TOMY BOMIpocy MexayHapoaHo# KoHdepeHIUH,’
cocrosBlleiica B MHUHCKe B MapTe 1996 T.

OnuH 13 NpoeKToB Obl MOCBALLEH ITOATOTOBKE AT/Iaca BbINAAEHHH Ha BCIO TEPPHTOPHIO
EBponbl pagiMOaKTUBHBIX NIPOJYKTOB, BBIGPOILIEHHbIX B pe3y/lbTaTe aBapHUH Ha
YepHoOGblabckod ADC. O6paboTKka JaHHBIX M UX NpeACTaBIeHHE C Pa3THUYHBIM
paspellleHMeM M Ka4eCTBOM NPOBOAMIACH M B MPOILJIOM C LeIbio KapTorpadHupoBaHus
3arpA3HEHHUA BO MHOTHX CTpPaHax MM pafiOHaX, HO [0 3TOrO NIPOEKTa BCe
MHOTOYMC/IEHHble NaHHble He ObUIM CBelleHbl BOeIMHO W 00Il1as KapTa 3arpsA3HeHMs 10
Bceit EBporne He 6bu1a monydeHa. Paborta no c6opy u ob6paboTke TakMX OaHHBIX OblIa
OTPOMHOM, U BCe YYaCTHMKM NPOEKTA 3aC/IYXXUBAIOT 6/1ar0NapHOCTH 3a MO/NTy4YeHHBbIe
pesynbpTaThl. Henb3a 6b110 TOOrOTOBUTb AT/IAC, HE HMes JaHHBIX OT KaXX[0i eBPONeicKoH
CTpaHbl, Ijle UMe/lH MeCTO BblNlaJleHUs, BbI3BaHHblE aBapHell; BAXHbI BKAal 3THX
rocygapcTB IIPUM3HaeTcA ¢ 6/1arogapHOCTLIO.

Atnac 6yner C1y)KHUTb aBTOPUTETHBIM HCTOYHUKOM II10 HCC/IElyeMOMY BOIPOCY B TeYeHHe
MHOTHX JleT M OyfeT MpeAcTaBATh GOMBIION HHTepec MU OOLIeCTBEHHOCTH H HayYHOTO
coobiiectBa. 18 MHOTHX, BEPOATHO, MHTepec He GyleT BLIXOAMTb 32 paMKH BbIACHEHUA
YPOBHEH 3arpsA3HeHMA B MeCTaxX, Ile OHM CaMM MPOXUBAIOT, U/IU Tle OHU MOTIH
HaXOJMTbCA B MOMEHT aBapHH. JIpyrux ke Mo>KeT 3aMHTepecoBaTh HEOJHOPOJHOCTD
KapTHHBl BbIMAAEHHIT M IIMPOKHI MaclUTab pPacnpoCTPaHeHHs 3arpsisHEHHA, KOTOpOe He
CYMUTaETCA ¢ reorpadHUYeCKUMHM MM TOCYIApCTBEHHBIMH IpaHHLIaMH. MHOTroYHCIeHHBIE U
pasHooOpa3Hble JaHHbIe, HA OCHOBAaHMH KOTODBIX COCTaBjA/AcA ATiac, 6bIH moa-
FOTOB/IEHBI B 3/IEKTPOHHOM GopMe U MOTYT 6bITb MCIONb30BAHBI B GyNyllleM B KayecTBe
LIeHHOTO MCTOYHHKA B Hay4HOH paboTe, B YaCTHOCTH OHHU 6YAYT CII0COGCTBOBATD JydILIEMY
ITOHMMAHHIO C/IOKHBIX MPOLIECCOB PACcCESIHUA M BbIMAaJeHM, ONITUMH3aLIMH MOHHTOPHHTA
OKpY>KaloLlel Cpelbl B C/Iyuae T1060i1 BO3MOXHOH aBapHH.

B NMEepCIIEKTHBE ATnac 6YIICT Crmoco6CTBOBATh TaK)Xe MOHHMAHHUIO COBpeMCHHOﬂ
panuonorw{ecxoﬂ 3HAaYUMOCTH paJHOAKTHBHOTIO 3arpsa3HeHNA EBpOHb]. ITO BaXKHO AJA
BCeX XUTeneH EBpOHbI, M B 0COBEHHOCTH A1 TeX, KTO XUBET B CTpaHax 6bIBILIETO
COBETCKOTO CO}O38, rao¢ BbIMMTaACHUA 6bITM MaKCHMManbHBIMHU. Bosbllloe 6ecnokoMcTBO
Npoao/IXKAaeT BbI3bIBATH IOTE€HLHa/bHBIH PHCK NMPOXHUBAaHHUA Ha 3arpA3HEHHBIX TE€PPH-
TOpHAX. ITa 00eCIIOKOEHHOCTh 4acTo HecopasMepHa ¢ IeCTBUTEbHBIM pHCKOM, HO OHa
Mpoao/DKaeT CYyLIeCTBOBATb U Bbl3bl1BA€T BOIIPOCHI y TE€X, KTO ITOABEPraeTcs BO3IENCTBHIO
paIlP[aU,HM.O6HaII€)KHBalOLU,HM ABNAETCA TO, YTO IpPaMOTHadA MHTEPIIpETALNMA JaHHbBIX
ATinaca B HeKOTOpOﬁ CTelleHH MO3BOJUT 0c1abuTh Takoe 6ecnokoimcTBo. M ecnu aTo
HpOl’[30ﬂIl€T, TO ATnac 6le€T HMETDh Ba’>XHYIO COLMAa/JIbHYIO 3HAYUMOCTDL, KOTOpasa
AOMO/THHUT €ro Hay1HY10 Ba)KHOCTb.

Koopannaunonnbiit Coser yupexxaeH B pamkax Coraienusa mMexxay EBponefickoit
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10 General introduction - O61ee BBeneHue

I. General introduction

This Atlas was prepared under the auspices of the EC/CIS collaborative programme of
research on the consequences of the Chernobyl Nuclear Power Plant (CNPP) accident.
Various institutes in Belarus, the Russia, Ukraine and the European Union (EU)
participated in the development of the Atlas through one of the projects (Joint Study Project
No. 6) carried out within the collaborative programme. Extensive data on the deposition of
radioactive material on Europe resulting from the CNPP accident have been collected and
validated: these data have been transformed into maps of deposited material using advanced
interpolation techniques and a geographical information system. The resulting Atlas is
unique in providing a coherent and comprehensive picture of deposition across the whole of
Europe and will, for many years to come, be the authoritative reference on this subject.

A wide spectrum of radionuclides was released to the environment during the CNPP
accident and deposited over Europe. Few of these radionuclides, however, contributed
significantly to the overall radiological impact from deposited material; iodine radionuclides
were most important in the short term (ie, a few weeks) and caesium radionuclides in the
medium and long term (ie, from a few months onwards). The radiological importance of a
given nuclide depends on the amount released in the accident, its radiation characteristics
and how effectively it is transferred through the environment to man. Iodine and caesium
are volatile elements (at typical reactor operating temperatures) and substantial fractions of
each were released during the CNPP accident; moreover, both are readily transferred
through the environment and metabolised by man. This Atlas is concerned solely with those
deposited nuclides which have largely determined, and continue to determine, the medium
and longer term impacts (ie, from a few months onwards) of the accident. The focus of the
Atlas is, therefore, the deposition of caesium radionuclides, in particular caesium-137 and,
to a lesser extent, caesium-134. Consideration is also given to the deposition of
radionuclides of strontium and plutonium. While the radiological significance of these
nuclides is small in comparison with that of caesium radionuclides, they are often the focus
of public interest and are included here for perspective and completeness. The maps of
deposited strontium and plutonium are, however, not presented for Europe as a whole but
limited to smaller areas where most of these elements were deposited.

The main text (Sections I to VI) describes the structure and content of the Atlas and

provides perspective to enable readers to assess for themselves the radiological significance

of residual levels of deposition. Following the general introduction, the remaining sections
contain:

- A description of, and responses to, the Chernobyl Nuclear Power Plant accident;

- A description of the measured data on caesium-137 deposition and how these data were
used to compile maps of deposition and to estimate the total amount of ceasium-137
deposited over Europe together with its distribution between countries;

- Information on the deposition of other nuclides (namely, caesium-134, strontium-90
and plutonium -239 and -240);

- Information to enable the reader to judge the radiological significance of the current
levels of deposited caesium-137 (ie, indicative levels of annual radiation doses from
current deposits and how these compare with other sources (natural and artificial) of
exposure of the population).

The maps of caesium-137 deposition comprise the bulk of the Atlas. They are presented at

three different levels or scales:

- European - deposition over Europe as a whole;

- National or Regional - deposition over individual countries or regions;

- Smaller Areas - deposition over more limited areas that experienced higher levels of
deposition. '

In addition maps are provided of:

- The meteorological situation during the accident;

- Relevant geographic and demographic features of Europe.

The legend describing all cartographic symbols and radiological information used

throughout the Atlas is located at the beginning of the Maps section.

The Atlas contains eight Appendices which are likely to be of interest to the more specialist

reader. They address each of the topics listed below and are intended to provide a fuller

understanding of how the measurements were made, how they were used to compile the

maps and of various phenomena which may have influenced the pattern of deposition:

- The meteorological situation during the accident (Appendix A);

- A summary of the various deposition measurement techniques and of caesium-137
deposition data used (Appendix B);

- Asummary of the data handling techniques used (Appendices C and D);

- Reference maps on population density, land use, soil type and elevation (Appendix E);

- Additional information on data providers and data sources (Appendices F and G);

- List of tables and figures (Appendix H).

I. OoOuiee BBenenue

AT/ac moAroToB/eH B paMKax nporpammsl corpyganyectsa KEC/CHT, nocBsenHon
H3y4eHHIO MOCNeACTBUIM aBapryu Ha YepHOOBIILCKOM aTOMHOM 3/I€KTPOCTAaHLIHH.
Pasnuuynsie opranusanuu benapycu, Poccusa, Yxkpaunsnl, a Takxe EBponenickoro
Coobuectsa (EC) mpMHHMaNy y4acTHe B IOATOTOBKe AT/aca, BbIoaHAA NpoekT ([TpoexT
COBMECTHBIX McCTefloBaHui Ne6) B paMKax mporpaMmbl COTPYAHMYECTBA. bblT poBeneH
c6op M olieHKa OOLIMPHBIX JaHHBIX O PalHOAaKTHBHBIX BblNafieHUAX B EBpore B pe3ysnbTaTe
YepHOOBUIBCKOH aBapHH. JTH JaHHbIE [TI0J0XKEHBI B OCHOBY KapT, MOCTPOEHHBIX C
HMCIO/Nb30BaHHEM COBPEMEHHbBIX METOAMK MHTEPHOIALUM U reorpaduyeckux
HHOPMaIHOHHBIX cUCTeM. MaTepuas, NpeAcTaBleHHbIH B 3TOM ATiace - Haubojee
no/iHas ¥ YHHKanbHasg HHQOpMauma O 3arpA3HeHUH EBpoNBI B Lle/IOM; OH OCTaHeTcA
aBTOPHMTETHBIM HCTOYHHKOM II0 AaHHO npobieMe Ha JO/ITHe FOIBbL.

Bo BpeMs YepHOObUILCKOM aBapHM IIPOM3OLLE] BBIOPOC GOJIBIIOrO YMC/Ia PAAHOHYKIUIOB
B OKpYXawLUyw cpeny. HexoTopble M3 HHX BHeCIM 3HaYWTe/NbHBIN BKJIAL B CyMMapHble
pPagHoIOTHYeCKHe NO30Bble HAIPY3KH OT BBINMABLUErO PAafMOAKTHBHOIO MaTepHasna. B
Hava/j bHBIIl MEpHOA aBapHUHU (HECKOJbKO Helelb) HauGO/Ibllee 3HAYEHHE UMENH
PamHOHYK/IMIBI MO[d, a B 60J/iee IIMTeILHOI I€PCIeKTHRE (HECKOILKO MecsleB 1 Hojlee) -
PafMOHYK/IMABI lle3us. Paguonoruyeckas 3HaUMMOCTb PaJUOHYK/IMIOB OMpeesieTcsi UX
KOJIMYeCTBOM, BBIODOIIEHHBIM B OKPYXAWUIYIO CPeNy B pe3yIbTaTe aBapUH, UX
paoualMOHHBIMH XapaKTEPUCTHKAaMHU M CKOPOCTBIO NONaJaHUs B OPraHU3M 4Ye/loBeKa M3
oKpyxamleH cpebl. Mom M 11e3Mi OTHOCATCA K JIETYYUM 3/leMeHTaM (IpH LUTAaTHBIX
TeMIepaTypaXx paboTel peakTopa), ¥ BO BpeMs aBapuu OHM ObUIM BBIOPOLUIEHB B
3HaYMTebHBIX Konu4yecTBax. bonee Toro, o6a 3Tu paguoOHYKAHMAA NOOBUXKHBL B
OKPYXAIoIleit cpefe M Jerko BKJIKYAWTCA B MyTH MeTabonusma denosexa. Ocobyio
Ba)XHOCTb MpeNCcTaBAAIT Te paduOHYKIUAbI, KOTOpble B OCHOBHOM ONpeNe/AIn H
NPOLO/IKAIOT OIIPENE/NATh CPefHIE N0 LIUTENbHOCTH U [UIUTe/IbHbIE (HECKOIBKO MeCALIEB
M IOJbIUE)IOC/NeNCTBUs aBapun. Mcxonsa us aToro, ATaac 6pU10 pelieHo MOCBATHTD
3arpsA3HEHUIO PANMOHYK/IMIAMHU L[e3Hd, B 0COOeHHOCTH, 1e3ueM-137 H B HECKO/NBKO
MeHbIIIel CTelleHH - nesueM-134. Takxe paccmarpuBaercs 3arpssHeHue pagUOHYKIUIAMH
CTPOHLMSA U IUIyTOHHUA; XOTA MX PafHOIOTHYecKas 3HAYUMOCTh mocie YepHOObIILCKOM
aBapMHM Maja [0 CPABHEHMUIO C Ile3MeM, OHU YacTO BBLI3BIBAIOT MHTEPEC U BK/IIOYEHBI B
Atnac ona 6onee nonHoro ocserenus npobiaempl. KapTol sarpsi3HeHUss CTPOHLIHEM U
IUTYyTOHHEM He NOKas3aHbl 111 EBponbr B 11€/10M, a IPUBOAATCA TOMbKO WA HeGOIBIIIMX
TePPHUTOPHIL, 3arPsA3HEHHBIX ITUMH PaiHOHYK/IHAAMM.

B ocnoBHOM TekcTe (pasgensl I-VI) onucbiBaeTca CTPYKTypa M comepyxanue Atiaca, a

TaKXe [JaeTcsl BO3MOXXHOCTb YUTATENI0 CAMOCTOATE/IbHO OL€HUTb PpafiMO/I0THYECKYIO

3HAaYMMOCTb COBPEMEHHBIX YPOBHeH 3arpsAsHeHusa. 3a o6IMM BBelleHUEM CIedyIOT

pasgenol: '

- omnucaHHe aBapuM Ha YepHO6bUIbCKOI ADC U peaklis Ha Hee;

- ONMCaHWe U3MEPEHHBIX YPOBHEH 3arpA3HeHNA Lie3ueM-137, kakuM 06pa3oM aTH
JaHHbIE UCTIO/Ib30BA/IMCh I/IS TOCTPOEHHUA KapT 3arpA3HEeHUA M OL€HKU CyMMapHOro
KOJIM4eCTBa le3Ks-137, BeINaBIIIeTo Ha Bcell TeppuTopur EBpormnbl, a Takke ero
pacnpefesieHHe 110 CTpaHaMm;

- CBeJleHHMs O 3arpA3HEHUH IPYTUMU PaIUOHYKIUAaMU (LiesHeM-134, ctpoHunem-90,
IUTyTOHHeM-239,240);

- JaHHblE, 103BO/IAIOLINE YUTATETIO CIE/IATh BHIBOJbI O pafuOOTHYECKOM
3HAYMMOCTH COBPEMEHHBIX YPOBHEI 3arps3HeHus Le3neM-137 (T.e. HHIUKaTHBHbIE
YPOBHU IOIOBBIX 03 PaflMallU{ OT COBPEMEHHOTO YPOBHA 3arpsA3HeHHA U UX
CpaBHeHHe C IPYTHMH HCTOYHHMKaMH (eCTeCTBEHHBIMH M MCKYCCTBEHHBIMU )
ob1ydeHHst HaceIeHHA).

Kaprtul 3arpsasseHus 1esueM-137 npenctaBasioT co60i OCHOBHYIO 4acTb aTnaca. KapTbl

06 beNMHAIOTCS B TPH NOApPa3fesia B 3aBUCMMOCTH OT MaciuTaba:

- EBpoma - sarpAasHenue EBponkbl B LieoM;

- CTpaHbl M PETHUOHDI - 3arpsA3HeHMe TEPPUTOPHI OTHETHHBIX TOCYHAPCTB U PETMOHOB
Espornbpr;

- OTHelbHble PAaliOHBI - KaPTHI OTAEIbHBIX PAHOHOB C IIOBBIIIEHHBIMH YPOBHAMHM
3arpsi3HeHU.

Bonee Toro, kapTel 06beIMHAIOTCA:

- 0 METEOPOJIOTHYECKOH CUTYallMU BO BpeMs aBapuu;

- O pe/leBaHTHBIX reorpadnyeckux U gemMorpaguaeckux XxapakTepucTHKax EBpornsbr.

B nerenpe oTpakeHsl Bce KapTorpagudueckie CHMBOJIBL H PafHOI0rMYecKas HHpOpMaIH,

ucnonbsyemas B AT1ace. OHH Haxo4ATCA B Havajie KapTorpaduyeckoii 4acTu.

U, nakonen, ITpunoxenns, KOTOpble, BO3MOXHO, 3aMHTepecyIOT 6ojiee MOATOTOB/IEHHOTO

yurarend. OHU 3aTparuBalOT IepeyHUC/IeHHble HUXKe TeMbI U JO/KHbBI CTOCOGCTBOBATH

60/1ee MOTHOMY IOHHMAHHIO TOTO, KaK IIPOBOOWINCh U3MEPEHHUs, KAK UX Pe3y/AbTaThl

MCII0/Ib30BAMHCh I/ COCTABACHUSA KapT; Tak>XKe MNPHUBOOUTCS ONMUCAHHE PasTMYHBIX

ABJIEHMH, KOTOPble MOTJIH NOBIUATH Ha (DOPMUPOBAHUE MIATEH 3arpA3HEHHA:

- MeTeOpOo/IoTHYecKas CHTyalus BO BpeMs Bbi6poca B atMocdepy ([Iprnoxkenue A);

- KpaTkasA MHbopMauusa 06 HCHOMb30BABLUMXCA METONMKAX U3MEPEHUIT 3aTPA3HEHUS
uesueM-137 (Ipunoxenre B);

- 0030p MeTORUK [IOCTPOEHHA KapT 1o co6paHHbiM AaHHbM ([Ipunoxenus C u D);

- CIpaBOYHbIE KapThl - IVIOTHOCTH Hace/leH A, 3eMJIENI0b30BaH N, [I0YB,
runcomerpudeckas (ITpunoxenue E);

- [ONOMHUTEbHbIE CBeJeH!A 06 MCTOYHMKAX HHPOPMALHH H JIHIIAX, e¢
npegocraBuBLnX ([Ipunoxenus F u G);

- cnucok Tabnuu u pucynkos ([Tpunoxenne H).
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II. Theaccident at the Chernobyl Nuclear Power Plant
A. Description of the accident

At the beginning of 1986 some 14 RBMK pressure tube reactors were being operated in the
former Soviet Union; each had a capacity to generate 1,000 MW of electricity. Four of these
reactors were in operation at the CNPP which is located in northern Ukraine, some 130 km
north-east of Kiev and 18 km north of the town of Chernobyl. The borders of Belarus and
Russia are about 12 and 140 km from the power plant, respectively.

The reactor unit No 4 at the CNPP began operation in December 1983 and was destroyed in
a major accident on 26 April, 1986. The accident resulted in the release to the atmosphere of
a substantial fraction of the more volatile contents of the reactor core. The magnitude of the
release far exceeded that of previous accidents at nuclear reactors (ie, Windscale, UK in 1957
and Three Mile Island, USA in 1979) and also that in the accident at the industrial complex
“Mayak”, USSR in 1957 [1].

Figure 11.1: The damaged reactor
Puc. [1.1: Paspyuwennsii peakmop

Based on the results of numerous investigations (eg. [2-5]) there is now general agreement
that the main cause of the accident was deficiencies in the design of the reactor; these were
compounded by errors made by the operators including serious breaches of the safety rules.
As a consequence of these design deficiencies and operator errors, a large and almost
instantaneous increase occurred in the reactor power at 01:23 h (Moscow time) on the 26
April, 1986. Two subsequent steam explosions destroyed the reactor, the reactor building
and the machine room. The upper reactor cover, weighing 2000 tonnes, was displaced to the
upper part of the reactor well at an angle of 15° with the vertical and the reactor core, per se,
(fuel, graphite, moderator, etc) was ejected from the well mainly to the reactor room [6].
Concrete, graphite and debris heated to very high temperatures escaped through a hole in
the roof of the building leaving the reactor core exposed to the environment. Flames and
ejected material spread fire to 30 locations around the adjacent reactor (Unit No 3) and
turbine buildings [6].

The two thermal explosions were the cause of the initial release of radioactive material to the
atmosphere, in the form of a cloud several kilometres high that was subsequently dispersed
in the form of a plume. This release was both large and energetic and resulted in some of the
material penetrating, and being dispersed above, the atmospheric boundary layer
{approximately 1200 m) [7]. The exposed reactor core and, in particular, the subsequent
burning of the graphite moderator were a source of continuing release of large amounts of
radioactive material (in the form of gases, aerosols and particulates) to the atmosphere. The
fire in- the graphite moderator, which was maintained by the substantial amount of energy
released from the decay of fission products in the residual core material, was eventually
stopped after ten days and resulted in a large decrease in the amount of radioactive material
being released to the atmosphere.

Over this ten day period, due to the changing wind direction, the released material was
widely dispersed and deposited across much of Europe, The largest amounts of material
were deposited in Belarus, Ukraine and Russia but deposition occurred in most countries
within Europe, albeit generally at appreciably lower levels. Some of the material was
dispersed throughout the Northern hemisphere and was detected as far away as Japan and
the United States, but at very low levels,

The radiological situation in the former Soviet Union was investigated by ten aircraft and
helicopters equipped with dose rate meters and gamma spectrometers. Air and soil samples
were analysed in chemical laboratories. The amount of radioactive material deposited over
the European territory of the former Soviet Union by 5 May amounted to about 3.5% of the
total radioactive content of reactor core, The release of different elements varied according
to their volatility; a few tens of percent of the more volatile elements (eg, iodine) were
released whereas the release of the more refractory elements (eg, plutonium) was, at most, a
few percent [6-8]. The radioactive material deposited on soil comprised a very large number
of different radionuclides created in the fission process or by activation of reactor materials.
Some of the more radiologically significant radionuclides that were measured in the
immediate aftermath of the accident include: zirconium-95, niobium-93, molybdenum-99,
ruthenium-103, ruthenium-106, tellurium-132, iodine-131, iodine-132, barium-140,
lanthanum-140, cerium-141, cerium-144, caesium-134, caesium-137, neptunium-239, etc.
[8]. Transuranic radionuclides, plutonium-238, -239 and -240 were also measured in soil
samples and subsequently americium-241 and curium-242 and -244 |7]. The composition
of the deposited radionuclides varies with direetion from the reactor reflecting, mter alia,
the changing composition of released material as the accident progressed.

II. Asapus na YepHOOBIIBCKON ATOMHOM 3MEK TPOCTAHIHH

A,  Ommcanne aBapuu M BeIOpoca pagHoOaKTHBHOCTH

B mauane 1986 r. 8 Coserckom Cowase patorane 14 peakropos tuma PEMEK
aeRTpHueckol Mowpocteio 1000 Mer kaxnsit. Yerkipe peakTopa Takoro THIA paboTano
Ha YAIC, pacnoio-xenHoN Ha cesepe Yrkpaunnl, B 130 kv na cesepo-socrok ot Kuesa u s
18 kM k cepepy ot r.Mepnoboine. 'panuus Benapycu u Poccuu pacnonomenst
coOTBETCTEEHHO B 12 1 140 kM OT ailekTpocTanimMy. '

IMyck verseproro Gnoxa MAIC cocroanca B nexabpe 1983 r., a 26 anpenn 1986 r. on Gl
paspylieHn B pe3yabTaTe THMENON apapuu. ABapuA npupesa k swfipocy Ma paspana
peakTopa B aTMocdiepy 3HAVMTENLHOrO KOJHYECTEA rNMaBEBIM 00pa3oM AETYyUHX
paguoaktHBHbX pewecrs. Beanunna smbpoca namuoro npesso-wia subpocs o1 -
NPelBIYIHE aBapPHil aTOMHBIX peaxTopos: 8 Yuunckeine (Benukobpuranna, 1957 r.),
Tpu Maitn Afaanne (CHLA, 1979 r.), Ha npomel-mmnensom Komnaexce «Maag»{CCCP,
1957 r.) [1].

IMo HTOraM MHOTOMHCIEHHBIX HCCTEAOBaHW [2-3] cloMHAOCH YCTOMUNBOE MHEHHE, YTO
rNaBHbIMH MPUYHHAMH aBapuy Oblnu: onpencieHHOE HeCOBEPILEHCTBO KOHCTPYKLHH
pPedkTOopa; CWHOKH, JONYIEHHEE ONEPATOPAMH, BEAIDYAN HAPYIEHHA HPABHI
GeaonactocTH. B peaynwrare crevuenua atux ofcroarensers 8 01w, 23 M. 40 ¢ 26 anpenn
1986 r. (BpeMsa MOCKOBCKOE ) HAYAIOCh KaTacTpouyuecki GLICTpOE YBEMHYEHHE MOLIHOCTH
peaxrtopa, pa NocieloBaBIIHX 34 3THM TEMIOBLIX B3PHBa OPHBEIH K PaspylleHHio
PeakTopd, PEAKTAPHOrO GI0Ka 1 MAIHHHOrE 3ana. [TpH 3T0M BepXHAA KPbIlLK] peakTopa
secosM okosio 2000 T oxasanack Ha BepxHell YacTH WAXTE! PeakTopa non yraoM 150 x
BEPTHKANN, & CAMa SKTHBHAA 30HA (TenaoBnnendiomye cooprn 1 rpadurosan Kiamnka)
BLIOPOIIEHA M3 IIAaXThl, B OCHOBHOM, B PEaKTOPHWIR 3an [6]. Packanennwie oGnomen
Gerona u rpadiTa MPOHNKAIH HAPYMKY YEpPes 0TBEPCTHE B KpPhILIE 3TaHHA, TIPH 3TOM U3
AKTHBHOI 30HBI PEAKTOPE NPOHCXOAHA BLIOPOC PAIHOHYKAHAOE B OKPYAQIOLLYIO CPeny.
Buifpoc ropamnx ofloMKos i A3LIKOR NNaMEHH PHEEN K BOSHUKHOBEHmo emte 30
OuATOB MTOXKaPa BOKPYT cocenHero peaktopa (3-ro Gnoka) m TypOutubix Gmokos [6].

,H'Ii'& TEMNNOBRIX I'l:iphlliﬂ II(]EJI}'?KI-!.III! ]'IPI{‘IIIIJ.L‘!IIHI HAMAABHOTO ]!l:lﬁpﬂl.".‘l P'.Ul]i['.l'JKTH!I]iUI.'Tl'I H-
armoctepy - sHauase 5 hopMe ofnaka, pACHIPOCTPAHABILIETOCH HA BLICOTE B HECKOMBKO
KH/IOMETPOR, 3aTeM paccedBawllas B (popMe ¢TpyH. MOIWHBIA B KOAHYECTBEHHOM H
JHEPTETHYECKOM OTHOMEHHH I]-I:Iﬁp{]f NPHBED K JTTONAJEHHK B IlPP‘I:iEMIH:lf-'I CITOM
ETMGE(’]EPLI H PacCeHBaHHID B Hel PAIHOAKTHEHBIX NPOIYKTOB; HA HaYalbHBIX CTAOWMAX
HBAPHH PAAHOAKTHEHAR CTPYA NOAHHMAIACh 10 BeicoTh Bonee 1200 M [7]. Coxpanenne
DTKP]-[TGIH AKTHBHOM 30HLI peaxkTopa #, B UCDEIE'I]I{DETI[. I'I}'lUle?lHﬂliﬂLlJ,l'lfiCFl noxap
rpaduTOROI KNAAKKH ToANep:KHBaTH Buifpoc B aTMocdepy GONLIIHY KOMHUECTB
PAAMOAKTHBHBIX NPOAYKTOR B BHAC rasoe, aaposonen n makpovacruu. [Moxap
rp‘dﬂl:ll[TDBUﬁ KINalKH, ﬁUJlJ]Ep)-KHBElEMbeI AHAUMTENBHON EEIEFHIL‘}-I. BBIAeTABILeNCH npw
MpONOKABIIIEMCA pdcane palHOHYRMHAOB, HAKOIMHBHINXCA 33 KaMITAHHK peakTOoOpd,
sakoHvMAcH yepes 10 gueR, JHMEKBHAAUMSA NMOMKAPa NPpHBEAA K 3HAYHUTECALHOMY
YMEHBLIEHHIO BHIGPOCA paaHOAKTHBHOCTH B atMocdepy.

Figure I1.2: Construction of the sarcophagus
Puc. I1.2: Coopywenue capxoghaza

B TeueHme NepBBIX AECATH CYTOK BHIGPOIEHNBIA B aTMochepy MaTepuan B Gopme CrpyH,
HENMPEPLIBHO MENABINEN CBOE MCXOAHOE HanpapfienHe, CREAYA Hallpasneniin BeTpa,
ILHPOKO PACTPOCTPAHUICA HAA TeppHTopuell Goakwer vacTn Epponw. Hanbonee
MHTEHCHEHBIMM OBLIM €10 BHINAnCHus Ha Tepputopny Benapycu, Yipanusl 1 Poccus,
OHHAHO, BEITIAAEHHA HMEIH MECTO B OONBIIHHCTHRE CTPaH Eﬁpﬂﬁb]. XOTH, B HeaoM, YPOBHH
FATPAIHCHHAA TaM OUIYVTHMO HHEKE. HEKGTU]JOE‘ KOQIHYECTEO PATHOHYEAHIOR GRLIO
PACCEAHO 110 BCEMY CEBCPHOMY NONYILAPKMIO; B OMEHD Ma/lbiX KOJHYECTBAX OHH OBLIM
DEIH'.]P}'}-{{E[-IIJI. Aadce B AoHMH |1 CGEJHHE‘IIHMK Hrarax.

Pannanmonnan obcranoska 8 Owisuren CCCP maywanaces ¢ mcnoassosanxem 10 Bepro-
ACTOB H CAMOANCTOB, UGUPJ"HUBEHHHK PEHTICHOMETPHYECKON B raMMa-CnexkTpo-
METPHYECKDN atnapatypoin, B xnmvuyeckinx aabopaTopHax aHAIHIHPOBLTHCL Poisl NoYME
K BOanyxa. KoapwvecTo paainoakTHBHOIO MaTepHanad, BHIMABIIETO HA TEPPHTOPHH
enponeickoil yactH Guswero Coserckoro Cowasa k 5 Man 1986 r. ouenunaercs
npuMepHo B 3,5% cymMMapHoi paaHOaKTHBHOCTH M3 AKTHBHON 30Hb peakTopa. Bunbpoc
pasnuutblix 9AEMEHTOB ONpPElE/ANCH HX NeTyHecThio; Bubpoc HanGonee NeTyUHX
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nature and extent of radioactive material in the environment and provided essential information
patterns of deposition which were very uneven. Measurements and assessments of the levels of
radionuclides in the environment and dose rates were made from the very beginning of the
accident and continue, albeit at lower frequencies, to this day. These measurements delineated the
for managing the off-site consequences of the accident. Released material was dispersed beyond
the borders of the former Soviet Union within about a day of the accident occurring and was
detected subsequently in most European countries.

B. Response to the accident

The off-site response to the accident locally was rapid. The town of Prypiat, some 4 km
away, was closed within a few hours and people instructed to shelter indoors. Iodine tablets
were subsequently distributed by volunteers from home to home. The town of Prypiat
(44,500 inhabitants) was evacuated by 14:00h on 27 April (by means of some 1,200 buses,
1,700 private cars, and 3 special railway trains). The rest of the population within a radius of
10 km of the CNPP was also evacuated progressively within a few days [4]. On 2 May, the
Governmental Commission passed a Resolution based on a map of the radiation situation
within 100 km of the CNPP. The evacuation zone was defined as an area within a radius of
30 km around the plant plus other areas where the dose rate exceeded 50 pSv h-! (5 mrem h-1)
(normalised to 10 May, 1986). The evacuation of the population from this zone began on 3
May. By the end of 1986 inhabitants from 188 settlements (including the town of Prypiat)
had been evacuated, in total some 116,000 people. Simultaneously about 60,000 cattle and
other farm animals were evacuated from the zone. Thousands of apartments were made
available in Kiev, Zhitomir, Chernigov and in other towns to house the evacuees; in
addition, 21,000 new buildings were constructed in 1986 in rural areas for the same purpose
(4].

During the evacuation of the 30 km zone, various preventative and decontamination
measures were taken (particular attention was given to the decontamination of cars, roads
and road sides). To prevent high levels of radionuclides being transferred to rivers feeding
the Kiev reservoir, some 140 dams and dikes were constructed and the banks of all rivers
close to the CNPP were diked. The underground space below the NPP site was contained by
a “wall in the ground” with a depth of 29-32 m (the impermeable clay layer) and a length of
2.3 km to prevent the flow of contaminated water into the Prypiat river and subsequently
into the Dnieper river. To protect underground water against contamination and to prevent
the flow of contaminated water from the cooling pond to the Prypiat river, various
underground drainage systems, several tens of kilometres in length (including wells), were
constructed.

Various criteria were established by the Soviet authorities, based on input from a wide range
of leading specialists in the fields of radiation medicine, nuclear geophysics and agricultural
radiology, to manage the consequences of the accident in its initial and later phases. These
criteria and their evolution are described in [17,18]. Among the more significant criteria
adopted in the early phase were the following dose rates (normalised to 10 May) for the total
exclusion or prohibited zone (>200 uSv h! (>20 mrem h-!)), for evacuation of the whole
population (>50 pSv h-! (>5 mrem h-1)) and for partial evacuation (30 - 50 uSv h-! (3-5
mrem h-1)). On 10 May, 1986, the extent of the exclusion and evacuation zones were 1,100
km? and 2,940 km?, respectively. The area of the former Soviet Union contaminated at
levels above 2 pSv h-1 (0.2 mrem h-!) was about 50,000 km?2 [8]. In May 1986, criteria were
established, inter alia, in terms of ground contamination by long-lived radionuclides, in
particular for caesium-137 (555 kBqm (15 Ci kim2) - initially a value of 7 Ci km2 was adopted),
for strontium-90 (111 kBqm2 (3 Ci km2)) and for plutonium-239 and 240 (3.7 kBq m2 (0.1 Ci
km-2)) [17]. The criteria (eg, limits on annual and lifetime doses, ground contamination,
concentrations of nuclides in foodstuffs, etc) evolved over time, generally becoming more
restrictive [4,18]. The criteria summarised in Table II.2 were established by the former
Soviet Union to manage the affected territories; they were subsequently adopted in Belarus,
Russia and Ukraine, albeit with some refinement over time in how they are implemented.
These criteria are also used as the basis for payment of compensation to those continuing to
live in these areas.

Table I1.2: Definition of the various zones used to control exposures
Tabnuya I1.2: 3oubl KOHMPOS 3G 06/yHeHUEM HACENEHUS

Zone Caesium-137 deposition
3ona i 3arpasHeHue uesueM-137

(kBq m-2) (xBx/ xB. M) (Ci km-2) (Ku/xs. KM)A

Occasional control 37 - 555 1-15
30Ha nepHOIHYECKOTO KOHTPOIA

Permanent control 555 - 1480 15 - 40
30Ha NOCTOAHHOTO KOHTPOIA
Strict control > 1480 > 40

3oHa XeCTKOT0 KOHTPOIA

In the very early stages of the accident the main sources of radiation exposure were inhalation
of, and external radiation from, the passing cloud of radioactive material. Inhalation of
iodine radionuclides, (eg, iodine-131 and iodine-133), which result in the exposure of the
thyroid, was one of the more important exposure pathways initially; exposure via this
pathway was, for some people, mitigated by the timely issue of stable iodine tablets. Ingestion
of iodine in contaminated foodstuffs (especially milk) proved to be a major source of
exposure in those areas where restrictions on foodstuffs were delayed. High doses were
received by many children among whom a large excess of thyroid cancers is currently being
observed (more than one thousand cases to date). Several months after the accident,
deposited caesium-134 and -137 became the major sources of exposure of the population;
with time the importance of caesium-137 relative to caesium-134 increased, due to its greater
half-life, and it now largely determines the overall levels of exposure, both internal and
external. The contribution of other nuclides (eg, strontium-90 and plutonium-239 and -240)
to the exposure of the population in the medium and longer term is, especially beyond the
evacuation zone, small by comparison (ie, at most a few percent of that from caesium-137

BbIBEEHO 60 TbIC. T0/I0B KPYITHOTO POraToOro CKOTa M APYTHX CelbCKOXO3AHCTBEHHBIX
XUBOTHBbIX. B Kuese, )Kutomupe, YepHurose M npyrux ropofiax 3BakKyMpOBaHHbBIM
XHTeNAM OBIIU BHINENCHBI ThICAYH KBApPTUP; KPOME TOTO, B 1986 r. mis Hux 6bina
TIOCTPOEHA 21 ThIC. IOMOB B CEJILCKOM MECTHOCTH [4].

Bo Bpems sBakyalluu Hace/1eHHs 6bIIH IPHHATH PaslTHYHbIE IPEBEHTHBHBIE MEPBI H Mepbl
no ge3akTUBalLUH (ocoboe BHUMaHMe ObIIO yOeN€HO Ae3aKTHBALIUM aBTOMOGHIENH,
aBTOmOpPOr M 0604MH nopor). IIns npeno-TBpalleHHs 3arpsi3HEHHsT BOMbI, IEPEHOCHMOI B
PeKH, muTapomue KiieBckoe BOOOXpaHHIHILE, 6bUTO NIOCTPOeHO 140 naM6 M rioTHH, 6epera
Bcex Onmxanmux K YASC pex 6buin ob6BanoBaHbl. KpoMe Toro, nonseMHoe npocrpa-
HcTBO nofn naomankoin YADC no ray6uHBI, [O-CTHrawIell BOLOYIIOPHBIX [THHHUCTBIX
TIOpol, 6bLJI0 OrPaXKAECHO «CTeHOM B IPyHTe» IyOMHOM 29-32 M M [UIMHOM 2,3 KM JUIS TOTO,
4TO6BI IPEAOTBPAaTUTDh MOCTYIUIEHHE 3arpsA3He-HHbIX BOI B p. [IpunaTh H, nanee, B xenp.
s oXxpaHbl MOA3€MHBIX BOJ OT 3arpA3HEHHS, a TaKXKe NPEeJOTBPALUEHHUA IOCTYIUIEHHA .
3ar pA3HEHHBIX BOJ NpylJa-OXJIamuTed B p. [IpUNATH 6bIIO IOCTPOEHO HECKONBKO CHCTEM
MOJ3eMHOTO IpeHaxka JYIMHOM B NECATKH KWIO-METPOB, BK/IIOYas CKBaXXHUHBI.

Bnactu Cosetrckoro Coro3a, IIMPOKO NpHBIeKasA BEOYLIHX CIIEIHATUCTOB CTPAHbI B
06/1aCTH pagHauMOHHON MEIULIMHBI, ANEePHOM Ire0(U3IUKH H CENbCKOXO3AMCTBEHHOM
PanHONOTHH, YCTAHOBWIN Pa3/IMYHble KPUTEPUHU 18 60pbOBI € MOC/IENCTBUAMH aBapHH Ha
ee paHHelt U 6oJlee MO3OHUX CTafMAX. DTH KPUTEPHM M MX OLEHKHM noapobHo
OMMCBIBAIOTCA B pane mybnukauuit [17, 18]. Cpeny HUX K Hanbo/ee paHHHM H Ba>KHBIM
c/lefyeT OTHECTH PEIlIeHHA O 30HaX OTYY>KAeHMA (C YpPOBHAMM pamuauuu > 200 (3B/gac
(>20 mP/4ac) Ha 10 mas 1986 r.), otcenenus (>50 (3B/4ac (>5 MP/4ac) Ha 10 mas 1986 1.)
M 9acTHYHOro orcenenua (30-50 (3B/4ac (3-5 mP/yac) Ha 10 mana 1986 1.). Ha 10 mas 1986
T. IJIOLLAAM 30H COCTABHJIM: OTYY>XAeHHA - 1100 KB.KM, oTcesieHHs - 2940 KB.KM, TOTa KaK
Ha Ty e JaTy 3arpssHeHHasi Bbibpocamu YADC reppuropus CCCP ¢ yposHamH 6onee 2
(3B/4ac (0,2 MP/4ac) okasanace paBHO# npuMepHO 50 ThIC. KB. KM [8]. B Mae 1986 r. 6putn
YCTaHOB/IEHbl KDUTEPUH Npele/IbHOTO 3aTpPA3HEHUA MECTHOCTH JONTOXHUBYIIMMH
PaqjMOHYK/IHMIAMH: B YaCTHOCTH, IO Le3HI0-137 - 555 kBk/kB. M (15 Ku/kB. kM, nepso-
HayaneHo 7 Kn/km?2), crponumio-90 - 111 xBx/xB. M (3 Ku/km?2), mo TUTYTOHH10-239,240 -
3,7 xBx/xB. M (0,1 Ku/xm?) [17]. KpuTepuH BbiiesieHHs 30H (HampuMep, NpefeabHble
OO30BbI€ HAarPY3KHM B TeY€HHE rojla WIH BCell >XM3HH, NOPOTOBble YPOBHH 3arpsA3HeHUs
TEPPUTOPHH M KOHLIEHTPAallMM PaJHOHYKJIHIOB B IHIIEBLIX NPOAYKTaX U T.A.) CO
BpeMEHEM MEHANUCh B CTOPOHY 6oblllero y>xectodeHus [4, 18]. Kpurepun, npuseneHHsbie
B Tabnuue I1.2, 6611 NpuHATH B 6b1BuIeM CoBeTckoM Colo3e I OpraHU3alUU
yHOpaB/leHHA Ha MMOCTPAafaBUIMX TEPPHTOPHAX; BIIOCAEACTBMU OHHU ObLIM NPUHATH B
benapycu, Poccun u Ha YkpaMHe, ¢ HEKOTOPBIMH He3HAaYHUTENbHBIMH Pa3sIHYHAMHU B
TPe6OBaHUAX K MEPOIPHATUAM, ONIPENE/IsieMbIM HMH. DTH KPUTEPHUH TAK)Ke [10I0XEHbI B
OCHOBY OIlpefie/IeHUA Pa3MepOB KOMIIEHCAllUOHHBIX BBIMJIAT Te€M, KTO NMPOAOJIKAET
NPO>HBaTh Ha 3arpsISHEHHBIX TEPPUTOPHAX.

Ha caMpix paHHUX CTagMsX ToOcC/le aBapMM UCTOYHHKaMH paJHallMOHHOTO BO3OENCTBUA
66114, B OCHOBHOM, BHYTPeHHee (3a cYeT BIObIXaHHA) U BHEILIHee 06nydeHHe (OT
NpOXOJAIILEr0 paJuOaKTHBHOIO 06/1aka). BabixaHHe OTHOCUTENbHO KOPOTKOXXHUBYIIHX
H30TOINOB MoAa (HanpuMmep, uopa-131 u Mona-133), KoTophle NEHCTBOBAAMU Ha
IIMTOBUAHYIO >Xeje3y, O6bl/IO ODHUM M3 OCHOBHBIX (JaKTOPOB NMEPBOHAYa/IbHOTO
BO3JeHCTBHUA; TAKOro pona BO3JeHCTBHEe BO MHOTHX C/Iy4YyaAaX YMEHBIIANOCH NPH
CBOEBPEMEHHOM IPUHATHH Tab/JeTOK CTabUIBHOTO MOMA, MO KpailHeil Mepe, YacThIo
HaceneHusn. [lonaganue pafMOM3OTONOB HOJa B OPraHM3M ¢ nuuiei (0COHEHHO ¢
MOJIOKOM) OKa3ajl0Ch B HEKOTOPbIX paliOHaX OCHOBHBIM HCTOYHHUKOM OO/Ny4eHMS, B
pesy/nbTaTe 4ero yepes HEKOTOpoe BpeMs ObUIM MPHHATHI OTPaHUYEHUS Ha ynoTpebieHHe
TAaKMX MHMILEBBIX MPOAYKTOB. BrlcokMe no3bl 06/ydyeHHs 6BUIH MOJNy4eHBl MHOTHMH
IeTbMHM, y KOTOPBIX B HacTosflllee BpeMms HabmomaeTcsa 60/blIoe YHCIO 3a60/1€BaHHM
PAaKOM IIIMTOBUIHOI >Kese3bl (60Jlee THICAYM CTydaeB Ha CerofHs). B TeyeHne HecKOMbKMX
MecAlleB M0C/Ie aBapHM BblNaBLIME Le3Uii-134 u -137 He 6bUIM IIABHBIMU UCTOYHHMKAMH
o6ydeHMs HaceleHus (MX BxIapm coctasaan ~10 % [7]), co BpeMeHeM OTHOCHTENbHAA
3HAaYMMOCTh Le3Ms-137 Bo3pocia 3a cyeT 6oyblIeN NIHUTEIBHOCTH NePUOLA €TO
monaypacrnana, M B HacTosAlllee BpeMs 3TOT PafyOHYK/IHI omnpenenseT GopMHpOBaHHe
IO03bl KaK BHELIHEro, TaK M BHYTPEHHETO OGIydeHHs, INTaBHbLIM 06pa3oM, 3a mpenenamMH
30HBI OTCeneHuA. B 6aMxaiireM U 6oslee OTHAJeHHOM OyaylieM BKJaa APYTUX
IO/NTOXUBYIIHX PafHOHYK/IMIOB, BKIKOYas TYrolaaBKHe (HampuMmep, CTpOoHLUMA-90 U
IUTyTOHMA-239,240) B 06ydeHHe HacejeHHUa GyoeT CPaBHUTEIbHO HeOO/bIIMM, 0CO6EeHHO
3a 30HOM 2BaKyalluH, (MaKCHMYM - HECKOJIbKO IIPOLIEHTOB OT BO3JECTBHA Le3ua-137 u
naxe MeHee). Takasg 3HaYMMOCTb Le3HsA-137 B onpefeNeHUH CPeHECPOIHOrO U
AONTOCPOYHOTO BO3JAEHMCTBHA OO/NIY4eHHs Ha HacejleHHe OOBACHAET, NToYeMy B ATiace
OCHOBHOE BHHUMaHHe COCPELOTOYEHO MMEHHO Ha 3TOM paJHOHYKIUIE.

[TomuMoO 3arpsAsHeHUs OOGLUMPHBIX TeppUTOpHIt GriBliero Cosetckoro Corosa [19,20],
3HaYMTe/bHble IUIOLIAfH ObUIH 3aTPASHEHH] U BO MHOTHX NPYTMX CTpaHax EBpomsi (B
HEKOTOPBIX C/Iy4dasiX YPOBHM 3aTpA3HeHMs, HabloJdaeMble TAM Ha CPaBHUTENBHO
He6ONMBIIHX TUIOLIANAX, MpeBbllnaloT 100 xBk/kB. M, win 2,7 Kn/kB. KM). DTO BBI3BajIO
HEOO6XONMMOCTh pa3dpaboTKH NMPOTpaMM MHTEHCHBHOTO MOHHUTOPHHIA, OCOGEHHO B
CTpaHax, Irje HabmoJanuch TaKHe YPOBHHU 3aTpA3HEHHs, HalIpUMep, B CKaHIMHABHH,
ANBIIUACKOM pernoHe U I'peliyy. YPOBHHU 3arpsA3sHeHHs M3MEPSIUCh C HCIIONb30BaHHEM
Pa3JIMYHBIX METOIHUK, BK/IIOYaA KaK OT60p Npob MOYBLl C MOCAEAYIOLUIUM U TaMMa-
CIEeKTPOMETPHUYECKUM aHAIH30M, TaK M raMMa-CHEKTPOMETPHIO in situ ¥ AUCTaHLIHOHHYIO
raMMa-criekTpoMmeTpHio (cM. Ipunoxenue B). B ocTanpHbIX cTpaHax 3arps3HeHHbIe
MPOLYKTHI ITUTaHUA NPeNCTaBAsAIN 60/NbIUYIO, HO He eAMHCTREHHYTO NpobaeMy (HanpuMmep,
B [Tonpuie cpeny NMoTeHIMANbHO MOCTPaJaBIIEro HaceJeHHUsA B LIEHTPAaTH30BaHHOM
MOpAAKe paclpoCTPaHAACA CTaBUIBHBIN HOI OIA CMATYEHHUA NMOCAEACTBHII BOBIXaHHUA
PajMOaKTUBHOrO Hona). B HeKOTOpHX cTpaHax ObUIM BBeNeHbl OrPAHMYEHUs HA
NpOAYKTHl MUTaHUA (HampHUMep, Ha MOTpebGleHHe MOJIOKA B NepPBble HENENH IOCNe
aBapuH). B page ciyyaeB 3TH orpaHHYeHHs (HampHMep, Ha IMPOAYKUHIO OBLIEBOACTBA B
HEKOTOPHIX paitloHax Bennko6pHTaHHH, HA NPOAYKIMIO OJN€EHEBOACTBA B HEKOTOPBIX
paitoHax crpaH CeBepa) OCTAaBaTHCh B CHJIE IIOYTH B TedeHHe 10 jieT mocsie aBapuu, XOTs U
Ha MEHBIIHUX TEPPUTOPHSAX 110 CPaBHEHHIO C TEPBOHAYaIbHO BbIOpaHHBIMHU. B pasnuyHbIx
CTpaHax NPMMEHAHMCh COBEPIIEHHO paslMYHble KPUTEPHH I KOHTPOJIA 3a NPOLYKTAMH
TIMTaHHUA, YTO NPHBEIO K BOSHMKHOBEHHIO OOECTIOKOCHHOCTH U 3aMeluaTe/IbCTBa Cpelu
UIMPOKHMX C/I0€B HaceneHUs. TeM He MeHee, ¢ Tex nop 6pUIH BEIPabOTaHBl LIHPOKO
NIpM3HaHHbIE TPe6OBaHMA K MEeXIYHapOAHOI TOProBje NPOAYKTaMH MUTaHUA (HanpuMep,
Kopekc npogykroB nutanus, EK) [21-23].
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and often less). The overriding importance of caesium-137 in determining the medium and
long term exposure of the population is the reason why it is the focus of this Atlas.

In addition to the major deposition of radioactive material that occurred on the territories
of the former Soviet Union [19,20], many countries in the rest of Europe experienced
significant fallout from the accident (in excess of 100 kBq m-2 (2.7 Ci km-2) in some cases,
albeit over limited areas). This resulted in intensive monitoring programmes, especially in
those countries where higher values of deposition were observed eg, Scandinavia, the Alpine
region and Greece. Deposition was measured by various techniques including soil sampling
and gamma spectrometry, both fixed and mobile (see Appendix B). Contamination of
foodstuffs represented the major, but not sole problem in these other countries (eg, stable
iodine was administered to potentially affected populations in Poland to mitigate the effects
of the inhalation of radioactive iodine from the dispersing radioactive cloud). Restrictions
were imposed on foodstuffs in several countries (eg, for milk consumption in the first weeks
after the accident). In some cases these restrictions (eg, on sheep in parts of the United
Kingdom, on deer in some parts of the Nordic countries) remain in place more than a
decade after the accident, albeit over decreasing areas with time. Disparate criteria were
used to control foodstuffs in different countries and this was a source of much confusion
and concern for the general population. Broadly agreed criteria for the international trade of
foodstuffs have, however, since been developed (eg, Codex Alimentarius, EC) [21-23].

III. The deposition of caesium-137 on the territory of Europe

A. Introduction

The main content of the Atlas, the maps of caesium-137 deposition on the territory of
Europe, are described in this section. Consideration is given to the situation just prior to
and immediately after the CNPP accident. Just prior to the accident the deposition was
mainly a result of fallout from the testing of atomic weapons in the atmosphere; these
deposits occurred predominantly, but not exclusively, in the mid 1950s and early 1960s. In a
few localised areas, enhanced levels (ie, enhanced relative to levels typical of global fallout
from atomic weapons) of deposition existed due to accidents other than at the CNPP, eg,
the accident that occurred in 1957 at the industrial complex “Mayak” in Russia [24], and as
a result of discharges to the environment from nuclear installations, eg, liquid effluents from
the fuel reprocessing plant at Sellafield in the United Kingdom.

The basic data and the methods used to process them into the maps presented in this Atlas
are summarised. More detailed descriptions of both the data and methods can be found in
Appendices B - D; these are likely to be of interest to the more specialist reader. The maps of
caesium deposition are presented on three geographic scales: European, national/regional
and local. A number of the more prominent features of the maps are highlighted in order to
illustrate points of potential interest to the reader.

The maps of deposition have been used to estimate the total amount of caesium-137
deposited on the territory of Europe as a result of the CNPP accident and its distribution
among the affected countries. Comparisons are made with estimates of the total amount of
caesium-137 released in the accident.

B. The basic data

The data which underlie the maps are summarised in Appendix B and their origins are
indicated in Appendix G. Each data point comprises one or more measurements attributed
to a single location. For settlements which have been the subject of extensive surveys (eg, in
the more affected areas of Belarus, Ukraine and Russia) hundreds, in some cases thousands,
of measurements may have been attributed to a single location.

Most of the data have been provided by or through national contact points in each country
who were responsible for the quality and validity of the data. Consequently, validation of the
data by the project staff was fairly rudimentary and essentially limited to the identification
and correction of internal inconsistencies in the data and/or of discontinuities at national
boundaries. Subjecting the basic data to more rigorous validation in future would no doubt
be worthwhile in a scientific context but would be unlikely to alter materially the main
features of the maps presented in this Atlas.

The data are diverse both in terms of their spatial resolution and the type of measurement
on which they were based. The reported levels of deposition are based, inter alig, on
airborne gamma surveys, in-situ measurements of gamma dose rates and spectrometry,
measurements of soil profiles (often to different depths), etc. Each type of measurement has
its strengths and weaknesses which, in a more rigorous analysis, could be taken into account
quantitatively in estimating patterns of deposition. Such analyses, while worthwhile in the
future, were beyond the resources of this project. For the purposes of this study the
assumption was made that all reported data represented the total amount of caesium-137
deposited at the time when and where the measurement was made (apart from a few
exceptions, see Appendix B, Table B.1).

C. Methods used to process the basic data

Maps have been compiled separately on a European, national and local scale from the basic
data on deposition levels. The basic data have been interpolated onto a grid of dimensions 2 by
2 km using an Inverse Distance Weighting (IDW) method. This method and its mode of
application are described further in Appendix D. Isolines of deposition have been constructed
from the interpolated values of deposition in each of the gridded cells. In some cases the output
from the strict application of this method was further refined to take account of additional
information that was strictly not part of the basic data used within the project in the
interpolation process. This additional information comprised the following; firstly, the original
measurements of deposition, as opposed to aggregated data that were available to and used
within the project (in some cases several hundreds or exceptionally several thousands of
measurements may have been aggregated into single points in the data base); secondly, the
quality or reliability of each measurements or type of measurement; and thirdly, characteristics
of the surface on which the deposition was measured or was being interpolated. This additional
information had been used previously in compiling national maps of deposition for Belarus,
Russia and Ukraine and advantage of these earlier analyses was taken here.

III. 3arpsasHenue TeppuTOopHH EBpornbl iesuem-137

A. Bgegenue.

B HacToseM pasnesie NMpencTaBIeHbl KapThl 3arpsA3HeHH TeppHTOpHU EBpomnbl Lie3nem-
137, cocraBaAwIIMEe OCHOBHOE cofiep>XaHHe ATnaca. IJokasana cuTyallusa HeImo-
cpenctBeHHO 10 YepHOOGBUIBCKON aBapUH H BCKope mocie Hee. [JodepHo6bIIbCKOE
sarpsasHeHue 6b110 06YC/IOB/IEHO BbINAAEHUSIMH B p€3y/IbTAaTe HCIBITAHHH ANEPHOTO
opy>xus B atMocdepe. JTo sarpsasHeHHe cQOPMUPOBATOCH, B OCHOBHOM, B cepeuHe 50-X -
Hayase 60-x rr. B HekoTOpBIX He6O/MBLIMX IO TUIOLIANH parioHax EBpomnbl 3arpssHeHwue,
MOBBIIIEHHOE OTHOCHTENBHO YPOBHEM, TUIIMYHBIX 1A IJ106a/IbHBIX BBINALEHUH, BbI3BAHO
He YepHoOb11bCKOIT aBapuelt, a BbI6pocaMH ANEpHBIX YCTAHOBOK WIM NMpeflpHATHI B
OKpY>KalOILLYIO cpeny, HallpUMep, B pe3y/bTaTe aBaPMM Ha NPOMBILIIEHHOM KOMILIEKCE
«Mask» B Poccuu B 1957 1. [24], B pe3ynbTaTe BHIOPOCOB XHUIAKUX OTXOLOB B
OKPYXaIOIIyI0 cpeny OT pereHepallMOHHON YycTaHoBkM B Cemnabuiabae B
Bemuko6puraHuu.

B AT/iace mpUBOOMTCA ONMcaHMe MCXOOHBIX TaHHBIX U MeTONOB HUX 06paboTku s
cocraBieHus KapT. bonee mogpo6Hoe onHcaHMe KaK JaHHBIX, TAK U METONOB
KapTorpagMpoBaH1s MOXKHO HaliTH B IIprioxeHuax B-E; oHO MOXKeT BbI3BaTb MHTEPeC y
60/1ee IOArOTOBIEHHBIX CIIELMATMCTOB. KapTsl 3arpasHeHus Le3ueM-137 mpencraBieHbl B
Tpex Macurabax: o6lIeeBpOIeNHCKOM, perHoHaIbHOM (MacuiTabe CTpaH) M JIOKaJIbHOM.
Iinss ypoBleTBOpPeHHA MNOTEHUMAJbHOTO HHTepeca 4YHTaTeldd pnaerca obuias
XapaKTepHCTHKA STHX KapT.

KapTs! 3arpsAsHeHHs UCIIONb30BAINCDH 1)1 OLIEHKM KOJHYecTBa Lie3Ksa-137, BblnaBlllero Ha
Tepputopuu EBpomnsl B pesyabraTe YepHOOBUIECKOI aBapUH, H IUIA OLEHKH pacipe-
Ie/I€HHA 3TOro KOMM4ecTBa MO cTpaHaM, NOABEPrIIMMcS 3arpAasHeHMI0. IIpuBonaTca
TaKXKe CpaBHEHHUA ¢ pacyeTHBIM KOTHYECTBOM 1e3Hs-137, BEI6GpOIIEHHOTO BO BpeMs
aBapHUH.

B. HcxoaHbie JaHHBIE

JaHHbIe, Ha OCHOBe KOTOPBIX MPOBOAUNAOCH KapTorpadupoBaHHe, IPUBONATCA B
Ilpunoxxenuu B, a B I[Ipunoxxenuun G ykaszanbl UX UCTOYHUKHU. Kakgada Touka,
comepikalllag HHPOpPMalL IO, OTHOCHUTCA K ONpefeleHHOMY MeCTOIIOOXKEHHUIO U
npeAcTaBisgeT co60it pe3y/bTaThl eIMHUYHOTO M3MePEeHHA WIK HECKOMbKHX M3MepeHHIt. B
HaceJleHHBIX IIYHKTaX, rie NPOBOAWIHCH MOAPOOHBIE HCCIenOBaHMA (HampuMep, B
Haubosee mocTpajaBLUIuX paftoHax bBemapycu, Yxpaunsl U Poccun), opnomy mecro-
ITOJIOXKEHHIO MOTYT ObITh PUITUCAHBI PE3Y/IbTAThl COTEH WIM THICAY U3MEPEHHIL.

Bonbirasg yacTte A4aHHBIX ITIO CTpaHaM 6bI1a NnpenocCcTaB/l€Ha TOCYOapCTBEHHBIMU
OpTaHU3dALUAMH, YIACTBYIOIIMMHU B IMIPOEKTE, KOTOPbIC HECYT OTBETCTBEHHOCTL 3a
K4a4€CTBO m—x(bopMau}m. HOSTOM)’, MpOBE€AEHHAA Y1aCTHUKAMHU ITPOEKTA OLI€HKAa HaHHBIX
6b11a Y4iT€Ha, B OCHOBHOM, IIpH 06Hapy>x<e1-meM NMpOTHBOPEYUBOCTH AdHHBIX U/MIHM UX
HECOOTBETCTBUA HA I'paHULIAX rOCYAapCTB. B Hay4YHOM Il/IaHe 6b110 6BI IMO/IE3HO ITpOBECTH
B 6y[lyILI€M 6oee CTpOFHf{ YUIET 3KCIIEPTH3BI UCXOAHDBIX NAHHbIX, HO, ITPEAITIOIOXKUTEIbHO,
O6LLIaH KapTHUHa 3arpA3HeHUs, NpeACTaABACHHAA B AT)'IaCG, H€ MIPETEPIIUT NTPH 3TOM
KapAHHaAbHBIX M3MEHEHUH.

HaHHbIe pa3IM4yaIuch KaK IO CBOEMY IMPOCTPAHCTBEHHOMY paspelleHMIO, TaK U 110 THUILY
usMepeHui. [IpUBefeHHbIe YPOBHH 3arpsA3HeHUsA OCHOBaHBI Ha JaHHBIX asporaMma-
CITeKTPaNbHON ChEeMKH, TAHHBIX PAAUOMETPUYECKHUX M FdMMa-CIEKTPOMETPHYECKHUX
M3MepeHHH in situ, TaHHBIX M3MepeHMIt TPo6 MOYBHI, OTOUPABIIMXCSA HA PA3THYHYIO
rny6uHy U T.A. Kaxaeit BUL U3MepeHMIT UMeeT CBOH CWIbHBIE U ¢/labble CTOPOHBI, YTO
MOT/O 6Bl CTaTh MpeJMETOM COIOCTABJEHHUs OAHHBIX O 3arpsA3HEHUHU NpPH Hoee
NpUCTaJIbHOM aHanu3e. Takoro pofa aHaau3 He QUHAHCUPOBAICA B paMKax AaHHOTO
IIPOEKTa, XOTA ero mposeneHHe 6bUI0 6bl JkemaTeabHO B Gynyiiem. [IpoekT OCHOBBIBaICH
Ha JaHHBIX PeaJ/ibHbIX M3MepeHU, B KOTOPBIX 1[e3Ui-137 He pasnuyaeTca Mmo
MPOUCXOKIAEHHIO, M BCe MIPUBEAEHHbIE JaHHbIE OTPAKAIOT CYMMapHOe KOMHY€eCTBO Le3UA-
137, BBINABIIErO K MOMEHTY IIPOBEIEHUsI H3MepeHHs (HEeCKOIbKO UCKTIOYEeHHUI YKA3aHO B
tabmuue B.1 ITpunoxxenus B).

C. Mertogpi 06paboTKH MCXOOHBIX TaHHBIX

Ha ocHoBe gaHHBIX 06 ypOBHAX PaflHOAKTUBHOLO 3aTPSA3HEHHS] MECTHOCTH Lie3ueM-137
COCTaB/IANMCh KapThl Ui 06I11eeBPOMECKOr0, PErHOHAILHOIO U JIOKAILHOTO Pa3fiesioB
ATnaca. [laHHBIE MEPeCYUTHIBATHUCH B PETYIAPHYIO CeTh C pa3MepaMM 2 X 2 KM ¢
HCMOMBL30BAHHEM METORA «KBagpaToB O6PATHBIX PaCCTOAHUI». DTOT METOH M €ro
NpHUMeHeHHe ONMUchbIBaeTcs B Ilpunoxenun D. M301MHANMN cTPOMINCD MO PACCYUTAHHBIM
BeJIMYHHAM yPOBHEN 3arpA3HEHUA MECTHOCTH B KaXJOM y3jle CeTKH. B HeKoTOpbIX
C/ly9asX pe3yabTaThl GOpMaJM30BAHHOTO IIPUMEHEHHUS 3TOrO0 METOMAA IOABEPraiuCh
KOPPEKLMH C YUeTOM AOMOJHUTEIbHON HHDOPMALMK, KOTOPas He BXOOM/IA B MCXOOHbIE
nanHble. JomosHuTeNbHAs HHPOPMALUs pasfess/iach Ha TPU OCHOBHbBIE KaTErOPHH: BO-
NIEPBLIX, 3TO MPOCTPAHCTBEHHbIE JaHHbIe ¢ 60JIee BBICOKO paspellaioliieil Cloco6HOCTHIO,
060611IeHHbIE B YaCTH HCXOAHOM MHAOPMAIMKU, U OTHECEHHBIE K OMHOMY MECTO-
HO/IOXKEHMIO (HalIpHMeD, K LIEHTPY HaceJIeHHOTO MYHKTA); BO-BTOPbIX, 3TO HHMOPMALHSA O
Ka4yecTBe WIH HafleXKHOCTH NaHHBIX, OTHOCANIAACA K PAa3TMYHBIM MU3MEPEHHUAM B OTHOM M
TOM K€ TOYKeE, TI0/Ie3Has U ONpefe/IeHUs «Beca» COOTBETCTBYIOLIUX JaHHBIX; B-TPEThHX,
3To reorpacudeckas HHdopMauusa o6 uccnenyemoil repputopuu. Takas uadopmaius
YUMTHBA/IMCh NPU COCTaBIEHMM TOCYAapCTBEeHHbIX KapT benapycu, Poccuu 1 Ykpaunsi,
TZie FUIOTHOCTD U pasHoOo6pasie U3MepeHHH ObUTO CaMbIM GO/bILHM.
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D. Caesium deposition on a European scale (see Plate 1)
D.1 Deposition prior to the Chernobyl Nuclear Power Plant accident

Prior to the CNPP accident the deposition of caesium-137 on the territory of Europe was
principally due to global fallout from the atmospheric testing of nuclear weapons. The
spatial distribution of deposited caesium-137 from this source is illustrated in Fig I111
where the deposition levels are those pertaining just prior to the accident. The quality or
reliability of the deposition patterns, however, varies considerably over Europe. For the
European part of the former Soviet Union, the deposition patterns are based on airborne
gamma surveys (with flight paths of 50 km separation) carried out in the period 1969 to
1973 [25] (ie, after atmospheric testing of nuclear weapons had largely ceased). Given the
nature and resolution of these surveys, the resulting deposition patterns can be viewed with
confidence. Far the remainder of Europe the patterns were derived from maps of strontium-
90 deposition across the Northern Hemisphere prepared by the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) [26]; the caesium-137
deposition levels were obtained by scaling the measured strontium-90 levels by the ratio of
the total amounts of the respective nuclides released in the atmospheric testing of nuclear
weapons. The deposition patterns for this area of Europe are based on relatively few
measurements and, consequently, are associated with much greater uncertainty than those
for the European part of the former Soviet Union. For comparison, more recent UNSCEAR
reports [eg, 27] contain estimates of the average levels of deposition of fallout nuclides as a
function of latitude. For caesium-137, average levels just prior 1o the CNPP accident were
about 1.8, 2.4 and 2.2 kBq m? (0.049, 0.065 and 0.059 Ci km?) for latitudes 30-40°N, 40-
50°N and 50-60°N, respectively; these are, in general, consistent with the levels depicted in
Figure IIL.1. The total amount of caesium-137 from weapons® fallout that remained
deposited on the European land-mass just prior to the Chernobyl accident is estimated to be
20 PBq (0.54 MCi).

Fig. II1.1: Residual levels (in May 1986) of caesium-137 deposition from the atmospheric testing
of nuclear weapons

Puc. IIT.1: ¥poaru sazpssnenua (Maii 1986 2.) yeauem-137 6 peaynumame UCHbHAHLL
AfepHoao opy¥cua & ammocghepe
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D. 3arpssuenue uesuem reppuropun EBponsi (cm. puc. 1)

D.1. 3arpasuenue no Yeprno6buibckoi aBapuu

Ho HepnoOuinsckofi apapHn sarpasiende TeppiTopuy Epponm ueanem-137 B ocHoBHOM
61110 BRIZBAHO T106ANBHBIMY BRIMANEHHAMH OT MCTBITAHURE SAEPHOIO OPYHKHSA B
armocdepe. [IpocTpancTBeHHOE pacnpeneacHHe rNoBalbHOTO UesHA-137 moxKasaHo Ha puc.
IILI, rme ypoBHM 3arpA3HEHMA AATHPOBAHDLI BPEMEHEM HENOCPENCTBEHHO NEpell asapueh
Ha YADC. HagewHocTh JaHHAIX 0 FAoBansHoM 3arpASHEHNM BeChMa HEONHOPOAHA O
TEPPHTOPHH EHPGI‘JM. Hnn EEpDHEﬁCKOﬂ yacTH OpiBuiero Coeerckoro Colo3a KEapTa
OCHOBBLIBAETCA HA NAHHEIX A3POTAMMA-CNEKTPANBHON ChEMEH € MAPIIPYTAMH NONETOR
gepes Kawable 50 KM, BRITOMHEHHON B rMepuon 1969-1973 [25]. B ato BpeMs McnbITaHKA
SANEPHOTO OPYHMA B aTMochepe B OCHOBHOM NPEKPATHANCL, YUYHTEIBaA XaPaKkTep H
NPOCTPaHCTBEHHOE PA3PEIIEHHE BTOM CheMKHM, MOXKHO CHMTAThH MOIYYeHHLIE PEayviIbTATE
BeChMa HanewxHbuIMI, [Ina octansHoit yacty Enponst kaprorpadmponanie raodantuoro
uesun-137 MPOBOAKAOCH Ha OCHOBAHHH DaHHLIX O BLINAAEHHAX CTPpoHUMA-90 B 'CEBEPHDM’
nonyuapuu, nonydeannix Komuretom OOH no Bo3gelicTEHIO ATOMHON pagHaiiny
(UNSCEAR) [26]. ¥YpoBHH sarpaaHeHus 1eaveM-137 Suind Nonydensl B peayiaLTate
Mepecierd YPORHEH BhINaleHHA CTPOHLMA-90, HCNONLIYA NOCTOAHCTEO COOTHOLLEHHS
ITHX PAJHOHYKANNOE B rn0GalbHBIX BRIMATEHHAX B Pe3ylbTaTe HCIEITAHMA SIEPHOTO
opyxua. Kaprorpacduporauue rnobansHoro sarpasienia atoi sactu Enponu
OCHOBBIBAETCH HA OTHOCHTEARHO HeOOMBUIOM YHOAE HEMEPEHHﬂ' H, CICI0OBATEALHD,
CBA3AHO € CYUIECTBEHHO GONbled HEONPeleleHHOCTRIO, 4eM KapTorpadHpoBaHHe
riobanpHoro sarpAswenus naa Espomefickoit wacti 6wismero Copercikoro Coiosa. Jlana
cpasHenun, Gonee nospkMe oryersl UNSCEAR [27] comepsar OLeHKH CpeaHux ypoBHed
raobalbHOTO 3ATPASHEHMA B 3ABHCMMOCTH OT 1HpoTHL Tlo neaun-137 cpenHue ypoBHH
HenocpenacTsenno nepen Yepnobpinbekoil apapuefi cocrasana oxono 1,8 xBx/y? (0,049
Ki/km?) na wuporax 30-40° cau, 2,4 kBr/m? (0,065 Ku/km?) #a muporax 40-50° . u
2,2 kBr/em? (0,059 Ku/km?) Ha wnporax 50-60° Itn undipsi » uenom He npoTHROpEHaT
YPOBHAM, TIOKazaHHbIM Ha puc. IIL.1. Henocpeictaenno nepen apapueit Ha 1ADC obuiee
KOJIHYeCTBO r1o6aibHoro uesns-137, BunaBllero B pe3yibTATe HCMLITAHMH AJEpHOIO
OPYAHA, oLeHuBaeTc Aan Tepputopun Espons g 20 [Ex (0,54 MKn).
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D.2 Deposition after the Chernobyl Nuclear Power Plant accident

The deposition patterns of caesium-137 across the whole of Europe immediately after the
CNPP accident are illustrated on Plate 1 (scale 1:11 250 000). In this map, as for all caesium-137
maps in this Atlas, the reported levels are for the total amount of caesium-137 deposited,
irrespective of its source (ie, from the CNPP accident, weapons' tests, etc), but taking
account of loss through radioactive decay up to May 1986. The deposition patterns show
many striking features but only a few can be highlighted here. For perspective, the reader
may wish to note that the lowest band of deposition illustrated (< 2 kBq m-2 (< 0.054 Ci km-2)
and coloured yellow) is typical of that from weapons’ testing; consequently, the 2 kBq m-2
deposition isoline can be used as a convenient, albeit over-simplified, dividing line between
areas affected and unaffected by deposition from the CNPP accident. Reference, however,
should be made to the national maps, which have higher resolution.

The deposition patterns reflect the characteristics of the release, especizlly its long duration,
and the changing meteorological conditions during this period (see Appendix A). It is
apparent that caesium-137 was dispersed over almost the whole of Europe, with relatively
few areas not affected. Several distinctive patterns of deposition are evident.

The patchiness or irregularities in the deposition patterns are particularly striking, as are the
enhanced levels of deposition at locations far removed from Chernobyl. These features
reflect the inherent complexity of the processes that govern the dispersion of material in, and
its deposition from, the atmosphere. If meteorological and other conditions remain
constant, the level of deposition decreases in general with increasing distance from a source.
However, changing conditions radically alter this simple picture and are responsible for the
complex patterns illustrated on Plate 1. Significant relative increases in deposition can occur
for many reasons, eg, the wind speed drops, the dispersing material encounters rainfall, the
height of the mixing boundary layer in the atmosphere decreases, the roughness of the
underlying surface increases (eg, forests compared with grassland), etc; conversely, decreases
in deposition can occur for the opposite reasons. Rain, falling through the radioactive cloud,
can result in large increases in deposition and was responsible for many of the enhanced
levels that occurred at distances far removed from Chernobyl. The release, during the initial
stages of the accident, of material above the atmospheric boundary layer was a further
contributor to the enhanced levels found at very large distances.

The enhancement of deposition at distances far removed from Chernobyl is best exemplified
by reference to the situation in southern Germany, Austria, Finland, Norway, Sweden and
the middle Volga region in Russia. In these areas (which are more than 1,000 km from
Chernobyl) there are significant areas where the deposition is greater than 40 kBq m-2

(1.08 Ci km-2).
E. Caesium deposition on a national scale (see Plates 3 to 25)

Maps for each country in Europe (with a few exceptions where insufficient data were
available) have been compiled to represent the levels of total deposition of caesium-137
immediately after the release had terminated and the plumes had dispersed beyond the
territory of Europe. Some 20 maps have been prepared with scales ranging from 1:1,000,000
to 1:2,500,000. In a few cases, for ease of presentation, some of the countries have been
grouped into regional maps (ie, the Benelux countries and France, the Baltic States, etc). In
other cases, countries or geographic regions were subdivided (ie, Russia, Scandinavia) so that
a similar scale could be used for all of the maps. An index of the national/regional maps and
their scales is given on Plate 2.

Each map includes the following main elements:

- Patterns of the total (Chernobyl, nuclear weapons’ fallout, etc) amount of caesium-
137 deposited (corrected for radioactive decay to 10 May 1986) immediately after the
accident;

- A number of geographic features, eg, international boundaries, major roads, railways,
rivers, lakes, and towns with more than 10,000 inhabitants, etc;

- A general legend showing the map scale and the colours used to represent different
levels of deposition, unavailability of data, etc;

- An insert which indicates the location and deposition level for each of the data used in
compiling the map;

- Aninsert, at the top-right hand corner, which indicates the location of each map
relative to the rest of Europe;

- Plate numbers of adjacent maps.

The insert, showing the location and deposition level for each of the data used in compiling
the maps, is in general presented in the form of a Voronoi polygon (see also Appendix D);
the colour of the polygon is determined by the measured level of deposition. Each polygon
represents one or more measurements attributed to a single location; in some cases, the
number of measurements attributed may be large although this cannot be ascertained
directly from the information presented (see Appendix B). In other cases, the density of data
is too great for them to be represented in the form of a Voronoi polygon (eg, for Russia); the
basic data are then depicted as points coloured in accordance with the associated level of
deposition.

It is beyond the scope of this Atlas to provide a detailed commentary on each of the
national/regional maps. A number of general and more specific features, however, warrant
comment. The reliability of the patterns of deposition differs greatly between countries. In
general, the reliability of the deposition patterns will increase with the spatial density of data
used in their compilation. The Voronoi polygons, included as inserts in each map, provide
the reader with a rapid, albeit approximate, means of assessing this, at least in relative terms.
In general, the spatial density of the measurements is, as would be expected, greatest in those
countries or regions which experienced the greatest fallout from the CNPP accident. In those
countries which experienced little, if any, fallout the measurements tend to be sparse and the
interpolated deposition patterns are associated with much greater uncertainty. Such cases
can be readily identified from cursory inspection of the maps and, in particular, the Voronoi

polygons.

The national/regional maps provide much greater resolution and fine structure than the
European map. The patchiness or irregularity in the deposition patterns is even more
pronounced but its origins are as described previously. By far the highest levels of deposition

D.2. 3arpsasHenne nocie YepHoO6BUILCKOM aBapuH

B Atnace mpexcraBieHa obljeeBponeiickas KapTa 3arpsA3HeHMA Lie3uem-137,
IDaTHPOBaHHas BpeMeHeM BCKope mnociie YepHo6BUIBCKOM aBapuu (Macmra6 1:11 250 000,
pHc. 1). ITa KapTa, KaK ¥ Bce KapThl ATJaca, OTPaXaeT CyMMapHble YPOBHHU 3arpA3HeHUs
ue3neM-137 (T.e. UTOT HANMOXXEHUs 3arpA3HEHUA YepHOOBIIBCKOTO MPOUCXOXKIAECHUA Ha
3arpsisHeHHWe B pe3y/lbTaTe aTMOC(epPHBIX UCTIBITaHUI ANEPHOTO OPYXMA M 1p.). KapThl
npuBomATCs Ha 10 Mas 1986 r. IIaTHa pafilMOaKTUBHOTO 3arpsA3HeHUA 06/MafaloT PANOM
0cO6eHHOCTeN; OCTAHOBUMCS 3eCh Ha HEKOTOPBIX U3 HUX. OTMeTHM, YTO 3arps3HEHHE
TeppUTOpHMH ¢ Haubonee HUSKUMH yPOBHSAMM, IIPEACTaBIeHHbIMU Ha KapTe (<2 KBk/M2,
unu <0,054 Ku/xM2, JaHBI XKENTHIM UBETOM) O6YCIOBAEHO, B OCHOBHOM, TOJNbKO
BbIMIAJIEHUSAAMU B Pe3y/IbTaTe UCNIBITAaHUH SANEPHOTO OPYXKMHA; C/IefOBaTeIbHO, U30IMHHUA 2
kBx/M2 (0,054 Ku/km2) MoxeT GBITh UCIIONB30BaHA KaK YCIOBHAas TPaHHUIA PECHOHOB,
NONBEPrUIMXCS U He MOABEPTIINXCA BAUAHUIO YepHOOBIIBCKOIM aBapuu. KapTer
perMoHasbHOrO pasfena ATaaca 6o/ee JeTbHO OCBENIAIOT 3TOT acIeKT.

KapTel 3arpA3HeHHs OTPaXkaloT XapaKTepPUCTHKU YepHOOGBUIBCKOrO BBIOpOCA U
MEHAIOUIMECS METEOYCI0BH B TOT mepuof, (cm. IIpunoxenre A). O4eBHIHO, YTO LIE3HII-
137 pacripocTpaHM/ICS TIOYTH IO BCel TeppUTOpUM EBpONEI, UL HEMHOTOYHCIECHHBIE
PaifoHbl OCTAIMCh HE 3aTPOHYTEL. MOJXKHO IPOCAeTUTh M psf Haubonee 3arpA3HeHHBIX
TEPPUTOPUH.

Oist 4epHOOBUIBCKUX BBINAJeHUI XapaKTepHa MATHUCTOCTb, WIH HEOLHOPOLHOCTD
3arpsA3HeHMs, a TAK)XKe MOABJIEHHE OTHE/IbHBIX NATEH C NOBBIIIEHHBIMU YPOBHAMHU Ha
3HaYMTeNbHOM yraaseHuu oT YADC. JTo oTpa)kaeT creiupUKy CIOXKHBIX IPOIECCOB,
OmpemensAIOlUX paccessHHe BellleCTB B aTMocdepe M ux BeimajgeHue. Eciu 6bi
MeTEeOPOIOTHYECKHE Y PyTHe YCI0BUA ObUIM HEUM3MEHHBI, TO YPOBHH 3arpA3HeHUs
yMeHBIIATHCh OBl C YBeTMYEHHEM PAacCTOSHMSA OT MCTOYHMKA. OgHaKo, BapbUpYylOlIHe
METeOyCIOBUS pafuKaJbHO U3MEHMIU 3Ty NMPOCTYI0 KaPTUHY U SABUINCh NIPUYUHOH
bopMHpOBaHHA CIOXKHBIX HEOTHOPOJHBIX IOJIel 3arps3HeHHUs, TOKa3aHHBIX Ha pHUC. 1.
[TosiBneHMe NATEH 3arpsA3HEHHA MOJKET 3aBHCETh OT MHOTMX NPWYHMH, HaIIlpUMeEp, OT
TIPOMBIBAHMS 3aIPA3HEHHON aTMOChepHl 0CaflkaMH, OT CKOPOCTH BETPa, OT YMEHbIIIeHUA
BBICOTHI MOTPaHUYHOTO C/I0S, OT YBEJHMYEHHA LIEPOXOBATOCTH NOACTUIAIOLIEH
[OBEPXHOCTH (HallpuMep, NMOABIEHHE Jleca Ha ITYTH PacIpOCTPaHeHUs 3arps3HeHHOM
CTPYM) U T. I.; ¥ HA060pOT, 3arps3HEHHE MOXKET YMEHbBIIIATHCS B CWIY POTHBOIIOOMKHBIX
npuiyuH. OcafkH, BHIMBIBaBIIME PafHOAKTUBHOCTDL U3 aTMocdepsl, IPUBEIH K
YBETMYEHHIO YPOBHEI1 3arps3HEHHS B pALe MECT U 3a4acTyio ObUIM IPHYHMHOI NOSBIEHUS
nATeH Ha Homplunx paccrogHuax oT YAIC. B HavanbHBI epHo], MOCIe aBapUH BBIGpOC
PagyOaKTUBHBIX [IPOAYKTOB YAaCTHYHO MPOXOAMI BBILLIE TIPU3EMHOTO C/IOSL aTMOC(EpHI,
YTO TaKXe CIHOCOO6CTBOBAJO NMOBBIIMIEHUIO YPOBHelH 3arpsA3HeHUs Ha 6OJbLUMX
paccroaHusax ot YAIC.

YBenudyeHHe 3arps3HeHUsa Ha 60/1blUNX paccToAHUAX oT YADC Hambonee ApKO WLIIO-
CTpHUpYeTCA CUTyaluei Ha 1ore 'epManuy, B ABcTpuu, Gunnsauauu, Hopseruy, lllseuny, B
Cpentem IToBoipkbe. B 3THX perMoHax, HaxOOAIIMXCA Ha paccTosHUHU 6omee 1000 kM ot
YA3C, o6Hapy>eHBI 3HAYHTe/bHbIE IUIOLAH C yPOBHAMH 3arpssHeHus 6onee 40 kBx/m2
(1,08 Ku/xm?2),

E. 3arpsasHeHue le3ueM TeppHUTOpPHIi rocysapcTs EBponsl
(cM. puc. 3 mo 25) '

KapTpl 3arpsasHeHus nesueM-137 mo kaxpo#t crtpaHe EBponsl (3a HeMHOTUM
UCKTIOYEHHEM, I'le He 6BIIO HOCTATOYHOTO KOJWYECTBA AaHHBIX) GBUIM IMOCTPOEHH Ha
BpeMA BCKOPE ITOC/Ie 3aBepIleHHs BbINTafeHU U3 paclIpOCTPaHABLUENCA paluOaKTHUBHOMN
crpyH (Ha 10 mMas 1986 r.). Beero 65010 noaroroeneHo okoo 20 kapt. Maclutabnl KapT:

1:1 000 000 - 1: 2 500 000. B psanme cnyyaeB mas yoo6CTBa NpeACTaBAeHUA HEKOTOpHIE
CTpaHbl 6bUTH CTPYTITIMPOBAHBI 110 PErHOHaM (HarpuMep, cTpaHbl BeHmwrokca u ®pannus,
cTpanbl Bantuu u T.10.). B Apyrux ciay4yasx ctpaHbl Win reorpadudecKkye perioHbl GBUIH
TIOKa3aHbl Ha HeCKOJMbKUX KapTax (Hampumep, Poccus, CkaHIMHaBHA). YKasaTens KapT
FOCYapCTB M MX MaclUTa60B MPUBOIUTCSA Ha BKJIAAHOM WUTIOCTPALMH 2.

Kaxxpas xapTa perMoHa/IbHOTO pasfieia BKIIOYAEeT CeMYIOIIHe S71eMeHTHI:

- co6CTBEHHO KapTa CyMMapHOT'O PafHOaKTHBHOTO 3aTPA3HEHUS MECTHOCTH Lie3HEM-
137 (4epHOGBUIBCKOTO, IIOGAIBLHOTO H AP. IIPOUCXOXKAEHH) 10 COCTOSHHUIO Ha 10
Mas 1986 ., T.e. Ha JaTy cpasy ke I10CJ/IE 3aBEPIIEHHs BhITIAZIEHUI; 3arpsi3HEHHe
NPeACTaB/seTCs B U30MHHHUAX;

- KapTa 3arpAsHeHMs B U30JIMHHUSIX CONMPOBOXAAETCA PANOM reorpauaecKux
XapaKTepUCTHK, TAKUX KaK, TOCYlapCTBEHHbIE I'PaHHIIbI, KPYTIHbIE aBTOMOOWIbHEIE 1
XKejle3HEIe IOPOTH, PEKH, 03epa U Hace/leHHBIe ITYHKTHI ¢ HaceneHueM 6ornee 10 Tric.
JKUTeNnen U T.0.;

- ycnoBHbIe 0603HaYeHHs, MAacLUTa6 KapThl ¥ I[BETOBas LIKaa, UCIIO/Ib3yeMas JIis
IpeACTaB/IeHHUs Pa3/IMYHBIX YPOBHEN 3arpsA3HeHN, YKa3aHHe Ha OTCYTCTBHE HaHHBIX
(ecnu aTO Tpebyercs) U T.4.;

- KapTa-Bpes3Ka, II0Ka3bIBalollas IPOCTPAHCTBEHHOE pasMelleHHe NAHHBIX,
HCII0/Ib30BaHHBIX IIPH COCTaBJIEHUH KapTEl;

- KapTa-Bpe3Ka B BepXHeM IpaBOM YT/Iy CTPaHMIIBI, TOKA3BIBAIOLLAs PACIIONOKEHHE
TEPPUTOPHM KapTOrpapUpoBaHus B npenenax Espomnb;

- HOMepa CTpaHMI] COCENHNX TUCTOB KapThl.

KapTa-Bpeska, noxasbiBaiollas MPOCTPaHCTBEHHOE pasMellleHHe NaHHBIX 06 ypOBHAX
3arpsA3HeHM s, UCITONb30BAHHBIX IPU COCTABJEHUHU KapThl, IpeICcTaBjleHa B BUJe
nonuroHos BopoHoro (cM. Taxxe Ilpunoxxenue D); uBeT KaXJoro IOIHMTOHA
OIIpe/ie/IAeTCsl YPOBHEM 3arpAsHeHUA. KaXkaplit NOIUIOH MpPefCTaB/IsAeT ONHO U3MepeHHe.,
B HexoTOpBIX cnyyasx YUCIO U3MEPEHHUI, MPUIUCHIBAEMEIX OLHOMY MECTOTION0XKEHHIO,
MOXeT OBITH 6O/IbIIE OJHOTO, XOTA 3TOTO He/lb3f ONPENENUTh HEMOCPEACTBEHHO U3
IpencTaBleHHOM KapThI-Bpe3ku (cM. IIpiioxenue B). B npyrux cayyasx rycroTa jaHHBIX
CIMIIKOM BeNHKa AJIs TOro, YTOOB MX MOXXHO GBIIO NpPEXCTaBUTh B BHie IOTUTOHA
Boponoro (Hanpumep, B Poccun); B 3TUX CIy4asix UCXONHbIE TaHHBIE TIOKA3aHEI B BUIE
TOYEK, 1IBET KOTOPBIX COOTBETCTBYET ONIpe/ie/leHHbIM YPOBHAM 3arps3HeHU.

UTo6bl He ONMUCBIBATH JeTalbHO KaXAYIO KapTy PerMOHaIbHOTO pasjena, mpo-
KOMMEHTHPYeM HEKOTOPEIe 061He MX 0CO6eHHOCTH. JIoCTOBepHOCTL H306paXKeHUs ATEH
3arpsI3HEHUA 3aMETHO Pa3NM4Yaercs IO CTpaHaM. B Le/IoM, 1O0CTOBEPHOCTD OTOGpaXKeHus



3arpsasHenne reppuropun EBponsi nesnem-137 - The deposition of caesium-137 on the territory of Europe |7

occurred on the territories of Belarus, Russia and Ukraine. Levels in excess of 40 kBq m™2
(1.08 Ci km-2) occur in many countries outside the former Soviet Union and, in several of
these, the levels exceed 100 kBq m-2 (2.7 Ci km2).

Two of the maps require clarification as some of the enhanced levels illustrated are a resuit
neither of fallout from weapons testing nor from the CNPP accident.

The first concerns the map of the United Kingdom (Plate 6) where the enhanced levels
along the north-west coastline of England and the south-west coastline of Scotland are a
result of the discharge to the Irish Sea of caesium-137 in liquid effluents from the
reprocessing of Magnox fuel at Sellafield; these discharges were particularly elevated in the
1970s but have since been substantially reduced through, inter alia, the commissioning of
improved waste treatment facilities. The enhanced levels along some parts of the coast line,
particularly in estuarine areas, have resuited from the deposition of sea-borne silts on land
which is occasionally flooded at high tides.

The second concerns the map of Russia (eastern part of European territory and southern
Urals), Plate 24, where the deposition of caesium-137 resulting from the accident at the
“industrial complex “Mayak” in 1957 is illustrated. Strictly, this should not be included in the
Atlas because “Mayak” is located east of the Urals and beyond the territory of Europe.
However, because of its proximity to the European border, the additional perspective it
brings and the likely interest of many readers in deposition from the Mayak accident, it has
been included in the Atlas. Deposition from this source has not, however, been taken into
account when estimating the amount of caesium-137 deposited over the territory of Europe.

E  Caesium deposition on a local scale (see Plates 27 to 60)

More detailed maps are presented of the patterns of total caesium-137 deposition for those
areas where the levels are particularly enhanced. Two sets of maps have been compiled and
are distinguished by the levels of deposition which they depict. The first concerns areas
where the deposition level exceeds 40 kBq m=2 (1.08 Ci km"2) at a scale of 1:500,000 and the
second areas where the level exceeds 1480 kBq m2 (40 Ci km-2) at a scale of 1:250,000.
Apart from the Voronoi polygons, the local scale maps include the same elements as for the
national/regional maps (see section IILE). The content of these maps is, however, limited to
those areas where the deposition exceeds one or other of the specified levels. The reader
should refer to the national/regional maps for further information on levels and patterns of
deposition in adjacent areas which are not depicted in the local scale maps.

Areas where deposition exceeds 1480 kBq m-2 (40 Ci km2) are confined to Belarus, Ukraine
and Russia, whereas the level of 40 kBq m2 (1.08 Ci km2) is exceeded in several countries
outside the former Soviet Union. The areas exceeding the specified levels are identified on
Plate 26 where an index is given for each of the maps and the scale on which it is presented.
Some 34 local scale maps are presented.

In zones where the deposition level is less than 40 kBq m2 (1.08 Ci km-2), the annual
average dose (in 1998) will, with a very high degree of confidence, not exceed 1 mSv (100
mrem); this level of dose is adopted by the authorities of Belarus, Russia and Ukraine as a
threshold for taking countermeasures and introducing privileges for the affected population.

Deposition levels in excess of 40 kBq m2 (1.08 Ci km-2) are observed out to much larger
distances (Plates 27 to 57). In Eastern Europe these levels are found mainly in flat areas
while, in Western Europe, they are found largely in mountainous areas. Some spots were
formed in precipitation zones, some in regions with increased break of the relief or on
mountain slopes blocking or cutting the dispersing radioactive plumes.

The second set of local maps (scale 1:250,000, Plates 58 to 60) depicts areas with caesium-
137 deposition levels in excess of 1480 kBq m2 (40 Ci km-2). The map of the close-in CNPP
zone is based largely on extensive data from soil sampling from a special network established
in 1986. This comprises 540 measurement sites within a radius of 60 km, where soil samples
were taken twice a year in the period 1986-1990. Other complementary data (eg,
measurements obtained from soil sampling in settlements, in-situ measurements along
special pedestrian routes, detailed airborne gamma-spectrometry, terrain characteristics,
etc) were also used.

The most intensive caesium spot (see Plate 60) is located in the immediate vicinity of the
CNPP, and extends to a distance of about 60 km around the reactor over the territory of
Ukraine and Belarus. The pattern of deposition is very non-uniform (for much the same
reasons as in the national and European scale maps), with the highest levels to the north.
The main release trajectories can be identified from the deposition patterns.

The Bryansk-Gomel-Mogilev spot (see Plates 58 and 59), which is located in Belarus and
Russia, about 150 - 250 km from the CNPP, is more pronounced on the local scale maps.
Despite its large distance from the CNPP, the level of deposition in some areas of this spot
exceed those in parts of the spot around the reactor itself. Caesium-137 deposition levels of
up to about 8,000 kBq m-2 (216 Ci km-2) are found in the Bryansk-Gomel-Mogilev spot and
up to about 40,000 kBq m-2 (1080 Ci km-2) in the central spot.

G. The amount of caesium-137 deposited on Europe and its spatial
distribution

Estimates have been made of the total amount of caesium-137 deposited on each country
and on the territory of Europe as a whole as a result of the CNPP accident. The following
approach was used. The total deposition (ie, from weapons’ fallout, the CNPP accident, etc)
of caesium-137 on a grid of 1 by 1 km was estimated for the whole of Europe from
interpolation of the data used to compile the national scale maps. The total deposition on
Europe and in individual countries was obtained by summation over the relevant cells in the
grid. Corrections had to be made for those areas or countries where no deposition data were
available. For countries where data were missing for relatively small areas (eg, Sicily in Italy)
the average level of deposition in that country was assumed to be applicable to the missing
areas. Where data were missing for a whole country (namely Albania, Bosnia-Herzegovina,
Bulgaria, Former Yugoslavian Republic of Macedonia (FYROM), Iceland, Portugal, Serbia)
the average level of deposition in immediately adjacent countries was assumed.

MATEH 3arpA3HEHHA BO3pacTaeT C yBeJIHYE€HHEM INPOCTPAHCTBEHHOM NIOTHOCTH
MCXOAHbIX JaHHBIX. [Tonmurons! BopoHoro, npencraBienHble B BUAe BPE3KU Ha KaXKHoii
KapTe, OAlOT BO3MOXKHOCTb YHUTATENI0 OBICTPO, XOTA K NPHUOGIH3UTENbHO, OUEHUTh 3TO
obcToaTenbcTBo. Kak M ce1oBao 0)XXUAATh, MPOCTPAHCTBEHHAs IVIOTHOCTL M3MEPEeHH
MaKCHMajbHa B TeX CTPaHaX M PErHOHAX, KOTOPble NOJBEPTIMCh HaHOOIbIIEMY
3arpA3HEHMIO B pesyabTaTe YepHOOLUIBCKOI aBapuM. B crpaHax, 3aTpOHYTHIX aBapueil B
MeHbILIEH CTENeHH, CeTh U3MEPEeHUIt 60see pa3pexeHa, H HHTEPIIOJUPOBaAHHbIE IATHA
3arpsAsHeHUA no KoHdUrypauuu ropasno 6onee HeonpeneneHHbl. Takoro poaa ciydau
MOYKHO JIEFKO ONHAPYXXUTH [IPH GEr/IOM MPOCMOTPE KapT B MX CONOCTAB/IEHHH C KapTaMH-
Bpe3KaMH NOJIMTOHOB BopoHoro.

Kaprsl rocynapcTB ¥ perHOHOB 6oJiee HeTalbHbI 110 CPaBHEHHUIO ¢ 0611 eeBpOIEeHCcKOoi
KapToi. HeomHOpogHOCTD moselt sarps3HeHns Ha HUX 60ee ApKo BbIpaXkeHa, a IPHIHUHBI
MATHUCTOCTH aHAJIOTUYHBI OIMCaHHBIM paHee. CaMble BBICOKHME YPOBHH 3arpAa3HeHHA
Ha60aI0TCs Ha TeppUTOpHH Benapycu, Poccuu u Ykpaunsl. Y poBHH, npeppimanoiiye 40
kBkx/M2 (1,08 Ku/km?2), HabM110al0TCH BO MHOTHX CTpaHax 3a npepenaMHu 6bIBIIETO
Coserckoro Co103a, a B HeKOTOPBIX U3 HMX yPOBHH npessiiiaior 100 kbk/M2 (2,7 Ku/km?2).

JIBe KapThI paccMaTpHBaeMOro pasfiena TpeOYIOT IOACHEHHH, T.K. NOBbIIIEHHbIE YPOBHH B
npepenax kaprorpaupyeMblX TePPHTOPHII He BBI3BaHbI HU I00aJbHBIM 3arpA3sHEHUEM
OT HCITBITAaHHI ANEPHOTO OPY>KHs B aTMOchepe, HH UepHOOBUIBCKOI aBapHei.

Bo-nepBbix, 310 KapTa Beqmko6puTaHuM (BKkIagHas WUTIOCTpauus 6), rie MOBBIIIEHHBIE
YPOBHHM BJIOJIb 3allafiHOM 6eperoBoit MTMHHU ABMAIOTCA pe3ynbTaToM cbpoca B Mpnannckoe
MoOpe XXMAKHX OTXONOB, COAEPXXKaliuX Le3Hi-137, oT pereHepauuy TON/IHUBA B
Cennabunsne; 3T c6pochl 6BI/IM MakCHUMasbHBl B 70-X rogax, a 3aTeM 3HaYMTENbHO
YMEHBIIWINCh B pe3y/bTaTe UCNOIb30BaHHUA YCOBEPLIEHCTBOBAHHOTO 060pYIOBaHUA MIA
OUUCTKH OTXOROB. [lOBbILIEeHHbIE YPOBHU BROJAb GeperoBoil TUHHU B psAlle MeCT, B
YaCTHOCTH, B YCTBAX peK, ObIIM BBI3BaHBI aKKYMY/IALIUeH MOPCKUX HAaHOCOB Ha Cyllle,
3aTOIUIAEMO BO BpeMs BBICOKMX IIPWIHBOB.

Bo-BTOpBIX, 3TO KapTa BOCTO4YHOIT YacTH EBpomneiickoit Tepputopuu Poccuu n KOxHoro
Ypana (BIagHas WUIIOCTpaLuusa 24), rie MOKasaHo 3arpa3HeHue LesneM-137 B peaynbTaTe
aBapHH Ha INPOMBILIJIEHHOM KOMIuleKce «Masik» B 1957 r. OTMeTHM, 4TO KOMIUIEKC
«Masik» pacnosaraeTcsi K BOCTOKY OT Ypaabckoro xpe6ra u ¢popmansHo k EBporme He
oTHocuTcA. OHaKo, pacro/oKeHHe KOMIUIeKca «Masik» B HelloCpeJCTBEHHOHM 6/IM30CTH
OT U3y4aeMOH HaMH 4acCTH CBeTa M CTpeMJ/IeHHe YIOBJeTBOPUThH MHTepec YHTaTese K
uHpopmanuu o6 3TON aBapHH, - BCe 3TO MPUBEIO K PellleHHIO NPHUBJIeYb AaHHbIE O
3arpA3HEHUH 3TOM 4acTH 3aypaibi. DTH HAHHBIE He YYUTHIBUIMCH, OJHAKO, [P OLIEHKE
o6111ero KOJIMYecTBa Lie3us-137, BbiNaBliero Ha TeppuTopuu EBpornsl.

F. 3arpsasHeHue nme3neM OoTIeNTBHBIX TeppUTOPHIl (cM. pHc. 27 10 60)

I pajfOHOB C NOBBILIEHHLIMH YPOBHAMM 3arpssHeHusA, 6bUIM cocTaBieHBl 6osee
nojapo6Hble KapThl BbINajeHU 1e3ua-137. Bolio cocraBaeHo ABe IPYNIbl KapT,
OTJIMYAIOLMXCA T10 CTeTleHH 3arpAsHeHUA. KapThl nepBoi Ipynnbl OXBaThIBAIOT PaiOHBI C
ypoBHAMM, npeBblluaomumi 40 kbk/M2 (1.08 Ku/km2); ouu npepcrasieHbl B Maciutabe
1:500 000. KapTbl BTOpOJ IPyNIIbl OXBaTBIBAIOT PaHOHBI ¢ YPOBHAMHM, NPEBHIIIAIOIIUMHU
1480 xBx/m2 (40 Kn/xM?); onu ganbl B Macirrabe 1:250 000. Kpowme nonuronos BopoHoro,
KapThl OTHEABHBIX TEPPUTOPUI BKIIOYAIOT B ce6A Te K€ 3EMEHTHI, YTO U KapThl
peruoHansHoOro paspena. OgHako, kKaprorpacdupyeMsle IIONIAAN OTPaHHUYEHb] PalfOHAMH,
rae YPOBHH 3arpsA3HEHHUA IpPeBBbILIAIOT ONnpeleseHHble BeTHYUHBI. YHUTaTenb MOXKeT
06paTHTbCA K PETHOHAIBHOMY pasfiely ATjaca Ans noiydeHusa uHopmanuu o 6onee
HHU3KHX YPOBHSX 3arpA3HEHHA B MPHJIETAIOLMX palloHaX, He 0603HAaYeHHbIX Ha KapTax
JIOK&JIbHOTO paspena ATiaca.

Paitonsl ¢ npesbiiuendeM 1480 kBx/m2 (40 Kn/km2) o6uapyxenn! Tonbko B Benapycu,
Ykpaune u Poccuu; Torna kak yposeHb B 40 kBk/m2 (1.08 Ku/kM2) npeBbliies B
HEeKOTOPBIX CTpaHaXx 3a npefmenaMu 6p1Buiero Coserckoro Cowo3a. TakHe paioHBI U
CTpaHbl NepeYUC/IeHbl Ha pHUC. 26, Iie DalOTCA MHIEKCHl Ka)KAOM KapThl U ee MacuTab.
[IpencraBneHo 0k0J10 34 KapT JIOKAILHOTO pasfesna.

B 3onax, rae ypoBeHb sarpsasHeHHs Huwke 40 kBbk/m2 (1.08 Ku/xm2), cpennerogosas
s dekTHBHaA sKBUBaIeHTHas fo3a (B 1998 r.) He mpeBbicHT | M3B (100 MP/4ac.) ¢ ouens
BBICOKOI1 CTETIeHbIO BEPOATHOCTH; 3TOT YPOBEHb AO3bI MIPHHAT BAacTAMU Benapycu,
Poccun 1 YKpaHHBI B Ka4eCTBE IOPOrOBOTO YPOBHA /ISl IPHHATHA KOHTPMEP H BBeJjeHUs
JIBIOT VIS TOCTPagaBIIero HaceJIeHU.

TeppUTOPHH ¢ yPOBHAMH 3arpsA3HeHHs, NpeBbllUaomumu 40 KBK/M2, pacnonaraioTca Ha
ropaspo 6oablinux pacctosHuax oT YAIDC. Takue repputopun B Boctouynoit EBpone B
OCHOBHOM pacHOJIOKEHbI Ha paBHUHAaX, B TO BpeMA kak B 3anagHoi EBpone oHu yacro
NPHYPOYEHbI K TOPHBIM paiioHaM. Hekoropele nmaTHa 06pasoBaluch B 30HaX BbIMafeHHA
0CafKoB, HEKOTOpbIe - B PaliOHaxX C MOBBILIEHHOM PacYIeHEHHOCTHIO pebeda UIH Ha
CKJIOHaxX rop, NperpaxgaBIIMX IIyTb 3arpA3HEHHbIM B pe3y/bTaTe aBapUH BO3IYLIHBIM
Maccam.

Bropas rpynna kapT nokansHoro pasgena (Macmrab 1:250 000, puc. 58 go 60) nompo6Ho
MpeAcTaBAAeT TEPPUTOPHU C YPOBHAMH 3arpsasHeHUs UesHeM-137, npesbilaowmM 1480
kBk/M2 (40 Ku/xm2). BaxkHOe MECTO IPH MOCTPOEHHH KapThl 6mmkHel 30Hb YAIC
HMeJM laHHBbIe IIHPOKOMAcCINTa6HOTO IMMOYBEHHOro ONMpo6OBaHUA Ha pelepHOM CeTH,
co3maHHOM B 1986 r. OHa cocTouT U3 540 GHUKCHPOBAaHHBIX ITHKTOB Mpo600oT60pa B 60-KM
soHe YADC, rae B nepuog 1986-1990 rr. npo6sl No4YBbl OTOMPaNUCh ZBaXKAbI B TOI.
Hcnonbp3oBalUCh TaKkXe AOMOJHUTENbHBIE JaHHble (H3MepeHHA MOYBEHHBIX NMPo6 B
HacCeJleHHBIX MYHKTaX, U3MEPEeHHUA in-situ Mo cnelMajbHBIM MELUIWM MapLIPYTaM,
nmoapobHas a’spo-raMMa-cIIeKTPOMeTpUYecKas CbeMKa, JaHjadTHbIE XapaKTepUCTHKH
KapTorpadHpyeMoi TePPHTOPHH).

LlesneBoe nATHO ¢ Hau6ojee BELICOKUMH YPOBHAMM 3arpsaHeHHs (cM. puc. 60) HaxoguTCA
B HenocpeacTBeHHOM 6nMsoct o YADC, B npefenax 60-KkM 30HBI BOKPYT peakropa, Ha
TeppuTOopuH YKpaunbl U benapycu. KapTuha sarpsasHenus B 61uxHedn 3oHe YASC Becbma
HeOTHOPOAHA (6OJbIIIEH YacThIO, IO TeM Ke NPHYKMHAM, YTO U Ha KapTax PerMOHaILHOrO
pasfena), Hau6o/IbllIMe YPOBHH OTMEYaIOTCA B ceBepHOM cekTope. CTPyKTypa maTHa
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in order to estimate the deposition that had resulted from the CNPP accident, the
contribution from weapons' testing had to be subtracted from the tetal (the contribution
from the terrestrial deposition of caesium-137 discharged in liquid effluents from Sellafield
is sufficiently small that no explicit correction needed to be made}. The average
contribution from weapons' fallout in each | by 1 km cell was sublracted from the total
caesium- 137 deposits estimated for the same cell, Where this average level exceaded the total
deposition predicted for a 1 hy 1 km cell, the contribution from 1he CNPP accident was
assumed 1o be zero. This approach has clear limitations and may result in large uncertainties
in estimates of the amount of Chernobyl cagsium- 137 depasited in some countries. 'These
uncertainties will, however, he greatest for those countries which experienced the lowest

JATrpRIHEHHA JaET BOIMO:KHOCTE MPQCICAHTE OCHORHBIE TPAEKTOPHH Bblﬁpﬂ-ﬂa.

Epsucko-Tomeascro-Mornwterckoe naTHo (e, puc. 58 1 59), PACMoA0MEITHOL 114 TEPPH-
TopHH BenapycH 1 Poccnu npasepHo R 150-250 km oT YAIC, Takxe nonpobue
npelcTakASHO HA KAPTAY JIOKATLHOTO paigesa. HecMOTPS na T4, 'ITO MATHO PACHOIOECHO
Ha 3HAYHMTEARHOM PACCTOREWY oT HAZ(, YPOBHM 3arpa3sHEHEHEMA TAM 33YACTYH) BbILLE
YPOBHCH 2ATPAIHEHHA B HEROTOPLIX PARGHAY Bl-KM 308K BOKDYT peakTopa. B Bpaucxo-
Fomeapcko-Maruaercrkas TATHE DTMEYAOTCA YPOBHH 3ArPASHENWA, MOXOJIATIIHE
npusepao oo 8 000 kBr/m? (216 Ku/km?), & B nedTpansHoM nathe - 1o 40 000 kBrfw?

f1080 Kifrem?).

levels of deposition and will he of little significance in determining the everall amount of
Chernobyl caesium-137 deposited en Eurcpe. Nonetheless, this aspect warrants further
attention in future with a view 10 making more rigerous estimates of Chernobyl deposition
in the less affected countries.

G. KonuuecTBo BeinageHHI Ueana-137 B Eepone u ero
IPOCTPaHCTBEHHOE PACcTIpeleneHHe

ObLee KOAKYeCTRO BEIMATen 1e3in-137 6 peayasTaTe UepuoSeiipckoi anapuu Gblio
QUEHEHQ (10 TEPPHUTOPHH EBDAIb B UCIOM M 110 KOKAMH (TPaHe B oTReNLHOCTH. 14 3Toro
BB MCIOABI0EAR CASIYIOWIHE Toaxon. Buanare OGmia nocTpoeHa CCTKA 3HAMCHMA
CYMMAPHOLC 33[PAIHEHHA Ug3Hem-137 (B peayakTaTe ANEPHBIX MCTIEITAHMI B aTMocdepe,
Yeprolmab kol aBapuy 1 1.4.) ona soe EBponbl ¢ waros 1 X 1 kM, OYTEM MHTCPIO-
ANLMH TAHHBIX, HCROIB3QBABLUIMXCA IAA MOCTPOCHHA KAPT PErHOHAMBHOID Pallena,
CyMMapHoe KonHIecTEo uesna-137 b LEpone H B OTASABHEIX CTPaHaX GbIACG ONPEneAcHo
NYTEM CACAEHHMN BeiMUHH B Y3Tax ceTky. Jia paHoHOB M CTPaH, MO KOTOpHM HE SBLIO
HOAYUEHD KAPT BBHAY OTCYTCTEHA MAH HELOUIATEA JAHHBLY, HeeOXOmMMO Bbl10 BBECTH
nonpaskn, 1o cTpaHan, rIg JaHHEIE OTCYTCTROBATH 10 HeOOMBIIMM DABOHAM (HATIPHAED,
Cwitwnua B MTanum), G600 HPHHHTO CNeAYOMIge JONYILEHHE, (PEAHWH YPOBEHL
3aTPHALRIHY I8 Beefl CTPAHBI PACOPOCTPAHANCA HA PBAOH € OTCYICTHEMEM UIHHBIX. B
CY48E OTCYTETEMH JAHLILIX 110 BCe# CTpaHe (a WmeHHO, Anbanwa, Bocuna-Lepuerosnna,
Boarapua, §uRINag orocnaBokan pecnyfianka Makenoani, Honanana, Noptyranua,
Cepfiua) oaa 1ee B $CHONBICEAIH CPEIHMA YPOREHE 33T PAZHEHMA COCETHHY CTPAM.

The estimates of the taral and Chernobyl deposits of caesium-137 are summarised in Table
II1.1 for each country and for Europe as a whole, The 1otal ameunt of Chernobyl caesium-
137 deposited on the land mass of Europe is estimated to be about 64 FBg (1.7 MU, A
fraction of the caesium-137 released in the accident will also have been deposited over
European water hodies and some will have been transported beyond the air masses abave
Europe and deposited over other continents and oceans. It is unlikely, however, that these
amounts will exceed more than twenty per cenl of the amount depaosited aver the European
land mass |28]. Assuming that not more than 20% was dispersed and deposited beyond
Europe, the total amount of cagsium-137 estimated to be released in the CNPP is less than
77 PBq (2.1 MCi). This iz in broad agreement with previously published estimates of 74 - 85
PBq (2 - 2.3 MCi) [11-13].

Estimates arz also given in Table ITL1 of the areas in each country, and for Europe as a
whole, with levels of total caestum-137 deposition within specified ranges. The percentage of
Chernobyl cacsium-13% deposited in each Eurapean country is also indicated in Table II1.1.
together with the areas where deposition cxceeds, or falls within, particular intervals. The
areas in cach country where the deposition level of caesium- 137 exceeds one or other of the
levels adopted in compiling the local maps of enhanced deposition ate given in Table TIL2.

Ana onpeneneinss KOMHILCTR MePHOGRABCKHY BHTIAACHHA HYHHO H3 BEAHYHHE]
CyMMAPHOTO 3aCPAZHEHHA BLIMECTH BEMHYMLY MO0 IBX BEINAUEHHI (BrALl Leana-137
B pesvanTaTe cfipocop B Cenmaduanae, BeankofpHTanua, npenepesuTeasHo Man). Ha
KARNOH BEAMYHHBI CYMMAPHOTO SAIPHIICHHA, DULIRUNGH 110 CeTKe paamepom | X 1 Kk,
BLIYUMTANACE CPEeINAA ROAHYHHA TAORATEHOrD 3ArpAIHENHA IE3HEM- 137 B pesyaLTaTe
MCTIBITAHHIE ANepHOTO OpvEHA. [IPHIIMMANOCD, 4TO B TeX MECTAX, I1e T4 CpelHan

Table 111.1: Total caesinm-137 depositiont on Europe just after the Chernobyl accident

(Al values guoted 1o two sigmificant figures)

Tatauya U1 Cymmaprozo jazpasueniie Capono weauem-137 HepHobpnoacxoid asapiiu
(EymMaPHOE i HEPHOBIABEROE Ja2pasnerue)

Axea {in 107 km2) with deposition in the specified range (kB o? (Ci km:2)) 137C3 deposit (3
Country Surface [Tromapm (» 10¢ kM) ¢ paaPriHbLING CHEAZ0RAMA SArPAAHeA 8 x6x . w2 (K. xec?) Bemagenns B3 (3
Crpana ared Cheenobyl
];:llﬂﬂ';f;ﬂ; Tedal YepHeisymcne
0%k} | <1 1-2 2-4 4-10 | 10-20 | 20-40 | s0.100 | rooass | 185555 | 5551480 | 1480 C;::‘;%'i‘]“ L Lo ik
(0-0.027) [i0.027-0054) | (0.054-0.110) | @.11-0.27) | (R27-0.54) | {0540.08) | (L.08-2.7} | (1.7-5) {5-15) (15-40) {=d} Uik} [BwlxiGe) m
Austria - ABCTPHA B | 0] .13 17 17 I8 15 11 .08 |8 {49} 1.6(42) 2.4
Belarus - Banapyes I k) 4t 51 7 L& 2] B a7 G4 4.4 18 15 {414]) 15 (400 13
Belgivm - Bearrun 3l B.L Lo 12 008 0053 (1.4} |oozer | o002
Croatia - Xopuatka 56 .07 Lo 6.2 24 1 0o 0.37 (9.9) 0.21{5.5} 0.33
Crach Republic - Yexmn 749 21 42 14 15 02 < 0.01 0E{18) 0.34 {9.3) .59
Denmack - Hauwn 45 5.4 20 1 0.8 0.087 (2.4} G016 {0.43) 0.02
Eslonia - JeToRMA 45 005 3.0 k1 87 1.7 0.28 < (.01 0,13 (4.7) 0,051 (1.4} .08
Finland - $mmaanmin 3440 1.2 124 45 50 32 54 1% 3.5 {100} 3.1 {83) 48
France - Gpasuue a3l 250 100 7 iz 1.2 0.93 {25} 0.35{9.4) 0,55
Germany - TepManrs 30 8.4 o8 144] 110 1 L4 0z L9{5l} 1.2 (52) L&
Greece - [penan 1 50 K] L6 kRS 32 21 g3 1.2 004 0.25 {26) 0.6% (19) 1.1
Hungary - Benrpun 33 25 3 31 X 52 0.23 0.37 {10} D.151{4.1) 0.24
Ireland - Mpranoua | 1.0 10 zl 47 1.3 00l .35 {94} 0.21 {5.8) .33
Maly 1" - Mramea (O ) 144 42 37 k) 15 7 13 005 0.85 {25} 057 (13 0.90
latvia - fTateHa nd n.0l 005 43 21 025 (6.8} 0.055{1.5} 004
Lithuanjs - Nutas f2 31 L4 18 0.05 044 (12} 024 (6.5] Q.38
Luxembonyg - Tokcembypr 6 00 7.4 0.12 -G008 (0.21)  [ooud ooy | < oo
Maoldavia - Monpanna 34 .04 13 L) 19 040(11} 0.24{9.2) 0.53
Neiheriands - Hugeprauan a5 4 1% 21 0.64 G062 (1.7) 0.01{0.28) 0.02
Norway - Hopeerua M 14 76 65 8% 44 e 7.1 0.0 2.5 (a8} 2.0153) 3.1
Poland - (Tamema 30 044 110 120 71 LG 15 .52 1.2{32} A (I3 .63
Romania - Pymeua 240 1.6 9 34 120 54 13 1.2 2.1{55) 1.5 (41) 14
Russia { Furopean part] - 3800 33 300 19K 1L 250 180 44 7.2 59 2.3 0,45 29 (780) 19 [520) 30
Poccxn (Esponefckan qack)
Slovek Republic - Cnomaxns 49 201 3 32 &8 [£X<)) nnz 0.32 (8.8) 0.18 (4.7) 024
Slavertis - Cronetisn 20 < 0.0 i3 014 75 E.l 8.7 0.6 0.39 (11} 0.33{3.9) 0.52
Spain - H¢nanun 501 3on 106 23l 038 (10} [GETRTEES] .05
Sweden - [neuks 450 120 1043 T8 a3 11 33 23 44 < 001 35() 29(79) 4.6
Switzerlard - 1zeanapus 4 < 001 6.2 26 64 23 0.73 0.36 [9.%) 0.27{7.3) 043
Turkey (Earopean part) - Y 035 22 .04 0.16 (4.2] 0.10{28) | 0.16
TypuHA {EBpOTIEHCKAR YALh)
Ukraine - ¥kpauia 8010 0.24 14 140 244 120 43 29 43 34 0,73 0,56 13 [350) 12 (3107 1%
United Kingdom - BemmsoGpiranua 240 53 43 5l ad 15 1.7 0.ng 004 .09 0.98 (24} 053 (14} 0.83
Reprrting codnttics 9200 1100 1200 3000 2400 740 440 160 15 a0 .1 28 B2 (2200 63 (1700) o8
Hayuenueie cTpans
Burope 2 9700 Ba 2300y | sa0700) | 100
Eepoma » ienom 2}
World {Europe + 209} 77 {2100)
Becr smp (Espona + 209%)
) Exclidistg Sicily 11! fes Crypauu

422 Uty COCATOUAT B CYMAH AHOHERIAE, RIMYHERFINN 0 LIYSER el Cmiparith, © d8e0Lies HOHDddNY
{r.w.p«r:&ez {1 G) R cripay wll fatloHod, de Komafiby He Gptn mﬁpﬂuo AanHRLY [rH.e, Ao Aalensln, Boctee-

Fepugeosune, Baraapum Bartunn Wozorrasckar Pecnpbauna Mavedonuu, Meranduu, Cepun 4 Cuyutun}

13 Prcewte migo, vexods wp s grgex pazmepes 1 x 1 Ks, WoRDABICOANTON JAR provema Seoia e
Wezua- 137

T2} Sum of the values from reporting covmtrtes cnrrected [see Section 1ILG) for mon weporting counttiesfregions Tie,
Albmnia, Hosmwia-Merzegovina, Bulgaria, Foraer Yugoslavian Repeblic Of Macedonia, feeland, Poriugal, Serbia
and Sicrly)

T2 Lyerived as the sur af the average caresturn - {37 deposit i eech 1 a1 km eelf apart frpen Belarus, Russia and
Cfkraires, For the lorter coneteries tie vatues were derevad as the swar of the products of rhe areo and average
deposition for each depasition interval



Brimanenus apyrux panHonykmuzos YepHoGbiabckoro NPOHCXoRIeH A (MoMuM0 wesia-137) - Chernobyl deposits other than caesium-137 ] 9

Table II1.2: Areas in each country with caesium-137 deposttion in excess of spectfied levels
Tatauxg [11.2: Teppumopri 6 Kawdoh (mpane ¢ IACPRINEREM MECIINOCMTH Hesuem-137,
HPEBIO LM OTIPEBENEHNBIE yPodNN

Countey Local scale maps fin 102 Jan®}
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Switzerland - IDeefinapur : 0.73
Ulraine - Yipenoa 38 0.56
United Kingdom - BemmcoSpreranna 0.6

) Exeluding Sterly
Ml ea Canzarnn

IV. Chernobyl deposits other than caesium-137

A. Introduction

This Atlas is concerned with those deposited radionuclides which have largely determined,
and continue to determine, the medium and longer term radiological impact of the
accident. The focus of the Atlas is, therefore, the depasitian of cacsium- 137 and, 10 a lesser
extent, caesium-134. Consideration is also given to the deposition of radionuclides of
strontium and plutoniom because they are often the focus of public interest; their
radiological significance, in comparison with cagsium-137, is however small,

B. Deposition patterns for caesium-134 -

Caesinm- 134 was also an important constituent of the radipactive material released in the
accident. In terms of activity (ie. in Bg or (i}, its release was about 56% of that of caesium-
137 {see Table 11.1}. The deposition patterns of caesium-134 are essentially replicas {albeit
with different levels of deposition} of those for caesium-137; consequently, maps of
caesium-134 are not presented in the Atlas. The deposition levels of caesium-134 can,
however, be readily estimared frarn the maps of caesium-137 by appropriate scaling. Where
the total deposition levels of caesium-137 are high compared with those from weapans'
fallour, the cassium-134 levels can be abtained by scaling the caesium-137 levels by a factor
of 0.56; where this is not the case, the weapons’ fallout should first be subtracted from the
tetal eaesium-137 level before scaling, There are two exceptions to this generalisation; these
concern these areas with elevated deposition caused by the Mayak accident and liquid
discharges from Sellafield. The deposition maps of caesium-137 and the levels of caesium-
134 derived in the above manner represent deposition levels pertaining in May 1986 just
after the release had terminated and the released material had been dispersed beyond the
boundaries of Europe. Depesition levels of each nuclide at other times can be readily
estimated from the maps by scaling the reported levels by the factors below,

Table V.1 The factor by which the deposition levels of caesivm-137 reported in the maps
should be scaled to obtain deposition levels of caesium-134 and -137 ar differenr times

Time after Factar by which the depasition levels af caesium-137
depositicn ceazed reported in the maps should be scaled to sivain
(8} deposition levels of caesinm -134 and -137 (1
Casgitn- 134 Caes|im-]137

&) L5 1

0.5 (.47 099
1 0.40 0.98 ]
2 0,29 (.98
5 . .18 8%

10 Q.08 079

20 Qa7 063

0 =0 032

100 =0 010

(0 Vahies are quatﬁd ta Iwi sl'gnfﬁmnl ﬁgurﬁ

Because of its much shorter half life (2.06 a) the deposition levels of cacsium-134 have
declined rapidly in comparison with caesiom-137. Some 12 years after the accident, the
residual deposition levels {in terms of activity) of caesium- 134 are only about 1% of those of
caesium- 137, In terms of exposure of the population, however, the relative importance of
caesiuim-134 (per unit activity deposit) is about three times greater than would be indicated
by a direct comparison of their respective deposition levels; this is due to the energy of the
radiztion emitted when caesium-134 decays being abow (hree times that for caesium-137.
As a consequence, the contribution of caesium-134 to the exposure of the population
during the first one o two years of the accident exceeded that of caesium-137.

C. Deposition patterns for sirontium-20 and plutonium -239, -240

Maps for these nuclides are included solely for completeness and because concern is often
expressed about their importance. Their radiological significance on a European scale is
small in comparison with that of caesium-137; consequently, relatively little effort has been
allocated in most European countries to measuring their patterns of deposition. Morsover,

BEAKIHHA TIPEBRIIUANA CYMMAPHOE 321 PR3HEHNE, DACCYMTAHHCE AR ceTKH 1 X 1 KM, BKAAA
9ePHOOLIILCKOTO 33T PHSIEHMA PABEH HYAD, 2TOT MOOXOM, GEIYCADBIID, MOMKET MPHBECTH
K GOALIOHA HEOMNPEcN2HHOCTH B OUCHKAX KONHMACTES Neaua-137 qepHoBBINpCKOTO
OPDHLXOEIEHHA B OTAETRHHX CTPaHAX, 3Ta HEONPeNeCHHOCTE OYAET EECEMA
CYUIECTBEHHA AMA CTPAH ¢ IIHAKHMH YPOBHAMM 3aTPAIHEHHA M BSChMA Mada [IPM ompe-
AnerHn 061ers KonuM4ecTaa YepHOSMABCKOrO nesHA-137, Brnaswero 2 Lopone,
Crnucan HblH acieT TpedyeT GOMnee NPHCTANBHOIG BHHMAHHA B GYAYLLEM NPH YTOUHEHHORA
OLSHKR 4EPIDELLILCKHY BEIMARCHME B HAMMEHEe 3aTPASHCHHBIX CTpaHax.

OUeHKH KOTHHECTRA YEPHOOBIMBCKMX BhiNaZeHHI LeaMa-137 ANA Kaxnoi cTPausl H 14
Eaponk B LenoM NopwuToxeHE B Tafmuue O1L1. COwee KoIM4eCTRO YeprOdmibckoro
uesda-137, epinagwero Ha repprropuy Epponel, oueHnsastea npudodaurentue & 64 TIBk
{1,7 MKu). Yactb obmero xoauuecTea nezHa-137, BEIOPOIUEHHOT D BO BpemA asapHi,
BbINANA Haf £BPONEACKMMH AKBATOPHAMM, Y3CTh, 0AATOLADA NEPEHOCY € BOANYILHEIMH
MACCAMM, - Hal IPYTHMH KOHTHHEHT2MH H 0keanaMu. COnnaky, MaaoBEpOATHE, ITO
BREIOPOWEHHOE KOAHYECTRO IIpesbIcHT 20% oT KoAWUeCTEA NeaMa-137, BRMNABILENG HA
ErponefckWi Maccua cyird [28). TlpeanonowHe, Sto e Goaee 20% Bulno paccesHo K
BLINAI0 BHE TEPPHTOPUM EBpONnl, 00lUes KOIHUSCTRA 1038 - 137, puinasiers o
pPeayabTaTe HoepHOSHINLCKGH ABAPHH, MOWHO OUSITMTL BenH4HHoM oxono 77 [TBk (2,1
MEKn}. 3To cornacyerca ¢ panee onySAMKOBIHHEBIMH DleHRaMH: T4-85 [TBk {2,0-2,3 MKu)
[11-13],

B Tabauue 1111 npHEORATCH Tak®e OUEHKH PasMepoR TEPPHTOPHI MO kaANOH cTpaHe H
no EBpOne B LUCAOM ¢ YPORHAMH CYMMAPHOTO SATPAZHEHKA UeaHeM-137 B HEKOTOPLIX
AHallasoHax. Tam »xé NpUBENEH IPOUEHT OOLIErG KOIH4ECTEA YePHOOBLIBCKOrD LeSHA-
137, BRMABIISTD B KAk LOH eBpoNelckoR cTpane.

B Tabanue [I1.2 10Ka3anbl pasMepsl TEPPUTOPHE B IPEAENax KaxkOOA cTPaHEL, Mg YPUBEHE
BATPASHEHHA UE3HeM-137 MPeBLIUEET TOT HAK HIOA YPOBEHL, NPHHATEHA a4
COCTABAEHHA KaPT PARUHOB € OBBILIEHHBIM 3ATPA3HEHHEM TOKRILHAIT Pasnena Arnaca.

IV. Boimamenws Dpyrux pagMOHYKAHAOR Y€PHOOBUIBCKOTO
NPOHCXOATEHHA (MOMHMO Ueansn-137)

A. Bregecune

B ATnace paccMaTpHBAeTCA 3aTPA3HEHME PANMORYEIHIAAMYE, B 3HAYHTENBNCH CTEIIZIN
QUPEACAABUIHMHE M MPOLOMAAK LHME QIIPEHNEIATE CPEAHECPOYHEIE W IIUTEAbHEE
PEnHOIOTHYSCKHE OCACACTEHA aBapHH. [ToaToMy B LEHTPE BHHMEHHY - 3arpa2iieHUe
nezueM- 137 1, B NeCKOABKD MENBLUEH (TENeHH, HesneM-134, Takmxe paccMaTpuBRacTon
SAUPAIHERKE DAJIHOHYKAHAAMHY CTPDOHUKA M MAYTOHHA, HOCKOIbLKY 3TOT 4CLICKT 4aCTo
EBIJRIBUET BOIIPUCH ¥ YHTATEAH: TeM HE MeHEE, HX paAHOAOTHTECKAN 3HAMHMOCTE 0
CPABHEHHN CO AHAMMOCTRKY Ue3Ha-137 nocae MepiodeinbcKod apapHy Mana.

B. Hszoroobn HesHAa

TocEOMBRY ATIAC MOCRAINCH B OCHOBHOM LUe3HO-137, HeofXoaMMo OCTAHOBHTECA HA
MM BBYX APYTHX H30TOMOE LE3HA - Oe3ua-134 ¥ meaua-136.

COOTHOIMISHHA AKTHEHOCTER Aj 3HAYHMBIX PALHOAKTHEEHX H30TOWOB LESHA B
HEPHOOLLAECKOM BIOPace B OKPYRKAIOLIYIO CPETY Hi MOMENRT 3BADHH COCTABMIO!
AzziAczas Ae= 1.0:0.28: 056

Kaxnpit u3 37Hx H30TOMOR HIPaeT QIPENeACHHYIQ PO IPH CUEIKE MOCAeACTEHA
HepHolnmbckol apapur, Ecan wesni-136 (ero nepron noaypacoana - 12,98 nHend} sasen
AHINE OPH OUEHKE BHYTPEHHEre 0OIYHEHHA N0 HBTAAAUMGHIIOMY 1(YTH H 1TDATOMY CAEMYeT
YMHTEIBATE €ro KOHUSHTPALMH B BOSLYXE B HAYaNLHOE BPeMNA, TO Deawd-134 (Gonee
OOATOHMBYILHE - 2,06 AeT} B MOMOAHCHME K Neano- 137 HrpaeT BECEMA CYUIECTBEHHYID
Posts 1I0CHE BEIIALEIIHA HA 3€MHYI0 MOBEPXHOCTE, T.KE. ARTACTCA SHAYHMEBIM KOMITOHEHTOM
(hopMUpORAHHA KaK BHELHEH, TAK H BHYTpeHHeH A03p 0OAYUEHHA HACEACHHA C Y1ETOM
BOAMOEKIICTD JATPAIHEHHA WM BOBL H TIPOSYKTOR IIHTEHHA.

B cpasu ¢ TEM, YTO BHEPT'ETH‘{tCKHﬁ PEIXOA UC3MA-134 Kak TaMra-HATYIATENT BEEChMA
Beanx (1,55 MaB/pacnan) v OpeBbIIaeT MOMTH B TPM Pasd SHEPTETHMECKHE BHIXOJ LE3HH-
137 ¢ ECPOTROKHEYLLIMM NPOAYETOM €ro pacoaga Bapues-137 (0,56 MaBfpacoan), poas
3TOTO PAOHMOHYAMOA MOCAE TArO, Kak cPOPMHPUBAANCE 11G/AH BBIIIALEHNH, OPH
opMAPOBAHKA LUSKW BHELIHETO W BHYTPEHHEED OOAYICHUA QdKE NPEERILLAET POIb
ueadA-137 B TeusHHe NEphora roud nocie agapii. J1o0 00CToATeNeCTRO 0CODEHHED BAMKHO
AR JATBHEH 30HB, K KOTOPOH MOKHO QTHECTH G0IRIIYID YacTh Exponl, tae nocie
bricTpOro pacnapz wopd-131, reanypa-132 c noaom-132, Gapua-[40 ¢ nanranom-140
UezHA- 130 ofa JeATOHHBYIIHY HAGTOMA UE3HA CTANOBATCA OCHOBHEIMH 0030-
oOPAIYIGLLMMH DAJUCHYEAHLAMH.

Ha Taéauue [V.2. npencTapneHo H3MeHeHHe BO BPeMeHM 3a 10 neT nocne apapuu
OTHOILEHHA AKTHRROCTEH L23HA-134 k weanio-137 (wimknn rpadunk), ¢ 0oMOWBD
KOTOPLIX, HMEA KAPTY 3arpAIHCHHA MECTHOCTH We3HEM-137, MOMHO Ha TO e BpeMA
MOCTPOHTE KAPTY 3arpAIHEHHA MECTHOCTH LeaHeM- 1 34,

Bepxuuit rpaq:mrc Tafumne [V.2. gaer TIPEACTABIEHUE OO OTHOCHTEALHOM 3HAYLHKH QOCHX
H30TOLIOR IIPH (POPMMPOBAHEN MOLLHOCTM HC3h [aMMa-HITyEHHA 00CIe MX BBINA1eHHA
Ha MECTHOLTE, M3 HETD CIeAyeT, wTo Gonee 1,2 aeT ueanfi-134 paer HoNpLIMK BrAal B
EYMMAPHYIO MOLWHOCTE HO3LI OT JBYX HIOTCMCE M JaXe Hepes 6,3 18T BHOCHT B Hee 2090,

Tatnuya IV.2. Hamenenue 80 spemenn ommowenus axrmusrocmu 39CY 1370 4 omnpusenua
LK 2AMMA-QRMUGHOCHY (@ eOLHLILAX HCRYCKAEMOZ0 2AMMI- LAV EHIR)

Bpesr nocie dbapHi AXTHRHOCTE I AKTREROCTH
[meTa) (OTHOCHTE S Hb¢ £HHIR} (OTHOCHTATHALIE &THHETIEI}
a .56 1.55
1.0 04l 1.12
EX] 0215 .64
6.5 2.071 4.20
194 Q.24 ¥Ry




20 Chernobyl deposits other than caesium-137 - BeimajgeHus 1pyrux paguoHyKiuios JepHoObIIbCKOro NIPOHCXOKAECHUA (MOMUMO UesHA-137)

because of their lower volatility and the forms in which they were released in the accident,
nuclides of strontium and plutonium were deposited more rapidly from the atmosphere
than those of caesium and their significance is limited to relatively small (in a European
context) areas. Deposition patterns of strontium-90, plutonium-239, -240 are illustrated in
Figures V.1 and [V.2 for the region around the CNPP where these nuclides were

preferentially deposited.

Fig IV.1 Distribution, in December 1989, of depusited strontiuni-90 released in the Chernobyl
accident
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V. The current (ie, in 1998) radiological significance of the Chernobyl
deposits

A, Introduction

Man is exposed to ionising radiation from many different sources of both natural and
artificial origin. Caesium-137 deposited over Europe as a result of the CNPP accident
represents an additional source of exposure, the significance of which varies, inter alia, with
the level of deposition, For perspective and to enable the reader to better appreciate the
radiological significance of the caesium-137 deposits illustrated in this Atlas, current
exposures from this source are compared with those from other sources. The broader
question of past exposures of the population as a result of the CNPP accident is beyond the
scope of this Atlas; those with an interest in this topic should refer to |18, 27-34].

lonising radiation occurs naturally and can be produced artificially. Natural ionising
radiation arises from outer space, where cosmic rays are formed, and in and on the earth,
where radionuclides normally present in soil, air, water, food and the body undergo
radioactive decay. lonising radiation from artificial or man-made sources is produced in
many ways, for example, in the explosion of nuclear weapons, in the production of
electricity by nuclear means, by activation of stable elements, by particle accelerators-and by
X-ray machines,

Human exposure to radiation occurs by irradiation from sources outside the body (external
exposure) or from radioactive material taken into the body through ingestion and
inhalation (internal exposure). Radionuclides are characterised by the nature and energy of
the radiation they emit when they decay and their half-life (ie, the period over which the
initial number of atoms is reduced by a factor of two by decay). The half-life of
radionuclides varies from a tiny fraction of a second to billions of years. The half-life of
caesium-137, for example, is about 30 years.

The main sources of ionising radiation are described together with the contribution they
make, on average, to the exposure of the population of Europe. The dose estimates are taken
largely from a recent world-wide review by the United Nations Commilte¢ on the Effects of
Atomic Radiation (UNSCEAR) [27].

Yposuu sarpaaHenus uesnemM-134 ua 10 man 1986 r. moryT OuiTh NpUGIHIHTENLHD
QlieHeHbl M0 KapTas 3arpaaHeHHA Heanem- 137, npuseneHHEIM B ATnace. 3To MoskeT OMTE
cHeJaHo CIENYIHM 006pasoM: U3 SHaYeHHA CYMMAPHOID sarpasHeHHA ueanem-137 B
onpelenreHHoNl TOYKe BEIMHTAETCA OLEHOYHAA BEIHYHHA 3arpA3HeHHA Heauem-137 no
Yepuobfeibckolt apapHy B TOA e To4ke (cMm. crp. 15), M noayHeHHan pasHOCTh
yMHOKaeTeA Ha koaddmunent 0,56,

Fig 1V.2 Distriburion, in December 1989, of deposited piutonium-239 and plutonivm-240
released in the Chernobyl accident
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C. Cnegpl BhINageHH cTpoHUHA-90 n mIyronns-239,240

KapTel sarpasseHus sTHMH paguoByKIHAaMK GBLIH BEKTIOYEHB B ATIAC 118 MOTHOTEI
OCBELICHHA NOCTENCTEHA ABAPHH, M TOCKOALKY HX 3HaYHMOCTD YacTO BbI3bIBACT HHTEpEC.
Hx papuonornueckas sHavnMOCTh Hepeanka mia crpan Sananuoit Esponsi o cpaBHeHHIo
¢ neanem-137; moaromy B HoaepmuHcTRe crpad Esponw kaprorpadmupoBanuio
3ArPAIHEHUA STHMH PATHOHYKAHAAMK He YASAANOCE MEPROCTENEHHOTO BHUManua. Jleno
B TOM, 4TO B CHIY MAIOH METYYECTH M hopM, B KOTOPBIX OHY GBITH BRIGDOIIEHET BO BPEMA
ABAPMH, BRINASCHHE DALHOHYKANAOE CTPOHUKA K IVIYTOHMA M3 aTMOC(peprl TPOXOAHID
61.1::1'pee, TéM BLIMNANEHME LE3NA, W IJIOLLAOH, JArPAIHCHHBIE HMH, OTPaHMYeH B
OTHOCHTeNBHO HeboARMIMMH (B eBponefickom macwtale) reppuropuamu. Kapru
sarpasHenia crponunesm-90 u nayTonrem-239,240 npusegenst va puc. IV.1 1 V.2 pna
6muxuei sonsl YADC, rie M IPOHSOLIIC, B OCHOBHOM, HX BEINAJCHHE.

V. Pagsonormdyeckas sHaYMMOCTH 3ATPpHA3HEHHA B PE3YIbTaTE
YepnoOuIbeKoi aBapuu

A. Brepenue

Henosek monBepied BOSAERCTBMIO HOHHIMPYIOUIETO MIAYYEHHA OT PAINHYHBIX
HCTOMHHKOE Kak €CTECTREHHOID, TAK M MCKYCCTEEHHOTO OpOoMCXOMICHHA, gal‘p.ﬂﬂ.l[EHHE
ueanem-137 B EBpone B pesynabTate Yeprobrinbckoit apapuu npencrasaner cobolkt
AOTIOJHATELHEIA HCTOYHHMK PANMALHOHHOTO BO3NEACTBHA, 3HAMMMOCTL KOTOPOFO
M3MEHAETCH B 3aBHCHMOCTH OT YPOBHA 3arpasueHud. Utobsl TO3IBOMHTE YHTATENIO
OUEHHTH PAlHONOTUYECKYI0 3HAYHMOCTD 3arPASHEHWA LleanemM-137, B ATnace npoBeneHo
CpaBHEHHE COBPEMEHHOTO PAIHANMOHHOIG BOIASHCTBHA 3TOT0 HCTOYHHKA ¢ BO3OEH-
CTEHAMHM EP}'H{X_ HcrTouHHKoB. Bonee IMHPOKGEe OCRENIEHWE HPDEJIEMH DGII}"—IEI[H’H
HAceneHus B pesynsTate YepHoOLLTECKOH ABAPHHM B MPOLIIOM BHIXOIMT 33 PAMKM 3afay
ATnaca. IuTaTeny, HHTEPECYIOUIHECH ITHM BOIPOCOM, MOTYT 06paTHThCA ¥ |18, 27-34],

Hounanpylolmee MamyueHte BOIHUKIET ECTECTREHHBIM IYTEM M MOXKET OBITE MIOAYHEHO
HCKYCCTBEHHO. EcrecrpeHHOS HOHHMAHPYIOUIEE MAAYVUEHHE BOIHHKAET B HKOCMHYECKOM
NPOCTPAHCTEE, Tae (POPMHPYIOTCA KOCMHYECKHE VUM, 2 TAKHKE Ha 3eMie 1 b ee HeApax,
TA€ B TOPHBIX TTOPOJAN, [TOYBE, BOJAYXE, BOLE, NHIICBIX NPOAYKTAX H B OPraHM3aMax mpH-
CYTCTBYIOT HEXOTOPBIE TAK HA3BIBAEMBIE ECTECTBEHHLIE pagHoHYRMNALL HMonuaupyloiee
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B. Natural sources

Cosmic radiation and cosmogenic radionuclides: Space is permeated by ionising
radiation of various types and energies. The primary cosmic radiation, of solar and galactic
origin, consists mainly of charged nuclei and extends over a very wide energy range. The
secondary cosmic radiation comprises the products of interactions between the primary
radiation and the earth's atmosphere. The global per caput annual effective dose from
external cosmic radiation is about 0.38 mSv (38 mrem) but there is considerable variation
with altitude (eg, about 0.27 mSv (27 mrem) at sea level, about 0.8 mSv (80 mrem) at 2.2
km (Mexico City) and about 2 mSv (200 mrem) at 3.9 km (Le Paz, Bolivia)). Cosmic rays
also produce a variety of radionuclides through their interaction with elements in the
atmosphere. The most significant is carbon-14 which, through its intake into the body,
results in a global per caput annual effective dose of about 0.012 mSv (1.2 mrem).

Terrestrial radiation: Only radionuclides with half-lives comparable with the age of the
earth still exist in terrestrial materials. In terms of human exposure, the principal primordial
radionuclides are presented in Table V.1. The average content of uranium, thorium and
potassium in the earth's crust is 2.5 1074 %, 1.3 10-> % and 2.5%, respectively, and those in
soils (which are determined by the rocks from which they were formed and the processes of
soil formation) are on average about a factor of two lower. There is considerable variation
with rock and soil type.

Table V.1: Characteristics of important natural terrestrial radionuclides
Tabauya V.1. Xapakmepucmuxy 8a’Hoix paduoHyKaudos 8 3eMHotl Kope

Isotope abundance (%) (1) half-life origin
EcTecTBeHH bl OTHOCHTEIbHOE ’ Ilepuon OPOMCXOXKIEH He
PATMOHYKIH 1 conepxanue (%) nonypacna na

40K 0.0119 1.2810%a genesis - reHesMc
32Th 100 14110104 genesis - reHeanc
234 0.0055 2.4510%a 28y

35U 0.720 7.04108a genesis - renesnc
238U 99.3 44710%a genesis - reHeauc

(1) with respect to the corresponding element

Exposure from terrestrial radiation can occur in three main ways: direct external exposure
and internal exposure from the ingestion of foodstuffs and from inhalation. The per caput
annual effective dose from external exposure is about 0.46 mSv (46 mrem) although there is
considerable variation about this level depending on local geology; in some regions of the
world the dose may be 10 times greater and up to about 100 times greater in specific
locations. The internal dose (excluding the inhalation of radon) is about 0.23 mSv (23
mrem); potassium-40 contributes about 75% of this dose with the remainder from
radionuclides in the uranium and thorium decay series. The internal dose from potassium-
40 is nearly uniform in the population, whereas that from uranium and thorium may vary
significantly.

The inhalation of radon in indoor air is by far the most important contributor to exposure
from natural sources. Radon is a noble gas and appears as two radioisotopes: radon-222
which radiologically is the most significant (daughter nucide of radium-226) and radon-220
which is often referred to as thoron (daughter nucide of radium 228). Its level indoors
depends on its rate of production (determined by the concentrations of radium-226) in soil
and other materials and the efficacy with which it is transported to, and removed from,
indoor air. These processes are influenced by many factors (eg, local geology, soil
characteristics, building materials, type of construction, ventilation, etc) and hence the levels
of indoor radon vary greatly. The global per caput annual effective dose from inhalation of
radon-222 and its progeny has been estimated as 1.2 mSv (120 mrem) with a further
contribution of about 0.07 mSv (7 mrem) from inhalation of thoron. In some geographic
regions, however, the per caput dose may be 10 times the average. Local geology and the type
of construction may combine to give doses several hundred times the global average in
houses.

C. Artificial sources

The way in which artificial sources of radiation are produced and how they are used
determine who in the population is exposed and to what extent. Those directly involved in
the production and use of radiation sources are exposed in the course of their work but this
aspect is not given further consideration here. The public is exposed directly (eg, from the
use of radiation for diagnosis and therapy in medicine) and indirectly (eg, as a result of the
release of radioactive material to the environment in both normal operation of nuclear
installations and as a result of accidents).

Medical uses: lonising radiation is widely used for both the diagnosis and treatment of
injuries and disease. The per caput annual effective dose in Europe from diagnosis
(diagnostic X-rays and nuclear medicine examinations) is about 1.1 mSv (110 mrem). There
is significant variation in this average dose between European countries (ranging from about
0.4 to 1.6 mSv (40 - 160 mrem)) with even greater variation on a global scale. The per caput
annual effective dose from therapy is about 0.7 mSv (70 mrem) (excluding the exposure of
the organ or tissue being deliberately exposed in the treatment) with, again, wide variation
between countries.

Atmospheric testing of nuclear weapons: Atmospheric testing of nuclear weapons began in
1945 and continued until 1980; more intensive periods of testing occurred in the 1950s and
early 1960s. As a result of these tests large amounts of radioactive material were released to
the atmosphere. Much of this material was dispersed in the stratosphere and was globally
dispersed prior to its deposition on the surface of the earth. The complete spectrum of
fission and fusion products generated in nuclear explosions was released in these tests but
current deposits are essentially limited to the longer lived radionuclides, mainly caesium-
137 and strontium-90 both with a half-life of approximately 30 years. The distribution, over
Europe in 1986, of caesium-137 deposited from weapons’ testing is illustrated in Figure III.1
(see Section III.D.1). The largest exposures occurred during the periods of testing but
declined significantly once atmospheric testing effectively ceased in the 1960s. The per caput
annual effective dose in 1998, in the 40°-50° N latitude band (where exposures are largest),
is about 0.009 mSv (0.9 mrem), with caesium-137 the major contributor.

H3Ty4Y€HHE OT MCKYCCTBEHHBIX HCTOYHHKOB 06pa3yeTc;1 MHOTHMH CHOCOéaMH, Hanpumep,
BO Bpe€MsA ALEPHOIO B3pbiBa, IIPHU pa60Te dTOMHBIX SHGKTPOCTaHuHHf;I, B pe3yabTarte
dKTHUBAUHUH CTabUNIbHBIX 3T€MECHTOB, ¢ NOMOLIBIO ycxopnTenei{ 49aCTHL, annapaToB
PEHTIT€HOBCKOTO H3/Ty4Y€HHA.

Ha 4genoBeka Bo3pmeficTByeT pagMaliMsi OT UCTOUHHKOB, HaXOALUUXCA BHe €ro Tesa
(BHemHee o6/1y4eHHe) WIK OT pafHOaKTUBHOIO MaTepHaa, NOTMafganliasi B OPraHHu3M C
nuIleH Y NpU AbIXaHWU (BHyTpeHHee 06nydyeHue). PalMOHYK/IMIOBI XapaKTePHU3YIOTCA
NPHPOAON U BHEPrHEH U3/TYyYeHHS, KOTOPYIO OHH MCIyCKAalOT NPHM pacrnaje U nojnypacnage
(monypacrnanoM Ha3blBalOT NMEPHUOJ, B TeUeHHE KOTOPOTO HavyajbHOe YHCIO aTOMOB
CHMKaeTcsa B 2 pasa). [lepon nosnypacnanga pagMOHYKIHIOB MeHsieTCS OT Majoi OOMH
CeKyHIbI O MJIPI. jJeT uau 6onbuie. HanpuMep, nepron nonypacnana uesus-137
cocrasnset 30,1 ropga.

Huxe onmchiBaloTcsi OCHOBHbBIE HCTOYHHKH HOHU3HPYIOLIETr0 M3/IyYeHHs!, a TaK:Ke TOT
BKJIaJl, KOTOPBII OHH BHOCAT B cpeiHeM B oOayueHHe Hacenenus EBponbl. OueHkH 103
B3sIThI, B OCHOBHOM, M3 HelaBHero BcemMHpHoro o63opa Komuccun OOH no Bospeit-
cTBHMAM sifepHo¥ paguaunu (UNSCEAR) [27]. '

B. IIpupogHble HCTOYHMKH

KocMuyeckas paguanus 4 KocMHUYecKHe PagHOHYKIHABL. KocMuyeckoe mpoCTpaHCTBO
MPOHM3bIBAETCSA MOHU3UPYIOLIUM H3TyYeHHeM pa3TMyHOIO0 NMPOHCXOXKIEHHUS U 3HEPTHH.
[lepBuyHasa xocMuYecKas pafjHaLiMA COJTHEYHOIO WM TaJIaKTHYECKOTO MPOMCXOKIEHHS
COCTOHMT, B OCHOBHOM, M3 MPOTOHOB € 3HEPTHEH, U3MEHAIOLIEHCA B OYeHb LITHPOKOM
Iyvana3oHe. BTopuyHasa KocMHYecKass pagHalisa BKJIIOYAET MPOAYKTbl B3aUMOJEHCTBUA
NepBUYHOM pagMauuM U aTMocdepsl 3emian. I'nobanbuas rogosas addextHBHas nos3a or
KOCMHMYECKOH pagHalMH Ha OOHOIO 4YejloBeKa cocrapiser okono 0.38 m3B (38 6ap),
0JHaKO0, CWIBHO 3aBUCUT OT abCOTIOTHOM BbICOThI (Hampumep, okono 0.27 mM3B (27 6ap)
Ha ypoBHe Mops, okono 0.8 M3B (80 63p) Ha BricoTe 2.2 KM Hajx ypoBHeM Mops (I.
Mexuko) u okono 2 M3B (200 63p) Ha BbicoTe 3,9 kM Han ypoBHeM Mops (Jla [ac,
Bonueus). KocMuueckoe uanyuyeHHe B pesyibTaTe B3aMMOLEICTBUA C /1eMeHTaMH B
aTMocdepe obpasyer pasHooOpasHble panHOHYKIUABL. HanGonee 3Ha4MMBbIM SIB/ISIETCH
yrnepon-14, KoTOpPbIH, NMOMajgas B OPraHU3M, NPUBOJAUT K 06pa3oBaHHIO TONOBOI}
UHIUBULYaIbHO 3dexTHBHOH 103b1 0k0710 0.012 M3B (1,2 6ap).

3eMHada pagHanuaA. To/lbKO JOATOXMBYLLHE PadHMOHYKIMABI C IEPUOAOM TOJypacnana,
COM3MepPHMBIM C BO3pacTOM 3eMJ/IH, 10 CUX MOP CYLIEeCTBYIOT B ee BeljecTBe. B Tabmmue V.1
TIpeACTaB/IeHbl OCHOBHbBIE C TOUYKH 3peHHs 00ayueHHs HaceleHHs paguoHykauabl. Cpentee
coliep>KaHHe ypaHa, TOPHUA M Ka/lMs B 36MHOM KOpe COCTaB/sieT COOTBETCTBEHHO 2,5 x 10-4
%, 1,3 x 10-4 % u 2,5 x 10-4 %. Mx conepxaHue B MouBe (KOTOpoe onpejensercs
BellleCTBOM MaTEePHHCKHX MOpPOJ M IpoueccaMH no4yBoolpa3oBaHuA) OOBIYHO HUXKE Ha
OIWH-IBa Nopaaka. Ha6nonaloTcs cyliecTBeHHble Pas3nUYUA B 3aBUCMMOCTH OT THIIA
TOPHBIX [TOPOJ, U TTOYBHI.

BosgelicTBue 3eMHOM padMalUU MOXET OCYLIECTB/ISATBCA TPeMs NMYyTsIMH: MpAMOeE
BO3[leMCTBHE BHeLIIHero of/IyuyeHus, BHYTpeHHee 00IydeHHe MPH NOTpebIeHHH MUIIH U
BHYTpeHHee 06/Ty4eHMe NPH BAbIXaHMH Bo3fiyxa. [ogoBas uHAMBUAYanbHas ¢ deKTHBHas
J03a OT BHellHero ob/ydeHHs cocTasiser okojo 0.46 M3B (46 63p), XOTS 3Ta BeTHUMHA
MOJKeT 3Ha4YUTEIbHO U3MEHATLCA B 3aBUCHMMOCTU OT MECTHBIX T€0JIOTHUECKHX YCIOBHIT; B
HEKOTOPbIX perHoHax J03a MOXeT okasaTbcs Gonbwe go 10 pa3, a ansa pana
OTPaHMYEHHBIX TEPPUTOPHUH - Aaxke go 100 pas. [losa, BbI3BaHHAA MOCTYN/EHHEM
eCTeCTBEHHBIX PAJMOHYK/IUAOB W3 BO31yXa, IPOAYKTOB MHMTaHUA U BoAbl (MCK/IOYad
BJbIXaHHE pajoHa), cocTaBaser okono 0.23 M3B (23 63p); kanuii-40 BMecTe pagio-
HYK/IMJaMH YPaHOBOIO U TOPHEBOIO PSIOB COCTaBAseT OKOIO 75% OT 3To¥ n03bl. [lo3a oT
KajMa-40 BapbUpyeT OObIYHO HE3HAYHTENBHO, TOrAA KaK [103a OT YpPaHa M TOPUA MOXeT
3HAYMTETBHO U3MEHATHCA.

Panon, BObIXaeMblIil ¢ BO3NYXOM B IOMELLEHHUSAX, JaeT Hanbo/ee CyllleCTBEHHbI! BKIal B
06Tyd4eHHe OT IPUPOOHBIX HCTOYHHKOB. PaloH AB/ISETCA HHEPTHBIM rd30M U MPEICTaB/IeH
IBYMS M30TOIIaMM: PafloHOM-222, paguo/oruiecku Hanbosnee 3HaYMMbIM (IIPOAYKT
pacnaja pagusa-226) U pagoHOM-220, KOTOPBI1 YaCcTO Ha3blBalOT TOPOHOM (NPOLYKT
pacnapga pagHa-228). YpoBeHb KOHIEHTPAU WU pafloHA B MOMELIEHUAX 3aBHCHT OT
CKOpPOCTH ero o6pa3oBaHHs, ONpefie/ifAeMOit KOHLeHTpaluyel pania-226 B MoYBe U IPYTHX
MaTepHajax, a TakXe OT HHT@HCUBHOCTH, ¢ KOTOPOI1 OH NMEePeHOCHTCA B BO3LAYX
MOMellleHHI 1 ynansiercs 3 HMX. Ha 3T nipouecce! BausioT MHorue daktopsl (MecTHble
reo/JIOTHYECKHE YCIOBHUA, XapaKTEPUCTHUKH NMOYBbI, CTPOUTE/NbHBIE MaTepHUabl, THN
NOCTPOHKH, THI BeHTHIALHOHHOM CHCTeMbl H T.O.). B 3aBHcMMOCTH OT 3TuX dakTopoB
YPOBHM pajioHa B NMOMeLEHHAX CHIbHO MeHsIoTcA. [1o6anbHas MHAMBUAYa/IbHast rOfOBas
a¢PpeKTHBHAA 1032 OT BABIXaHHA PajoHa-222 W ero HOYEpPHUX MPOAYKTOB OLIEHHBAETCA B
1.2 m38 (120 63p) u npumepHo B 0.07 M3B (7 63p) - oT BablxaHua TopoHa. OQHaKoO, B
HEKOTOPbIX reorpadHyeckux peruoHax HHIUBUAYaIbHas 1032 MOXeT B 10 pas npeBplaTh
cpenHioo. OcoOeHHOCTH re0/IOTHYeCcKOro CTPOEHHA 3eMHO KOPbI B perHoHe, a TAKXKe TN
MOCTPONKHM MOTYT OKa3aThCsA NMPUYHHON yBeTHYEHMUA N03bl BHYTPH NMOMEILIEHHS B
HECKOJIBKO COT pa3 [0 CPaBHEHHUIO CO CPEIHUM 3HaUYEeHHEM.

C. HckyccTBeHHBIE HCTOYHHKH.

Onpenenenue TPYIN HaceleHUs, MOABEPTraloUIUXCs BO3NEHCTBHIO 06JydeHHs OT
HCKYCCTBEHHBIX HCTOYHHMKOB, U OLIEHKAa CTEIIeHH 3TOro o6ydyeHHs MpPOH3BOIMHTCA HCXOAA
M3 CBelleHHIT 0 cnocobe MPOU3BOACTBA 3THX MCTOYHHKOB M O XapaKTepe HX
ucrnonb3oBaHuA. [lepcoHan, HeNMOCPeACTBEHHO CBA3AHHDBIN C MPOH3BOACTBOM I
NpHMEHEHHEM UCTOYHHMKOB pafHalliM, MOABEpPraeTcsA BO3HEHCTBHIO 06MydeHH A B
npouecce paboTbl, HO JaHHBIN acCleKT 3MeCh paccMaTpuBaThcsa He Oymer. Hacenenue
HOABEPraeTcst MPAMOMY BO3HEHCTBHIO (HanmpuMep, NPH HCIIONb30BAHNH pagHallMH B
OMarHOCTHKE M TepalMH B MeOUIMHE) U KOCBeHHOMY (HanpHMep, B pesyabTaTe BblGpoca
PaJMOaKTHBHBIX MaTEPHaTOB B OKPYXaIOLIYIO CPelly Kak MPH 1UTATHOM paboTe AAepHbIX
YCTaHOBOK, TaK U B aBAPHIHBIX CUTYalLUAX).

B MeguuMHe MOHH3MPYIOIIEe U3NTYyYeHHE LIHPOKO NMPHUMEHIeTCsl KaK I AMaCHOCTHKH,
TaK W MPH JIeYeHUH TpaBM H 3aboneBaHuil. MHauBUAYyanbHas ropoBas a¢gdexTHBHaA no3a
B EBpone npu auarsoctuke (peHTreHOBCKOe M3/ydeHHe NPH MeIMLHHCKIX obcaeno-
BaHMAX) cocTapaseT oxkoso 1,1 M3B (110 63p). Cpennsas nosa B EBponeiickux cTpaHax
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Other sources (excluding the CNPP accident): Other sources of exposure include nuclear
energy production for civil and defence purposes (including the whole fuel cycle from
uranium mining, enrichment of uranium, fuel fabrication, reactor operation, reprocessing,
etc), the fabrication of nuclear weapons, radio-isotope production, the re-entry into the
atmosphere of satellites which are powered by nuclear means, the use of industrial sources
of radiation (eg, industrial radiography, sterilisation, well logging), etc. In general, with the
exception of major accidents such as at the CNPP, the contribution these sources make to
the per caput exposure of the population is small in comparison with other sources of
exposure. Typical global per caput annual effective doses in the late 1980s/early 1990s from
nuclear energy generation and radio-isotope production were about 0.1 pSv and 0.02 pSv
(0.01 and 0.002 mrem), respectively. Higher doses are received by those living in close
proximity to nuclear installations; for nuclear reactors maximum doses are typically of the
order of 1 to 20 pSv (0.1 to 2 mrem) and for large reprocessing plants a few hundred pSv (a

few tens mrem).

Chernobyl caesium-137 deposits in 1998: For a given deposit of caesium-137 the dose
received by the population will vary with a number of factors, in particular the habits of the
population (eg, the time they spend indoors, the type of buildings in which they live and
work, dietary habits, etc) and the characteristics of the surfaces, and especially the soils and
the vegetation, on which the deposits occur. Soil characteristics can have a major influence
on the transfer of deposited caesium from soil to both plants and animals; in extreme cases
differences in transfer by a factor of between 10 and 100 can occur. Moreover, the doses may
also be influenced by countermeasures taken after the deposition. Consequently, making
reliable estimates of doses from deposited caesium is a relatively complex task that must take
proper account of many local factors. Such estimates are beyond the scope of this Atlas; for
those interested in this topic reference can be made to [18, 27-39].

Indicative estimates can, however, be made for perspective and to enable the reader to judge
the radiological significance of the levels of caesiur-137 deposition illustrated in this Atlas.
Assuming that all food is obtained locally and that no countermeasures are taken, the
annual average effective dose (in 1998) per unit deposit of caesium-137 (in 1986) is about 1
to 2 uSv per kBq m2 (3.7 - 7.4 mrem per Ci km-2) [35,40,41]. Values at the lower end of the
range are typical for countries in Western Europe and those at the upper end of the range
more typical of countries in the former Soviet Union; differences in soil characteristics are
the main source of these differences. These indicative doses per unit deposit must not be
used out of context. Their use should be limited to providing indicative average doses over
relatively large geographic areas; reliable estimates of dose over smaller areas or regions
must take account of local factors. This point can be exemplified by reference to some areas
of the former Soviet Union where, because of local soil characteristics, the dose per unit
deposit is substantially greater, about 20 puSv per kBq m-2 (74 mrem per Ci km-2) [41].
These indicative estimates should also not be used where detailed and more rigorous
assessments have been, and continue to be, made and published of past and future
exposures on a settlement by settlement basis, as is the case in Belarus, Russia and Ukraine.

cunbHo Mensetcsa (ot 0.4 mo 1.6 M3B, uan 40-160 63p), mocTuras eme G6ONbIIUX
M3MeHeHMil B r106anbHOM MaciiTabe. MHaMBUAyansHas romoBas 3ddekTUBHas n03a IIpH
Tepanmuu cocTaBaseT okono 0.7 M3B (70 63p) (Mckaoyas BO3deNMCTBHE Ha OpPraHbl MIH
TKaHM, CIIeI[HaJbHO TIOABEPrilIfecs Tepanuu), 3HaYUTeIbHO U3MEHAACh TI0 CTpaHaM.

ATtMocdepHble HCIIBPITAHUSA ANEPHOTO OPYXKHUA. ATMOChepHbIe UCTIBITAHHSA ANEPHOTO
OpyXHsl Hayaauch B 1945 r. ¥ npono/mxkanucs 0o 80-x r.r.; 60/ee HHTEHCHBHBIE TIEPHOJBI
HMCIIBITAHWH NPHUXOJUIHMCh Ha 50-e romel u Havano 60-x romos. B pesynbTaTe Takux
MCIBITAHUI B aTMOcdepy 6bUIH BbIOPOILIEHBI OTPOMHbIE KOTHYECTBAa pagHOaKTHBHBIX
npoaykToB. [Ipexxne yeM OHM BbINIaJ/IM Ha 3€MHYIO IIOBEPXHOCTh, OHM PABHOMEPHO
paccesnuck B crpatocdepe B r1obaabHoM MaciTabe. Bo BpeMs HCIIBITaHMI sAePHOTO
opy>kusi B aTMocdepy Bri6pachBaIHCh CaMble pasHOOOpa3Hble MPOAYKTHl NEAEHUA,
o6pa3oBaBlIMecd NPH B3pbIBe, HO COBpeMeHHoe IobalbHOe 3arps3HeHHe IpefcTaBIeHo
Haubo/ee MONMTOXXUBYLLIMMH PaTUOHYKIIMJAMHU. B 0OcHOBHOM, 2TO 11e3Ui-137 U cTPOHLMM-
90, uMerom e NepUOA Tonypacnaga okoiao 30 ner. Pacnpenenenue rio6aaibHbIX
BbINafieHHH 1e3rA-137 mo Tepputopuu EBponsl B 1986 r. mokasaHno Ha puc. III.1. (cM. cTp.
u Paspen III.I'.1). Haub6onee sHauuTenbHOe 06/IydeHHEe IPOUCXOIUIO B TIEPHOI b
HMCOBITAaHUN AJEPHOrO OpPY>XMdA, OMHAKO, OHO CUJILHO YMEHBIIHIOCH C IIpeKpalleHHeM
ucrbITaHui B 60-x r.r. IHAUBUAYyanbHas ronoBas s dekTUBHas fo3a B 1996 r. Ha mmupore
40-50° c.u1. (roe ypOBHM ITOOTBHOTO 3arpsi3HEHMs] caMble BBHICOKHE) COCTAaBIAET OKOJIO
0,009 m3e (0,9 63p), Np¥ 3TOM OCHOBHOH BKJIal BHOCUT Le3Wi-137.

Opyrue ucToyHUKH (momumo YepHo6bIIbCKOM aBapuu). K ApyruM UCTOYHUKH 061y-
YeHUA OTHOCUTCA NMPOU3BOACTBO aTOMHOI SHepPrMH B MHUPHBIX U BOEHHBIX IIeNAX
(Bx04as Bech TOTUIMBHBIM LMK/ OT JO6GBIYM ypaHa, ero ob6oralieHHs, U3rOTOBIEHUA
TOIUIMBA, pabOTHl PeakTOpa, pereHepaluy TOIUIMBA U T.I.); IIPOHU3BOACTBO ANEPHOTO
OpY>XHf; paJJUOM3OTOIIOB; IIOBTOPHBIN BXOJ B aTMOC(epy CIIyTHHUKOB C ANEPHBIMHU
ABUraTe/IAMU TIPY UX MafeHHH; UCIIONMb30BaHHe TIPOMBIIIIEHHBIX UCTOYHUKOB PalHallHU
(HampuMep, IPOMBILIUIEHHAA panHorpacdus, CTepUIH3aLUs, CKBaXXUHHBIA KapoTax) U T.1.
B menom, 3a MCKIIOUeHHeM KPYIIHBIX aBapui, TaKHX, Kak UepHOObUIbCKasA, BIUAHHUE 3THX
HCTOYHHKOB Ha POPMUPOBaHHe TIOTHOM HHAWBHUAYATbHOM JO3bI He Be/IHK (110 CPABHEHHIO
C IPYTHMH MCTOYHHMKaMH ob6imyuenus). ITo cocroanuio Ha koHen 80-x - Hayamo 90-x rT.
rogoBsas MHAMBUAYyalbHas 3¢@eKTHBHAA [03a, BbI3BAaHHAsS IIPOM3BOACTBOM ATOMHOM

sHepruu, oueHusaercs B 0,1 mMx3B (0,01 63p), a BbI3BaHHAasg NMPOH3BOACTBOM.

paguousoronos - B 0,02 Mx3B (0,002 63p). Heckonbko 60/ee BbICOKHE HO3BI MOMYHAIOT
JI00M, MpOoXXKHBalomue BOIU3M ANEPHBIX YCTaHOBOK. Tak, npo)xuBawmue BO6IU3H
paboTaloIuX AAepPHBIX PeaKTOPOB MOTYT IOMY4YHMThb A03y Ao 1-20 mk3B (0,1-2 63p), a
NMpO)KUBaIOIIHe BOIU3H KPYIIHBIX pereHepallHOHHBIX YCTaHOBOK - IO HECKOJBKUX COT
MK3B (HECKOJIBKHX HeCATKOB 63p).

3arpsasHeHHe TepPpUTOPUH 1 e3HeM-137 YepHOOGBIIBCKOTO IPOHCX0XKAeHHUA B 1996 T.
Ho3a, monyyaemas HaceJleHHEM B pe3yjbTaTe BO3IEeMCTBUA M3NyYeHUA Le3usa-137
4epHOGBUIBCKOTO TIPOHUCXOXK/IEHH A, 3aBUCUT OT pAfa (PaKTOPOB, B YaCTHOCTH, OT 06pasa
JKH3HHU 1 06bIuaeB (OT BpeMeHH IpeGbIBAHMS JIIONeil B ITOMELIEHHAX, OT THIA SKWIHI U
IIpOM3BOACTBEHHBIX 3[laHUM, OT PAallMOHA NMHUTAHUA H T.I.), & TAK)KE OT XapaKTePHCTHK
MECTHOCTH MPO>XUBAaHHA, OCOOEHHO, OT THUIIA 3aTPA3HEHHBIX [MOYB U PACTHTEIBHOCTH.
XapaKTepUCTUKH MOYBBI, OT KOTOPBIX 3aBUCHT MUTPallUsa Le3Us, MOTYT UMETh
CYLECTBEHHOE B/AIMAHHE Ha €r0 INOCTYIUIEHHE U3 IIOYB B pacTeHHA U, Aajee, B OPIraHU3MbI
JKMUBOTHBIX; B 3KCTpPeMaJbHBIX CJy4YasX NPH ONMHAaKOBOM YPOBHE 3arpA3HeHUSA
KOJIMYeCTBEHHbBIE Pa3/IMYUA TAKOTO IIE€PEXONaA 11e3Us OLICHUBAIOTCA B IeCATKH M COTHM pas.
Kpome Toro, Ha BeJIHYMHY J03bl OKa3bIBAalOT 3HAYUTEIbHOE BIUAHHE KOHTPMEPHI,
IIpeANPUHATEIE B [TOC/A€aBapyiiHbIN nepuon. OTclofa clefyeT, YTo HafieXXHas OIeHKa 103
AB/IAETCA BeCbMa CJ0)XXHOM 3ajauell, IIPU pellleHHU KOTOPOI MLO/XKHO OBITH YUTEHO
MHO>XeCTBO MeCTHBIX (hakTopoB. IIpoBefieHHe TAKOrO POAa OLEHOK He BXOOWIO B 3amadu
ATnaca, HHTepecy Il ecs 3To Npobi1eMoit MOTyT o6paTuTheA K [18, 27-39].

YTo6bI JaTh BO3MOXHOCTb YHUTATENIO CYOIUTH O PalMONOTHIECKOI 3HAYUMOCTH
3arpsASHEHUSA TePPHTOPHUI Lie3neM-137, TIOKa3saHHOTO B AT/ace, B NepClieKTHBe 6yoyT
CHenaHbl Ka4eCTBEHHbIE OLIEHKU ero BO3AeHCTBUA. EC/IM NpeamnonoXuTh, 4TO BCe
noTpebnsieMoe NPOIOBONLCTBHE IIOMYYeHO Ha 3aTPA3HEHHOM TePPUTOPHH, a KOHTPMEp He
6b1/10 IpeNIPHUHATO HUKAKHX, TO CPefHEerofoBas a(pdekTHBHAA m03a (IO COCTOAHMIO Ha
1998 r.) Ha eguHMLy Bblnapluero B 1986 romy uesua-137 ouenusaercd B 1-2 Mx3B Ha 1
kbk/kB.M (3,7 - 7,4 63p Ha Ku/kB.xM) [35, 40, 41]. Bonee HU3KHe BETUYUHBI B 3TOM
IManasoHe 3sHaYeHMI XapaKTepHbl As cTpaH 3amagHoit EBpormsl, a 6ojee BBHICOKME - IS
HEKOTOPBIX perMoHOB cTpaH 6biBiero CoBerckoro Colo3a; [MaBHBIMH NPUYMHAMU 3THUX
Pa3snuuUil ABNATCA Pa3/NIMiUA B XapaKTePUCTHKAX NOYB. [IpuBefeHHble [UPHI He
DO/DKHBI UCMO/NB30BAaThCA B OTPhIBe OT o6mero kKoHtexcra. OHM MOTYT GBITH
MCMONb30BaHbl UL AT CaMbIX NPUOIU3UTENBHBIX OLIEHOK AO30BLIX HATPY30K,
060061TIEHHBIX /1A ZOCTATOYHO GOBIINX reorpadu4ecKux perHOHOB; 6o/ee HafleXHbIe U
LeTa]bHBIE OLEHKH 103 0643aTebHO JO/KHBI YYHTHIBATh JIOKa/IbHBIE (GAKTOPHI. ITO
MO>XXHO IIPOIEMOHCTPHPOBATh Ha NIpHMepe OTAeNbHbIX paitoHoB OuiBuiero CCCP, rae us-
33 pas/IMYUH MOYBEHHBIX XapaKTePUCTHK [03a Ha eJUHHUIly BHINAMEHUI MOXET GbITh
OLIEHEHA CylIeCTBeHHO GO/IbIIel BeTUUNHOIM, YeM 20 Mk3B Ha 1 kKBk/kB. M (74 6ap/Ku/xB.
kM) [41]. Takue OIleHKH He OO/DKHBI TaK>Ke MCIOAb30BaThCA [/IA TeX PaHOHOB, I
OPOBOOU/IMCH U TIPONO/KAIOT MPOBOAUTECA U NyOAHKOBaTbhcsa 6osee MoapobHbIe U
TOYHBIE pacyeThl MO3bI O6TYYEHHUSA TIO HACeJeHHBIM IIYHKTaM, KaK B 9TO IMPOMCXOAUT B
Benapycu, Poccun, Ha Ykpaune.
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D. Comparison of indicative doses from Chernobyl caesium-137 with
other sources of exposure

A comparison is made in Figure V.1 between current (ie, in 1998) indicative levels of
exposure from specified levels of caesium-137 deposition (in 1986) and the per caput dose in
Europe from other sources of exposure, both natural and artificial. For a deposition level of
100 kBg m2 {2.7 Ci km?) {in 1986), the indicative dose is small (ie, a few percent) in
comparison with the average dose from other sources of radiation, indeed small in
comparison with the range of variation in the latter guantity between European countries
[27.42]. Current indicative annual average doses from Chernoby! caesium-137 deposits only
exceed those from other sources of exposure where the level of deposition exceeds a few
thousand kBq m-2 (several tens of Ci km-Z - 1986 levels).

The comparisons made here between different sources of exposure need qualification. All of
the doses compared are average values typical for the population of Europe. For many
sources, however, the distribution of doses in a population may be very non-uniform (eg,
exposure to radon, exposure to effluents from nuclear installations, therapy, etc). While this
qualification should be recognised, it dves not detract from the broad conclusions that can
be reached from the comparison in Figure V.1 of doses from Chernobyl caesium-137
deposits and those from other sources.

Figure V.1: Comparison of indicative annual average doses in 1998 from Chernobyl caesium-
137 deposits with annual per caput doses in Europe from other sources of radiation exposure
fdeposition levels are those in 1986; the doses from Chernobyl deposits are based on the
assumption of ne countermeasures and would be lower were food restrictions imposed).

D. CpasHenne 1030BO¥ HAarpy3KH oT He3HA-137 YepHOOBIILCKOTO
NPOHCXOMKIEHHA C MO30BbIMH HATPYSKaMH OT IPYTHX HCTOYHHKOB
H3ITYyYeHHA

Ha PHCYHEKE V.l NPHBOUHTCA CPABHCHHE OUCHOK MHAHBHMIOYAABHBIX O3 B EBPOHE rno
COCTOAHMIO HA 1998 r. o7 sarpsaHeHHs TeppHTOPHH LedneM-137 yepuoOrabLCKOro
nmpoMcxokaenia (8 1986 1.) 1 oT APYIHX NPHPOAHBIX W AHTPONOIEHHBIX HCTOYHHKOB. [Tpu
ypobue 3arpaasesuna 8 100 kBx/m? (2,7 Kufks. kM) (B 1986 r.) posa secbma Mana o
COCTARMALT BLETD HECKOALKO MPOUEHTOR MO CPaBHEHHID CO CPEAHEH A030W OT APYTHX
Herounukos, Ona Mana TaksKe M N0 CPABHEHHIO © OHANA30HOM H3MCHEHMA OOMYYeHNHA,
BREISHIBAEMOI0 AHTPONONEHHBIMH HCTOUMHHEAMH B CTpadax Evponnl l2?,42]. CoBpemMeHHbIe
OUEHKH TOMOBLIX A03, 06YCIOBIeHHIIN YepHOGEINBCKUM Teanem- 137, MpeBbINIaoT olueHKH
HO3 OT OPYTHX HCTOMHUKOB TOMBKO B TOM C/TYyYac, KOTAA YPOBHM 3arpasHenus 1986 roma
MPERBILIAKT HECKOIBKD ThICHY kBr/m? (Heckonsko gecsTros Kn/xa. KM,

[lpuBencHnble 31eCh CPABHEHHA PAa3AHYHBIX HCTOMHHKOB 00Ny4YeHHA HYXOAKTCA B
AONOAHUTENLHLIX OTOBOPKax. Boe cpasHnpaeMble BeNMUMHE 103 NPeACTaBAfioT cobon
ofo0leHHEBle BeIHYHHE, THNHYHBLIE IR Hacenernua Erponm 8 nemom, OnHako,
pacnpegeaeH1e 1030BbIX HArPY30K, 00YCN0BIeHHBIX MHOTHMH HCTOYHHKaMH, MOMKeT OBITh
YPesPLMAAHO HEONHOPOLHLIM (HANPHMEP, BO3NEACTEHE PAJOHA, BO3NEHCTBME HICPHEIX
OTXO/0B; MEINIMHA H T.00.). XOT# 9TH OTOBOPKH HeOBXOIMME!, OHH HE YMEHBILAIOT
3HAYEHMA BAXKHBIX BHIBOLOB, KOTOPBIE MOTYT OBITE NOAYUEHEl M3 CPABHEHMA 103,
(hOpMHPYEMBIX OT 3arpasHeHHA LeaHem-137 yepHoGbUILCKOTO NPOHCKOKICHHA, C N03aMH
OT Apyrux Hcrounueon (pucynor V.1).

Pueyrox V.1, Cpasuerute cpednux 200osnx dog om 3azpaznenin yesiem-137 yepro-Gutneciozo
npoucxoncdennus 8 1998 200y u zodosux uHOnSUIYANEHLIX 003 OM OPYZUX UCHIOMHLUKOS
obnyuenun & Eapone (yposnu saspaznenus wa 1986 200, dosw 06ay4enua om 4epHobuAbOK020
IAZPAIHEHNS OCHOBANB HA JONYLUEH NN, HITIO KOHIMPMEDB He NPednpuHuManic, oxu GoascH b
Gutitie HuMe MaM, 20e HPOBOAUACA KOHMIPOAL 34 HPOOYKIMAMU HUIMAHILT ),

0.01-0.02 mSv 0.1-0.2 mSv 1-2 mSv
(1-2 mrem) (10-20 mrem) (100-200 mrem)

0,01-0,02 M3 0,1-0,2 M3 1-2 m3B
(1-2 mb3p) (10-20 mGap) (100-200 mG3p)

—mm)

10 kBqm™ 100 kBqm™* 1000 kBq m *
(0.27 Ci km™) (2.7 Cikm™) (27 Ci km™)
10 kBx/m° 100 KEKIM:' 1000 KBHH;;E
(0,27 Kufin®) (2,7 Kn/xm®) (27 Kat/xm™)

Chernobyl Cs-137 deposits
YepHOOBITBCKHE BHITIANCHUA 11e3us-137

4.2 mSv
(420 mrem)
4,2 M3B
(420 m63p)

Others excluding Chernolyyl <0.1%
Jpyrie, noitmouan Heprobsins <0,1%

v e | Cosmic radiation 9%
Medicine - therapy 174 Kocamrieckan pamiaiiin 9%

Mensunnckan repamsa 1 7%

Terrestrial external [1%
Jemuan pamiaumn - suewnas 119

Terrestrial - internal 6%
Jenmuan panmallus - BHY TPeHHAR 6%

Medicine - diagnosis 26%
Mensumnckas narHocTHKa 26%

Tervestrial - radon 31%
Jemuibn pantalian - panom 31%

Other sources
Hpyryue HCTOYHMKH

NB: the indicative doses atiributed to Caesium-137 deposits are provided solely for perspective
and are only valid as averages over relatively large geographic areas; where maore definitive
estimates of dose exist [eg for sertlements in the affected areas of Belarus, Russia and Ukraine)

comparisons should be made with these doses rather than with the indicative values given here.

Obpamume sHuMmanie, wine doist, OMHOCAWUECA IAPRAIHEHUIO LezueM-137, npusodames
MOABKO 048 OIHAKOMAEHUR N MOZYI PACCMAMPUBAM bER MOALKO Kak cpedHiue das
OMHOCUMENDHO KPYNHBIX 2e0zpauseckux peauoHos; dAA mex panones, 2de nposoduanck
fioace movnwe paciems dodw (nanpusep, 0n8 naceaennux nynxmos benapycu, FPoccun o
¥xpaunnt), cicdyem nposodumb CPASHER LS WMEHHD C 3mumic Jo3amu (a HE RPpusedeHHbIMIU HE

pucynxe),



24 References - bubnnorpaguyeckne CCbUIKH

VI

(1]

(10]

(11]

(12]

[13]

(14]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

References

European Commission, “Proc. of Seminar on Comnparative Assessment of the
Environmental Impact of Radionuclides released during Three Major Nuclear
Accidents: Kyshtym, Windscale, Chernobyl, Luxembourg, 1-5 October 19907, EUR
report 13574, 2 Vol., Office of Official Publications, Luxembourg (1991)

“Summary Report of International Panel on Nuclear Security on the Meeting for
Inspecting the Causes and Consequences of the Chernobyl Accident”, Vienna, IAEA
publication, Safety Series, N 75 - INSAG -1 (1987)

A A Abagyan, Yu A Izrael, L A Ilyin, V A Legasov et al., “Information on the accident
at the Chernobyl NPP and its consequences, prepared for IAEA”, Atomic Energy, Vol.
61, 5, pp- 301-320 (1986) (in Russian)

“Chernobyl. Five difficult years. A collection of publications®, Moscow: Izd. AT - 381
pp- (1991) (in Russian)

V G Asmolov, V A Legasov, S I Avdyushin, Yu A Izrael, V N Petrov et al., “The
Chernobyl NPP accident: a year later.”- Atomic Energy, Vol. 64, No. 1, pp. 3-23
(1988) (in Russian)

A N Kiselev, A I Surin., K P Checherov, “Results of after accident investigations of the
Chernobyl NPP Unit 4 destroyed reactor - Atomic Energy, Vol .80, No. 4, pp. 240-247
(1996) (in Russian)

Yu A Izrael, S M Vakulovsky, V A Vetrov, V N Petrov, F Ya Rovinsky and E D Stukin,
“Chernobyl: radioactive contamination of natural environments”, Ed. Yu. A. Izrael, L.
Gidrometeoizdat, 296 pp. (1990) (in Russian)

Yu A Izrael, V N Petrov, S I Avdyushin, N K Gasilina, F Ya Rovinsky, V A Vetrov and
S M Vakulovsky, “Radioactive contamination of natural environments in the zone of
the Chernobyl NPP”, Meteorology and Hydrology, No. 2, pp. 5-18 (1987)

(in Russian)

Yu A Izrael, “Radioactive fallout after nuclear explosions and accidents”, St-
Petersburg, Progress-Pogoda, 356 pp. (1996) (in Russian)

S N Begichev et al., “Radioactive releases due to the Chernobyl accident. Fission
product transport processes in reactor accidents”, ed. ] T Rogers, Hemisphere (1990)
L Devell, S Giintay and D A Powers, “The Chernobyl reactor accident source term:
development of a consensus view”, CSNI report of NEA/OECD (1995)

Yu P Buzulukov and Yu L Dobrynin, “Release of radionuclides during the Chernobyl
accident”. IN “The Chernobyl papers”, S E Merwin and M I Baolonov, Eds., Research
Enterprises, Richland WA, Vol. 1, pp. 3-21 (1993)

A Borovoy, “Characteristics of the nuclear fuel of power unit No. 4 of Chernobyl
NPP, IN “Radioecological consequences of the Chernobyl accident”, Ed. by Kryshev,
Nuclear Society International, Moscow, pp. 9-20 (1992)

“Chernobyl, Ten Years On. Radiological and health impact. An appraisal by the NEA
Committee on Radiation Protection and Public Health”, NEA, November 1995,
modified figure from : Summary report on the post accident review meeting on the
Chernobyl accident, Safety Series No. 75, INSAG-1, IAEA, Vienna (1996)

Yu V Sivinzev and A A Hrulev, “Assessment of radioactive release during the
Chernobyl NPP reactor 4 accident in 1986”7, Atomic Energy, Vol. 78, No. 6, pp. 403-
417 (1995) (in Russian)

EC/IAEA/WHO, “Proc. of an International Conference: One Decade after

Chernobyl - Summing up the Consequences of the Accident.” Vienna, 8-12 April
1996, pp. 319-362, IAEA Vienna (1996) ,

Yu A Izrael, “Chernobyl: past and forecast for future”, Pravda N19 (March 1989)

(in Russian)

International Advisory Group, “The International Chernobyl Project: Assessment of
the Radiological Consequences and Evaluation of Protective Measures”, Technical
Report, IAEA, Vienna (1991)

I T Matveenko, O M Zhukova and M G Germenchuk, “Dynamics of radiation and
rehabilitation of the environment of Belarus territory after the catastrophe on
Chernobyl NPP. Nuclear and hazardous waste management spectrum 94”, American
Nuclear Society, Inc. (Atlanta, GA, Illinois 60525 USA), p. 2419-2424 (1994)

M G Germenchuk, I I Matveenko, and O M Zhukova, “Assessment of radiation
situation on the territory of the Republic of Belarus under the pollution conditions
after the Chernobyl nuclear power plant accident with the use of GIS. RECASS. Proc.
of The Canadian Conference on GIS-1994”, Vol. 2 Ottawa, Canada, pp. 1269-1280
(1994)

Council Regulation (EEC) No 1707/86 of 30/5/1986 on the condition governing
imports of agricultural products originating in third countries following the accident
at the Chernobyl nuclear power station, Official Journal of the European
Communities, L146 of 31/5/1986, Luxembourg, amended in Council Regulation
(EEC) No 737/90 of 22/3/1990, Official Journal of the European Communities, L82 of
29/3/1990, Luxembourg

Council Regulation (Euratom) No 3954/87 of 22/12/1987 laying down maximum
permitted levels of radioactive contamination of foodstuffs and of feedingstuffs
following a nuclear accident or any other case of radiological emergency, Official
Journal of the European Communities, L146 of 30/12/1987, Luxembourg

Food and Agricultural Organisation and World Health Organisation of the United
Nations, Codex Alimentarius, General Requirements, section 6.1: Guideline levels for
radionuclides in foods following accidental nuclear contamination, Joint FAO-WHO
food standard programme, Rome (1991)

Results of studying and experience of liquidating the consequences of an accidental
terrain contamination by uranium fission products, Ed. A I Burazyan. M.,
Energoatomizdat, 144 pp. (1990) (in Russian)

L1 Boltneva, Yu A Izrael, I M Nazarov et al. “Global contamination by Cs-137 and Sr-
90 and exposure dose over the USSR territory”. Atomic Energy, Vol. 42, 355 pp.
(1977) (in Russian)

Report of the UN Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) (1962)

United Nations, Ionising Radiation: Sources and Biological Effects. United Nations
Scientific Committee on the Effects of Atomic Radiation, 1993 Report to the General
Assembly, with Scientific Annexes. United Nations sales publication E.94.1X.2, United
Nations, New York (1994)

“United Nations, Ionising Radiation: Sources and Biological Effects”, United Nations
Scientific Committee on the Effects of Atomic Radiation, 1988 Report to the General
Assembly, with Scientific Annexes. United Nations sales publication E.88.1X.7, United
Nations, New York (1988)

(8]

[9]

(10]

(21]

[22]

(23]

[24]

(25]

bu6morpadyyeckue CCbUIKH

Espneiickas Komuccus, «Tpyasl ceMHHapa 110 CpaBHUTENbHOMY aHATU3Y
BO3JIEMCTBHUSA Ha OPYXAOILYIO Cpelly pafUOHYK/IUAOB, BLIOPOIIIEHHBIX BO BpeMs Tpex
KpynHoMacurtaGHbix aBapuit: KenntsiM, Bunackeivt, YepHo6buib, Jliokcembypr, 1-5
oktabps 1990 r.» otuer EUR 13574, 2 Toma, Otaen ny6mkaunmit EK, Tlokcembypr
(1991) (Ha aHTI. A3bIKE)

« KpaTkuit oT4eT Me>XTYHAPOTHOI TPYTINBI 110 ANEPHOM 6e30I1aCHOCTH Ha
3aceaHHM, [TOCBALIEHHOM PaCcCMOTPEHHIO IPHYHH H TOCTencTBU YepHOOBIIBCKOH
aBapum», Ne 75 - INSAG -1 (1987) (Ha aHIL. A3BIKE)

A.A.A6aran, }10.A.Uspasains, J1.A.Wibun, B.A.Jleracos u np. Mudopmarnus o6
aBapuu Ha YepHoObU1bCKOM ADC U ee MOCTeNCTBUAX,IIOATOTOBIEHHAA 1A
MATATO.- AToMHas sHeprH4, T.61, BbI.5, ¢.301-320 (1986)

Yepuo6butb. [1ats TpynHbix get. C6opHHK Tpymos. M: M3nAT - 381 c. (1991)
B.I.AcMmonos, B.A.Jleracos, C.M.ABgromuy, 10.A.M3pasis, B.H.IleTpos u ap.
Apapus Ha YepHo6bu1bckoit ADC: rof ciycTs - ATOMHas 3HEprus, T.64, Bbin.l, c. 3-
23 (1988)

A.H.Kucenes, A.M1.Cypun, K.P.YHeuepos. Pe3ynbTarhl HCCIeA0BaHUA aBAPUIHOTO
paspyiilenns 4-oro peakTopHoro 610ka Yeprobbuibckoit ADC - AToMHas 3Heprus,
T.80, BbII.4, C. 240-247 (1996)

Wspaais F0.A., Bakynosckuit C.M., Betpos B.A., [lerpos B.H., Posunckuit ©.4.,
Cryxun E.JI. HepHOObI/Ib: palHOaKTUBHOE 3arpA3HeHHe IPUPOIHBIX cpen. ITon
pen.FO.A.Hspaans. - JI: TuapomeTeousnar, 296 c. (1990)

}0.A.M3pasns, B.H.Ilerpos, C.M.Apatommmn, H.K.Tacununa, ©.5.Posunckuit,
B.A.Betpos, C.M.Bakynosckrit. PagroakTHBHOE 3arpsa3sHeHHE NPUPOAHBIX Cpell B
paitore YepHo6uinbckoi ADC. - Mereoposnorus u ruaposiorus, N2, ¢.5-18 (1987)
}O.A.H3paanb. PamnoakTHBHBIE BbINaJeHHA MOC/Ie ANEPHDIX B3PbIBOB U aBapHL.
CII6.: ITporpecc-TTorona, 356 c. (1996)

C. H. Beruues u fip., «<PaguoakTHBHBIE BBIIPOCHI BO BpeMs UepHOObUIBCKOI aBaBHM.
I[Tpouecch nepeHoca MpOAYKTOB paclaja IIPH aBapUAX peaKTopoB», pel. Jx. T.
Pomxkepc, Imucdep (1990) (Ha aHII. A3bIKe)

JI. Hesemn, C. F'ontert 1 1. A. ITayapc, «OcHOBHOBOMO/MAralIllle TaHHble aBapUH
YepHoOBITbCKOTO peakTopa: paspaboTka cOracOBaHHOM TOYKM 3peHUA» ordeT CSNI
NEA/OECD (1995) (na anr/. sA3bIKE)

1O. IT. Bysynyxos u IO. JI. [Jlo6pbiauH, «BbIIpoc panMOHYKIUEOB BO BpeMs
Yepuobbuibckoit aBapum». B uaganuu C. E. Mepsuna u M. H. Banonosa
«YepHOOBUIbCKHE TOKTaAbI», HaydHO-HUCCIef0BaTeNIbCKUE TP PHATHSA, Puwiens,
mTaT BaluHrToH, ToM 1, ¢ 3-21 (1993) (Ha aHr1. A3bIKe)

A BopoBoit, «XapaKTepHCTHKY AAEPHOTO TOIUIMBA peakTopa Ned HepHo6bLIBCKOM
A2C» B Panuoskonorryeckre nocaenctBus YepHoObUIECKOM aBapUH», Pel.
Kpsiuresa, MexxaynaponHoe anepHoe o61iectBo, Mocksa, ¢ 9-20 (1992)

(Ha aHIJI. A3BIKE)

«YepHOOBLIb, IecATH JIeT CycTsA. Paguonorndyeckue 1 MEIMLIMHCKHE TOC/IEICTBUA.
Onenka Komutera no PagnanyuonHoii 3aliuTe M 3ApaBoOXpaHeHHUIO ACCOCHALIUH 110
SAneproit Ouepruu (NEA)» NEA, Hoa6pb 1995 r., M3MeHeHHAsA WITIOCTPALIUA U3!
KpaTkuit oT4yer 3acefaHusA 110 OLleHKe CUTYaLluH rToc/e aBapun Ha YAIC, cepus
«be3omacHOCTb» No75, INSAG-1, MATATDO, Bena (1996) (Ha aHI/I. A3bIke)
[O0.B.CuBusues, A.A.XpyneB. OlLieHKa pafMOaKTHBHOTO BbI6poca IpH aBapuH 1986
I. Ha 4-oM aHeprobnoke YepHobbuibckoit ADC. AToMHas sHeprus, T.78, BBIIL. 6, C.
403-417 (1995)

EK/MATATO/BO3, «Tpynst MexnynaponHoit KoHpepeHunH: [ecATs JeT mocie
Yepro6u1s - PestomMupoBaHue noceacTBHil aBapri» Bena, 8-12 anpens 1996 1., ¢
319-362, MATATO Bena (1996) (Ha aHr/I. A3bIKE)

10.A.M3pasnb. YepHoObUIb: NpOLLIOe U TpOTHO3 Ha bymyliee. ['aseta «IIpaBga», N19
(Mapt 1989)

MexnyHapomHasa KOHCY/IbTaTUBHAsA Ipymna, Me>xxayHaponHblit YepHoObUIbLCKHIA
npoekT: OlLieHKa paIio/OrHYeCKUX MOCeACTBUN U 3aILHTHBIX MEPOTIPUATHIH, TeX.
otueT, MATATO, Bena (1991) (na aHr/1. A3bike)

. Y. Matseenko, O. M. JKykosa u M. I'. Tepmenuuk, «IMHaMMKa pagHallMi 1
3KOJIOTMYecKas peabMInTalusA TeppuUTOpUM Benapycn nmocie aBapuu Ha
Yeprobsuibekoit ADC. CriexTp yripaBieHus «94» AfepHbIMU H OTIACHBIMH
OTX0AaMHu», AMepHKaHCKoe sifiepHOe o61ecTBO (ATaHTa, wrat [XopmKus,
Unnunoiic 60525 CIITA), ¢ 2419-2424 (1994) (Ha aHra. A3bIke)

M. T. I'epmenynk, M. M. Mareeenko u O. M. JKykoBa, «O11eHKa pafiHonOruyecko
CHUTyallMH Ha TeppuTOopHH Pecty6miku Benapycn B ycTOBHAX 3arsi3HEHHUS [1OCIE
aBapuy Ha YADC ucnonssys TMC (GIS RECASS) Kananckas koudepennus no TUC
- 1994», Tpyab! ToM 2, OtraBa, Kanana, ¢ 1269-1280 (1994) (Ha aHI/I. A3bIKe)
IMocranosnenne Cosera (ESC) Ne1707/86 ot 30/5/1986 06 ycnoBuax ummnopta
CE/TbCKOXO3AUCTBEHHOM NTPOIYKIIUH, IIPOU3BEIEHHO TPeTbHMHU CTPAHAMH [TOC/IE
aBapuu Ha Yepro6bubcoit ADC. Oduumansubiii xxypaan Esponetckux Coobiiects,
L146 ot 31/5/1986, JlroxceM6ypr, UcpasieHo B moctaHoBnenuH Cosera (E9C)
Ne737/90 ot 22/3/1990, Ocpuninansusit xypaan Esponeiickux Coobiiects, L82 o1 ~
29/3/1990, Moxcembypr (Ha aHT/. A3BIKE)

ITocranosnenue Cosera (EBpaTom) Ne3954/87 ot 22/12/1987 onpenensmoliee
MaKCHMaJbHO AOIYCTUMbIE YPOBHHM PATHOAKTIIBHOIO 3arpA3HEHHA THILIEBBIX
IPOAYKTOB M KOPMOB T0C/IE ANEPHOM aBapUH WIH IIPH TI060M OpYyToi
Pano/IOTHYECKOH YPE3BhIYAHON cUTyaluy, ObHuMaIbHBIH XypHan EBpomneiickux
Coobuects, L146 ot 30/12/1987, JTiokcemBypr (Ha aHr/1. s3bIke)

DAQ, Becemupnasn opranusauus agpasooxpadenus OOH, ITuiiesol kopexc,
OcHoBHble Tpe6oBanus, pasnen 6.1: OcHOBOMO/IAraOLI1Me YPOBHU CONEPKaHUSA
PafHOHYK/IM/IOB B [THILIEBBIX [IPOAYKTaX IOC/IE aBaPUITHOTO PafHOaKTHBHOTO
sarpasHenus, CoBmectnas nporpamma ®AO-BO3 mo nuIueBbIM cTanaapram, Pum
(1991) (Ha anrI. A3BIKE)

Pe3y/bTaTe! M3Y4eHUA W ONBIT TMKBUAALMM TOC/IEACTBHI aBAPUIHOTO 3arpA3HEHUSA
MECTHOCTH TIPOAYKTaMHM pacnaja ypana. [log pen.A.M.bypassana. M.:
OHeproaToMu3zar, 144 c. (1990)

JL.A.BontHesa, 10.A.Nspasnb, N.M.Hazapos u gp. «['no6anbuoe sarpasuenue 137Cs
1 90Sr 1 nosa BHewHero obnydenus Ha Teppuropuu CCCP», AToMHas sHeprus,
T.42, ¢.355-361 (1977)

Oruer Hayunoro Komurera OOH no Bo3AeifcTBHIO aTOMHOM pagHaLiuu
(UNSCEAR) (1962) (Ha aHr1. A3blKe)



BrGmorpagiueckre cemnki - References 25

[32]
133]
[34]

[35]

|36]

(37]

[38]

139]
[40]
[41]

[42]

Morrey, M, Brown, ], Williams, T A, Crick, M ), S$immonds, | R and Hill, M 1, “A
preliminary assessment of the radiclogical impact of the Chernobyl accident on the
population of the European Communities”, EUR report 11523, EC, Office of Official
Publications, Luxembourg (1988)

N.5. Babaev, ¥ F Demin, L A llvin, ¥V A Knizhnikovy, I T Kuzmin, ¥V A Lepasov and Yu
V Sivintsev, “Wuclear Energetics, a man and the enviconment”, Ed. A.P. Alexandrov,
Maoscow, Energoatomizdar, 184 pp. (1984) (in Russian}

“WMethods and recommendations on calculating external and internal dose rates far
population living an the territories allected by the CNPP accident. Techniques
collecrion.”, Ed. K 1 Gordeev, M., The USSE Ministry of Health, Institure for
Biophysics, 72 pp. (19%91] {in Russian)

Yu I Moskalev, “Future consequences of ionising radiation effects”, Moscow,
Medicing, 464 pp. (1991} (in Russian)

Yu I Maskalev, “Radiabiclogy of incorporated radionuclides™, Moscow,
Energoatamizdat, 264 pp. (1989) (in Russian)

U Yu Margulis, “Atomic energy and radiation safety™, 2nd ed., Moscow,
Energoatamizdat, 224 pp. (1988) {in Russian)

Curopean Commizsion, Joint Study Projeer No 5: Pathway Analysis and Dose
Listribution, EUR report 16541 EN, (Ed. P Jacob and 1 Likhtariev), EC, Office of
Official Publications, Luxembeurg (1995)

R M Aleksakhin, "Muclear energy and the bicsphere”, Moscow, Energoatomizdar, 220
pp. (1982} {in Russian)

R M Kogan, | M Nazarov and Sh D Fridman, “Principals of environmental gamma-
spectrometry’, 3rd ed, Rev. and supl, Moscow, Energoatomizdat, 233 pp. (19%1)

{in Russian)}

*lechniques and some results of air gamima-survey of the radicactive contamination
over Eurepean Russia®, Ed. Sh D Fridman and A N Pegoey, St.-FPetersburg,
Gidrometeoizdat, pp. 159-206, 243-265 (1994) (in Russian}

“Manual on establishing the envirenmental monitoring in NPP locations™, Ed. K P
Makhonlo, Leningrad, Gidrometeoizdat, 264 pp. (1990} {in Russian)

Private cornmunication, B, Bennett and A Bouville, UNSCEAR Secretarial, YVienna,
[March 1936}

Private cornmunication, F Jacol, GSF - Instinat fiir Strahlenschutz, Oberschleibheim,
Germany, {March 1995}

Furopean Commission, “Radiation Atlas: Namral Sources ef Ionising Radiation In
Europe”, EUR report 14470, (Ed. B M R Green, ] § Hughes and P R Lomas), EC,
Ofice of Official Publicatians, Luxembourg, (1993)

[28]

[29]

[30]

[31)

f3z)
[33]
i34]

f35]

[36]
[37]
[38]
[39]

[40]

[41]

[42]

«Opranusdauna OGbenriensnry Hanpe, Monuaupyliolaa pansania: MCTOMHHEH H
GHonornyeckoe BoamedcTete.» Hayurni Kovuter OOH no BoanelcTey 0 aTOMBOR
panuanku, Oraer 1993 1. FerepanbHoi AccaMiinee, C HAYMHLIMH TPHOMSH WAME.
Oy6nukauns OOH ona npopaskn E94.174.2, GOH, Heo-Hopi {1994} (na aura.
A3LIKE)

e pranmsamn O eeaniem isix Haniu, Mondaupyioinans pajgManis: HCTOMHHEY M
fuororuteckoe poaeficraMe » Hayunviit Kouuter OOH no krosteficTBHO aTOMITGH
pannaauy, Oraer 1988 r. Tenepansizoi Accambiee, C HaYHIIbIMH TTRHAOKEITHAMH.
Mybnarkauua OCH gna npogazn E88.1X.7, O0H, Hew-Hapk (1988) {na anrm.
ABHIKE)

M. Moppe#, Tx. Bpayn, Ix. A. Bunbame, M. e Kpuxk, Dk, P Cammonnc n M. [T
Xunn, «[MpepBapHTenhHAR OUEHRE PaiiMOAOTHUCCKOrS BORACHCTBHA
Hepriodorae< k4 asapHn s nacenenHe Esponeiickix Coodiesrss, atiet EUR
11523, EK, Otnen odunHaisHbix myGnakanuit, JTroecemdypr { 1988) (ra anrm.
A3hIKE)

H.C.BaGaes, B.. demun, LA Fnery, B A Kuwsonikos, M M. Kvspamig,

B.A Meracon., 10 B .Cusinnen. Anepuas sHepreTHER, MENOBCK H OKPYRAIGUIAA cpea
TMon pep.axag. AJ1 Anexcanaposa, M. SDueproatosuzaar, 184 ¢ (1984}

MeToauHec KUE TIPUHITHITH M PeKOMEHTAUVH IJTH PACHETA 03 BHEIUTHETO M
BHYTPEHHETO GBIy HEHHA HACKEHHA, IPOKHBAKINETO Ha TEPPHTOPHH,
TIOORSPTIIeHicd BO3NeMCTBMIO0 B PE3Y/IRTATE aBapHK Ha YADC. COopHHK
METOOHYECKHX MAaTepHanoB. ([loa pen I H. [opacesa, M: Muxsapas CCCP,
Hucruryt Suodmansn, 72 ¢ (1991)

FO.H.Mockaner OTpancHESIE NOCIENCTRRA BOINECTEH A HOHHIKDYIOLLIETO
szmyueHnA M. Meouinna, 464 ¢ [1991]

FO.H.Mockanes PaguobHonoria KEKOPNOpHpPORAHHEX palMOHYRINACE. M.
JHEPrOATOMUINAT, 264 €. {1989

Y. L Mapryanc AToMHAR 3HEPrHA W pafHANHOHHAA §E300ACHOLTh, 2-€ H3A,,
M.:3reproaromusaar, 224 ¢ (1984)

Eeponefickaa Komucoua, CoOBMECTHMA HaYIHBIA NIPoeKT N25: AHATHA myTel
HEePEHGCA K A0SGBOE pacTipeieaeH e, aTueT EUR 16541 EN, {peu. [T, Axoe u H,
Muxraper), EK, OToen odmumaneibix mySamkauvi, TokcemOypr (1993) (ma anrn.
PYCCEOM ASBIRX}

P.M.Anexcaxuy. Aaeprad aneprya 1 bnocdepa. M.: Sneproatomusnat, 220 c. (1982)
P.M.Koran., H.M.Hazapos., LI . ©puoman. OCHOEK raMMa-CIEKTPOMETPHK
I|PHPOONEIX CPEL.- 3-2 HaL. 1epepad. v noi., M., Juneproaromuanar, 233 co.. [1991)
MeToIHKa H HEKOTOPRIE PE3Y/IRTATHI ARMALHOHHOA FAMMA-CheMEH PAAHCAKTHRHArO
3ArpA3IE HA TEPFUTOPMK espol efickoi sacru Poccuu /Tlog pen. 1.0 P puamana u
A.H.lNeroeea, Cankt-1letepSypr: [HopoMerecnanat, .1 59-206, 243-265 {1994)
FykaponcTso No OpraHMaa i KOHTRONA COCTOAHHA MPHPONHOA Cpeasl k paficHe
pacrrorcwetun ASC [Tloy pea. K.IT.Maxonbko, Menunrpan: M'ppomMereonsaar, 264 ¢
{1 9%¢3)

Kondmpennuantuoe coobmekue, B, Benuett w A, Byenaae, Cexkperapuat Hayunoro
Fasurera OOH no sargefcTsuo aToMHOR panuauuy {ITNSCEAR)Y Bena, mapT
1996 (118 aurn. A3BIEE)

Kancpuneunmansnor coobmenue, T1. Axkos, GST - Institgt fir Strablenschure,
Qoepuinaiiccxerm, Fepyanna (mapt 19961 {1a anrn. Asnise])

Emponeiickas Kovucena, ATaac panuamii: ECTECTREHHLIE HCTOYHHKH
HOHMAUMPYIOLIEE panyal vy B Espone, EUR 14470, (pen. B. M. TL Tpun, . C.Xs10r
w I1. P. Aomac), EX, Oroen obuuransaerx nyGmram, Jokcemeypr, (1993) {Ha
AMT, ARRIKE)









28 Appendix B - ITpunoxxenus B

APPENDIX B
SUMMARY OF DEPOSITION MEASURING TECHNIQUES AND DATA

B.1 Summary of deposition measurements

Deposited radioactive material determines the radiological consequences of an accidental
release once the dispersed material has passed overhead. Knowledge of the deposition is the
starting point in assessing the transfer of radioactive material through the environment and
its impact on man. Equally, it is the starting point in assessing the need for remedial
measures to mitigate the consequence of the accident on the affected population.

Various methods to measure radioactive deposition have been developed and continue to be
refined. A detailed review of these methods is beyond the scope of this atlas and
consideration is limited here to an overview of the most widely used techniques. Further
information can be found in the cited references.

The deposition of gamma emitting nuclides can be measured by taking soil samples which
are subsequently measured in the laboratory using gamma spectrometry. The depth to
which soil is sampled (usually up to 30 cm) as well as the methods of sample treatment (eg,
removal of vegetation, drying, etc) can vary between laboratories and the circumstances of
the deposition (eg, fresh or aged deposit). This method is generally very precise (depending
on the measuring time and sensitivity of the detector) but is time consuming and thus
costly; moreover, the measurement is specific to the sampling point and many samples may
need to be taken where the deposition pattern is very non-uniform. It is most often used for
calibration purposes, for small sampling campaigns (up to several hundreds, exceptionally a
few thousands of samples) or when other methods can not be applied (eg, in mountainous
regions). The method has the advantage of enabling the depth profile of deposited material
to be determined by dividing the soil sample and measuring separately each part.

Large scale monitoring surveys of radioactive deposition can be directly performed (i.e.
without sampling) by means of ground-based gamma spectrometry. By this method a
gamma spectrometer is placed in a fixed configuration with respect to the soil, can be static
(in-situ gamma spectrometry) or mobile (mounted on a van). The latter technique was
used eg, in Finland, where a combination of gamma spectrometric and GM-tube
measurements on board of a vehicle was performed to map the caesium-137 deposition for

an area of 19,000 km? [B1].

Airborne gamma spectrometers, mounted aboard aircraft or helicopters, capable of flying
at low altitude (25-100 m) at a velocity of 100-300 km.h-1, are used for rapid surveys of
terrestrial and aquatic radioactive material. The method was developed initially for
geological surveys but has increasingly been used to measure the deposition of artificial
radionuclides of various origins. The survey of an area under study is usually carried out
using parallel flight-paths, with line spacings typically varying from 0.1 to 10 km depending
on the resolution required and available flight resource. A series of gamma ray spectra are
recorded along the flight lines together with positional information, from navigational
systems such as radio beacons or Global Positioning System (GPS), and ground clearance
data based on radar altimetry. With appropriate processing the method is capable of
estimating dose rates and the levels of deposited radionuclides with measuring rates some 2-3
orders of magnitude greater than available by ground based methods, and with area
coverage (taking account of the fields of view of airborne spectrometers) up to 6 or 7 orders
of magnitude greater than core samples. Modern airborne spectrometers comprise either
high volume scintillation detectors (typically 1-50 litres of NaI(Tl)) or Ge detectors, the
latter providing better spectrometric resolution but lower sensitivity. These systems can
operate automatically or semi-automatically, and are capable of reliable measurement even
at low deposition levels with a sampling time of a few seconds.

The various methods have their strengths and weaknesses and, in a well established
monitoring strategy, use is likely to be made of several approaches in combination.
Laboratory analyses of ground based samples better characterise the deposition at the
sampling peint, but are subject to small scale local variations. Ground-based in-situ
methods are highly sensitive, but require knowledge of the depth distribution. Airborne
gamma spectrometry provides a more rapid and representative survey for larger areas, but is
also sensitive to the distribution of activity in the environment. A limited number of soil
samples is therefore used to determine the radionuclide vertical distribution, for both in-situ
and airborne spectrometry, to allow for a more precise determination of the terrain
radioactive deposition than would otherwise be possible. A combination of airborne gamma
spectrometry and ground-based measurements thus provides a most effective measuring
method to survey large areas with relatively small variation in elevation.

Because they are efficient and can be used to survey large areas quickly, airborne gamma
spectrometry was the principal method used for measuring deposition on the territory of
the former Soviet Union following the CNPP accident; an area in excess of 5 million square
kilometres was surveyed in the former Soviet Union [B2, B3], Sweden [B4] and the United
Kingdom [B5].

B.2 Description of the data-sets used

A summary of the data used to compile the maps in the atlas is given in table B.1 All of the
data have been normalised (ie, corrected for radioactive decay) to 10 May 1986. Most of the
data were reported in terms of the total deposition (ie, from weapons’ fallout, Chernobyl,
etc) of caesium-137. In a few cases, data were reported in terms of only the Chernobyl
deposits; these have been modified to total deposits using a procedure agreed with
individual data suppliers.

The data used in compiling the maps comprised solely those based on soil sampling, in-situ
(static and mobile) and airborne gamma spectrometry. Data reported by some countries
(e.g. Albania, Bulgaria, Portugal) were in a form that could not be used for the purposes of
the atlas, neither directly nor indirectly (eg, measurements of the total deposition of beta
emitting radionuclides, concentration of caesium in environmental samples (eg, grass) or
foodstuffs, etc). In principle, such data can be used to provide approximate estimates of the
terrestrial deposition of caesium-137; however, this was beyond the scope of the project. For
these countries and others not reporting any data, maps of caesium deposition could not be

INPHUIIOKEHHE B
OB30P METOOUK U3YYEHUSA 3ATPASHEHHUA MECTHOCTHU U
XAPAKTEPUCTHUKA UCITIO/Ib3OBAHHbBIX JAHHbBIX

B.1. O630p MeTOOUK U3MEPEHUA YPOBHEH 3arpA3HEHUA MECTHOCTH
mesuemM-137

BeinmaBuiuit panMoaKTHBHBIN MaTepHas olipefe/saeT paluOJIOTHYEeCKHE TIOCTIECTBUA
aBapHitHOro Bri6poca. MayueHne pamMoakTHBHOTO 3arpA3HEHUA MECTHOCTH ABIAETCA
OTIPaBHBIM ITYHKTOM [UIf OHEHKU MHUTpPalMi PafHOHYKIMIOB B OKPYXKaIOLleH cpefle ¥ UX
BO3JENCTBUA Ha 4Yel0BeKa, a TaKXKe IUIA NPHHATHA PelleHH 0 Heo6XOOMMOCTH Mep IO
TIpeOTBpAalLleHHIO BIMAHUA TIOC/IeNCTBUI aBapDHMH Ha HaCe/leHHe.

K Hacrosuiemy BpeMeHH GbUIM pa3spa6oTaHbl U NMPOMOIKAIOT COBEPLIEHCTBOBAThLCA
pasHoOGpasHble METOB! H3MePeHHA PaJHOaKTHBHOTO 3arpA3HeH A, o po6HOe OTTHCaHHe
3TUX METOJOB BLIXOIUT 3a pPaMKH 3afad AT/aca, 3/leCb IPUBOJUTCA TOABKO KPaTKUM
0630p HaubosIee IUPOKO PACIpPOCTPaHEeHHBIX MeToqUK. bonee moppo6uyio nadopmanuo
MO>XXHO IIOYEPIHYTh U3 IPHU/IaraeMOro CIIMCKA IMTepaTyphI.

3arpssHeHMe TaMMa-HM3Ty4alollMMY PafHOHYKIHIAMU MOXET M3MEPATLCA IIyTeM oTbopa
npo6 MOYBHI, H3MepsAeMbIM B Ta60OpPaTOPHBEIX yCTOBHAX C MOMOIIbI TaMMa-
CTIEKTPOMETPHUYECKOI! anmaparypsl. [y6usa npo6oortopa (06614HO 70 30 cM) U Cr1OcO6BI
npo6oMOATOTOBKM (HaIpUMep, U3MeIb4YeHMe, IPOCYIIUBAHME H T.J.) B PasIHYHBIX
1a6opaToOpUAX MOTYT OT/IMYATbLCA APYT OT APYra, a Tak)Ke 3aBUCETh OT XapaKTepPHCTHK
3arpasHeHMs (HalpHMep, OT €ro Bo3pacTa). JaHHbI MeToJ OOLIYHO NaeT BeCbMa TOYHBIE
pe3yibTaThl (3aBUCAILIMe OT MPOJO/KUTENBHOCTH 9KCIO3UIUY NMPOOE M YYBCTBH-
TeJILHOCTH JIETEKTOpa), HO TpebyeT MHOTO BpeMeHH U Nno3ToMy jgopor. KpoMe Toro, B
npefesax INATEH 3arpsA3HEHMs CIOXHON CTPYKTYpbI BblllaJleHMH BO3HHKaeT
Heo6X0MUMOCTE OTOOPa OYeHb GOJIBIIOTO KOJIHYECTBA Mpo6. 3TOT METOM MCIIOIb3YeTCs
yallle BCero 1A Lielel KIMOPOBKU allllapaTyphl, 111 0T6opa OTpaHUYeHHOTO KO/IMYecTBa
npo6 (o0 HECKONBKUX COTEH, B MCKNIOYMTEIBHBIX CIyYasAX - IO HECKONbKUX THICAY), WIH
JKe B TeX C/Iy4asaX, KOT4a Helb3s NPUMEHHUTH APYyrue MeTofbl (HapHMep, B TOPHBIX
paitoHax). [IperMyI[eCTBO METOA 3aK/TIOYAETCA B TOM, YTO OH IO3BOJIAET UCCAENOBATh
rIy6MHHOE paclpele/leHHe pafHOaKTUBHOIO MaTepHaia B IOYBe MyTeM pas6UBKH NPOOHI
Ha OTAe/IbHBIE C/IOH U [TPOBeNeHU U3MePEHUHN KaXXIOTO U3 HUX.

KpynHoMaciiTabHble CbeMKH PaIMOaKTHBHOTO 3aTpA3HEHMA [JIA le/leff MOHUTOPHHIA
MOTYT BBINMONHATHCA 6e3 oT6opa MOYBEHHEIX NPo6 CpelcTBaMU HaseMHOM raMma-
cneXTpoMeTpHHM. IIpM HCHONB30BaHHHM 3TOrO METOAA TlaMMa-CIIEKTPOMETP
ycTaHaB/IHMBaeTC B GPUKCHPOBAHHOM IOJIOXKEHHH OTHOCHUTE/IBHO 36MHOM MOBEPXHOCTH.
3TOT MeTOx MOXKET ObITh CTA{MOHAPHEIM (raMMa-CIeKTPOMETPHA in-situ) 1 MOGWILHBIM
(raMMa-crieKTpoMeTpHYecKas allllapaTypa yCTaHaBIMBaeTcs Ha aBToMobmie. Mo6wibHas
raMma-CleKTpOMeTpHA NPUMEHANACh, HanpuMep, B OUHAAHANM, TOe O MOCTPOeHHs
KapThl 3arpA3HEHUA He3MeM-137 Ha TeppuTOpHIO 0Koja0 19000 XB.KM MCIONMB30Balach
KOM6UHanuA raMMa-crieKTpoMeTpuyeckux u GM-tube uaMepeHUIT ¢ HCIIOIB30BaHHEM
aBTOMOOWIbHOM TeXHUKU [B1].

A3po-ramMMa-cleKTPOMETpbI, YCTAHOB/IEHHBIE Ha 60PTy CaMOJ/IETOB UM BePTOJIETOB,
npucnocobIeHHbIX K MOJIeTaM Ha MaJIbIX BbIcoTax (25-100 M) co ckopoctsio 100-300
KM/4Yac., HCIIOMb30BaUCh [J/IA NMPOBeJeHUA ONEePATUBHOMN CheMKH PafHMOaKTHUBHOTO
3arpsA3HEeHUA ITOBEPXHOCTH 3eM/IM U aKBaTOPUIL. ITOT MeTOA U3HAYAIBHO pa3pabaTreiBaics
IUI MCTIOJNb30BaHHUA B I€O/OTHH, HO BIIOCIEACTBUY CTa/l BCe Yallle MPUMEHATHCA A
M3MepeHHA paMOaKTHBHOIO 3arpA3HEHUA Pa3MMyYHOM npuponbl. CheMKa Ha U3y4YaeMoil
TE€PPUTOPHUH HPOBOJUTCA OOBIYHO IYTeM IIPOJIOKEHMS MapasUle/IbHbIX MapUIPYTOB,
OTCTOALIMX APYT OT Apyra Ha paccTtosHuu 0,1-10 KM B 3aBUCHMOCTH OT HeOOXOOUMOM
NeTaNTbHOCTH MCCAeAOBAHUA M HAJAHUYHUA JeTHBIX pecypcoB. Booap Mapumpyros
dUKCHPYIOTCA CHEKTPHI TaMMa-H3JIyYeHUA U UHPOPMAUA O MPOCTPaHCTBEHHOM
MIOJIO>KEHUH JIETATE/ILHOTO alllapaTta, IojIydaeMas ¢ IIOMOLIbIO HaBUTALIMOHHBIX CHCTEM
(TaKHX, KaK paiMOMasKM WIH cHcTeMbl GPS - BceMHpHas cHCTeMa pacIoNoXeHHH), a
TaKXX€ [AHHBIX M3MEPEHMI BBICOTHI ¢ MOMOLIbIO pajapa. IIpu Hamrexaleit o6paboTke
NAaHHBIX 3TOT METON MO3BO/IAET JaTh OHEHKY YPOBHSA MOLIHOCTH O3Bl U 3aTPA3HEHUA
MECTHOCTH PafHOHYKJMAAMU C TOYHOCTHIO, IPEBHILIAOIIEH TOYHOCTh Ha3EMHBIX
METOJOB, NTPU 3TOM OXBAaT TePPUTOPHUHU MPU ONHOM U3MEPEHHH, [IPHHUMAasA BO BHUMaHHe
ManbHOCTb 0630pa 6OPTOBLIX CIIEKTPOMETPOB, MOXXET IPEBOCXONUTh TAKOBOH MpH
Ha3eMHOM Npo60ooT6ope Ha 6-7 HOPAAKOB. B cOBpeMeHHBIX aBUALIMOHHBIX CIEKTPOMETpax
UCTONB3YIOTCA CUMHTHIALUMOHHbBIE EeTeKTOPHI 60abIoro o6bsema (06b1yHo 1-50 1 Nal
(T1)) u MoMYNpOBOAHMKOBEIE NETEKTOPHI, 061afalole 60/Iee BLICOKOH paspellaloneit
CIIOCO6HOCTBIO, HO MEHbIIIEH YYBCTBUTEILHOCTBIO. [laHHBIE CHCTEMBI MOTYT paboTaTh B
aBTOMAaTHYECKOM WIH MONTyaBTOMATHYECKOM DeXMMe M JalOT Hafle)KHble Pe3yNbTaThl
M3MEpEeHH IaXKe [IPY HU3KMX YPOBHAX 3arpA3HeHHA (BpeMs OTHOTO H3MEPEeHHS TIPH 3TOM
COCTABJ/ISi€T HECKONIbKO CEKYHI /A CUMHTH/UIAMOHHBIX ¥ MUHYTHI J/If TOMYNpO-
BOJHHMKOBBIX JIETEKTOPOB).

PasHble METO/BI MMEIOT CBOM IUTIOCH M MUHYCEI, M TIPH XOPOILIO IIPOAYMAaHHOM CTpaTeruu
MOHMTOPMHTA, N0/Ie3Ha KOMOMHAIUA 3THX MeTO/0B. JlabopaTopHble aHAMU3bI P06
NoyYyBbl Haubo/ee NOTHO XapaKTEPU3YIOT 3arpA3HEHHUE B TOUKE npob6oor6opa, HO
MO/IBEP)KEHBl BAMAHHUIO M3MEHYMBOCTH TIOJEH 3aTPA3HEHHS B JIOKaJAbHOM MacluTabe.
Hasemnrbie MeTonbl usMepenuit in-situ 061aga0T BEICOKOW 9yBCTBUTENBHOCTEI), HO
TPeOyIOT UCCIeOBAHUSA PaclpefeNeHus PafUOHYKIUAOB N0 I1y6uHe. Asporamma-
CIIEKTpa/bHAsl CheMKa AaeT BO3MOXHOCTh NPOBECTH OBICTPhble M MpPEACTABUTEIbHEIE
M3MepEHUA Ha GO/bIIMX TEPPUTOPHAX, HO TAKXKe 3aBUCHUT OT paclpe/ie/leHUA aKTUBHOCTH
B OKpYyxXarolleit cpene. [ToaromMy npoussoautca ot6op orpaHMYeHHOro yucia nMpo6 s
MCC/Ie/IOBAHHA BEPTHKA/IBHOTO paclpesie/leHUs PaIMOHYK/IHJOB B II0OYBe KaK MpH
MpOBENEHHUH CHEKTPOMETPUIECKHX H3MEPEeHUt in-situ, Tak ¥ Npu ad3poramMma-
CHEKTPaTbHON CHEMKE, YUTO [jaeT BOSMOXXHOCTb HaHb0jIee TOYHO ONpPe/ieTUTh YPOBHU
PanHOAaKTHBHOTO 3arpA3HEHUS MECTHOCTH. TakuM 06pasoM, KOMOHHAIUA asporaMma-
CNeKTPaJbHOM CbEMKHM M Ha3eMHBIX U3MepeHMIT - Hanbolee 3P eKTUBHBIIN MeTOX
H3MepeHMI NPU NPOBEJleHUH ChEMKHU Ha OGIIMPHBIX TEPPHTOPHUAX C OTHOCHTEIBHO
He6OJIbLIIMM PacwIeHeHNeM pesbeda.

Ilocko/eKy asporamMma-CreKTpalbHble MeTolb! 3 EKTHBHBI TIPH OTIEPATHBHOM CheMKe
60MbIINX TEPPUTOPUI, OHH SABJIAMHCH ONHHUM M3 OCHOBHBIX CIIOCOGOB H3MepeHUA
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prepared; the number of such countries or regions is, however, very small. The number of
discrete data (ie, deposition level at a particular location) used in compiling the maps are
indicated in Table Bl. They do not, however, necessarily represent the actual number of
measurements made nor transmitted, In some countries (especially in Belarus and Ukraine)
the reported data are often aggregates of many measurements (eg, to be representative of
particular settlements) made in more extensive monitoring campaigns. Where more than
one deposition level was reported for the same geographic location, the values were
averaged by the project staff, after correction for radioactive decay. The data for Russia were
presented as a grid with different lags (distance between the points). Automatic processing
of airborne gamma spectrometric measurements together with soil sampling data was
completed prior to the beginning of this project; a complete map containing the eastern
Chernabyl pattern were presented with a lag of 1.3° in latitude and 3° in longitude, the
remaining European part of Russia and the Ural region with a lag of 3° latitude and 6°

longitude,

The spatial distribution of the data used is illustrated in Figure B.1; wide variation is
apparent in the density of measurements in different parts of Europe. Those regions
exhibiting the highest density of data (eg, Russia, Sweden, limited areas in the UK] have
‘been surveyed using airborne gamma spectrometry.

The data were provided largely by nominated contact points in each country but were
supplemented by data from other sources; the sources of data listed in Appendix F.

Fig. B.1 Spatial distribution of the caesium-137 deposition data used for the Atlas
Pucynox B.1. [Tpocmpancmeennoe pacnpedenene JaHHBX 0 3AZPRIUNEHUN MECHHOCMU
eapem=137, HenoapI08AHHY AR HOCHPOEHUA Kapm Amnaca

PaBHOAKTHBHOIQ 3arpAsHcHHA MecTtHocTH B OpipmeM CCCP nocae apapuu Ha
Heprobeiibekoi ADC. Beuia nposenena CheMKa Ha TEPPHTOPHH, IPERLILLIAIOLIEA 5 MIH.
KB.KM B ObiBiiom Cosetckom Comwae [B2, B3|, B IIseunn [B4| u Benurobpuranuu [B5].

B.2. Onucan#e HCNOIb30BABIIMYCA JAHHLIX

B rabmune B.l npusened ofs0p NaHHBIX, HCHOIb30BAHKHEIX [UTH COCTARIEHHS KapT ATnaca.
JTH maHHbie GBIM MEpPeCcHHTaHbl ¢ YHETOM PagHOaKTHBHOIQ pacmaga Ha 10 man 1986 r.
Boapuwias 4acTk AaHHBIX OTHOCHIACH K CYMMapHOMY 3arpasHenqo mesnem-137 (r.e., B
peaynbTaTe rnobfankHblX BbinageHui, YepHobuabckof asapuyu B T.0.). B HekoTOpRIX
CAy4anX NaHHEIE OTHOCHIHCh TOMIBKO K 4epHOOBITBCKHM BhIMANEHHAM; MX HYXKHO OblIO
CKOPPEeKTHPOBATE, YTOOL! BKAIOYHTL B HHX A0YePHOOGLIILCKME BulNafeHMe 1e3Ha-137,
[TpuMeHeHHBIE NPOLELYPLl GBUTH COTIACORAHBI C HAITHOHATLHEIMHE KOOPIHHATOPAMH.

Hpu NOCTPOEHHH KapT HCNMOAb3OBaAAHCh TOMNBKO TdHHBIE HBME]}EHHH, NMpoBOOAINIMECH
smerofgom oTGopa M aHanuaa npolb, MeTogoM in situ (CTalLHOHapHbIE H NOABUAKHBIE) H
METONOM ;1.’-][!1'3FHMMH-CT[EKT[}HJH:HDIFI ChEMEH. HI!HI‘."ITDPI—:IE CTPAHBI (HEIIPHMEP. Anbanua,
BGJTI‘U.[H‘UI, rIUPT}"I'aHHH:l Mpefcrabiiy JaHHbBIE, KOTOPME HeMh3d Guino HenocpegcTeeHHO
HCMOALIGBATE ANA MOCTPOSHHA KAPT 3aTPASHEHHA MECTHOCTH HesHemM-137 (Hanpusmep,
AdaHHbBIE HSME]JEI-IHI':[ CYMMAapPHOI'O 3aIrPH3IHCHUA 6ET&‘H3J‘]F‘{QIOMT-[I\-|II PalHOHYEIHIAMH,
JIAHHBIE O COAEPKAHHM LEe3Hs B npolax Tpassl, MPOLVKTOB NHTAaHHA W T.0.). TaKOro poga
JAHHLIE MOMHO HCITOMLIOBATE JINA rT]Z!Hﬁ."IH.'!LHTEJIl:-Hl:rK OLCHOK 3arpa3neHHA TePPHTOPHH
].16.‘31'[[‘1\'1—13?, OIHAKD, MPOBCICHHE TAKHX OLCHOK HC BXOOHIIO B 3371a9H ATnaca. ,G,J'!R ATHX
CTAaH, & TAKMKE CTPaH, He ].'IPE'.E.CTE.!BHBIJJHX OAHHBLE B‘DDGI.U,E- NMoOCTPOCHHE KApT 3arpA3HcHHA
MECTHOCTH UeaMeM-137 OKasanock HEBOAMOMHBIM, Yucno rakux CTPaH MAH PErHOHOR
Heremuko. B Tabmte B.l nokasaHo, CKOABKO TOYEK OBINO HCMNONKIOBAHO IR COCTABIEHNMA
kapT. OHM He OTpakawT NepROHAYANBHOIO KOAMYECTBA HIMEPEHMI MM MepelaHHbIX
panueix. B nexoropeix crpanax {ocobenno 8 Benapycn, na Ykpaune) npencrapiedHie
JAAHHBIE, MTOTYYEHHEIE B MTpenenax oJHOrD HACEAeHHOTro NMYyHKTa BO BpeMia [NpoReJeHHA
]J.[L‘IPDKD'ME.CI.LITEIEHHI HSMEPEHH]—M OCPEOHAMHCE H NPeICTaBNAINCE B BHOE OIHOH TOYKH.
Bo Bcex ciaydafx, Korama (515 F 4] NpeacTaBICHO HECKO-NBEO IHAMEHMH ¢ OAMHAKOBEIMH
KOOPOH-HATAMM, OHH NPHBOAHIHCE 10 eAHHON NATbl YTEM BBEAEHHA NONPaBOK Ha
panHo-4a ETHBHBIA pacnan M 3aTeM OCpeiHANHCh. ,IIEHH wie o Pocoun Qb npeacTasaeHbl
B BMJIe CETKM (rpmaa) C pasMMuHBIM LIaroM (pacctoanuem Mexay Touxamut). K Hawamy
pabdor no npoekTy B Pocou yae Oblia NpoBeAcHa asToMaTHIHpOBaHHan obpalorka
AAHHBIX azporaMa-CciiekTpalibHbIx HBprEJiH}_i H MOYBEHHOTO Dﬂpﬂﬁi}ﬂ{l[ﬁ{ﬂl NnoaToMy B
533}’ JAaHHBEX IO NPpOocKTY ﬁhlﬂa BREJEHZ YiHe ToTOoHad Kapra, nNpencrapjleHHan Nna
TEPPHTOPHH BOCTOYHOTO YepHobuuIhckoro caena ¢ marom 1,3° no mmpore 1 3% no
JOoAroTe, a miIf OCTANBHOM TEPPHTOPHH CBPL‘HI[‘HCKUﬁ yacTH POCCHH H br’p;mbcamm
peruoHa - ¢ marosM 3° no IWHPoTE 1 6° 10 A0AroTE.

I'EGI'[JBC]')I{‘ICCK{}L‘ MOMOAHCHHE TOMEK, N0 KOTOPRIM CTPOMIHCE KAPTEI, MPCACTARICHD Ha pHC
B.1. Obpauwaer na cefa BHHMAHHE WHPOKoe pasHoodpasie NPOCTPARCT BEHHOH
AeTaNbLHOCTH UﬁCHE,EI,GEﬂHHH 'I."EPP]-T'[‘D]J'HI_‘I PaA3MTHYHLIX EBPDI‘IE}':TCHHK CTpaH. Haubonee
OAO0THD PagMellleHbl TOUKH H3MEPEHHNH Ha TeX TEPPHTOPHAX, Tie NpoBaaNIach
azporaMMa-CNneKTp41bHAA CBhEMEKA “J(JCEPIH. LUBELIKH. HEKOTOPBIE piil:h.ﬂ'lill
BemuroOpuTanmuu),

Bonwinaa 9acTh DaBHBEX GBIIa NpeacTaBaeHa OQHUHANTBHBIMY OPraHMzalmAMY
PaznuYHBX cTpad. JJaHHBIEe MOCTYMANM TAK#Ee W M3 ApYrHUxX HcrodHnkoe. OHH
nepeyncaennl b Ipiiosenny F,
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Table B.1:  Sumiwary of data used in compiling the maps of caesium- 137 deposition

Tatirnua B. 1. Gfzop nr@opyMeigin ¢ I82PRIHEHUN MECKINOCMY HEIHeM-137, dcnoaelosannon

S nodzomasKt xapm

Couniry Surface {1000 km?) | Number of date used 11| Type of Sampling | Soil depth (mm) Modiflentions made to the reported data /3
Crpans Mnomeas (Teec. i) Yrcne Towext i Tun gaRrke | Irybivma npobo- | [pecdpasopamme MpECrabetmbix HanErx (2]
oTHopa ol [od)
Austria - ABcTprH 3.9 1780 SAL JIAT] 30- 10
Belerus - Benapyen 208 19058 Sal JAT] 200
Belginm - beasris D3 1l SAL JTATI 20
Croatia - XopsaTHa i 4 SAL MATI 50-100
Czech Republic - Hesan 769 e 54l JNATI 30 correction tor include global falloat:
[Reported level-0.5)%1.25 + 2.8 kBg m?
LUk HAECH ONPEBES HA BE IO EHHE
rACHaN EHEIX BELTALEHMH
Denmark - lamma 42| 15 Sal Tanm 100
Fstonia - JctoHma 43| 11! AGH ATC na
Finland - PruneHaHa 337 a5l MGS MMS na
B Sal Jlan 50
France - PpaHUHE 544 a5 sal J1AN i
Germany - Nepwanun 6 1371 SAL JIALL S0-200
Greece = I'pene 132 1931 sal aan 13,200
Hungacy - BeHrpua 93.0 b FGS T fia
Ireland - Hpnangna 639 142 Sal JIALT i, ni
Traly (3] - Fltanga 43 150 4 3 SAL JTATIT ni, 154
Latvia - larans 637 133 AGS AlC na
Lithuanta - Turea 632 B0 &L JTAIT na
Luxembeurg - TwkcestSypr 1.59 15 Sl JATI B- 110
Maoldavia - Mornacis 337 £ AGE ATC na
Netherlands - Hupeprananr il.2 4| Sal JIATT 0
Morway - Hopeernd 324 443 SAL Al 40
Paland - MToaewa I3 20 AL JIAT] 100
Romania - PympliHA 238 214 Sal. Jlall 150
Russia {Earopran part) - JB00 176971 SAl JIATT 150-300
Poceuns {Eponefickad 9acTh) AGS AT na
Slovak Republic - Cnosasma 9.0 411 SAl nan an correction t include global falloue:
(Reported level.D.5)%1.25% + 2.8 kBg m?
BECJHAACE TTOMNPABRA HA GRIKSCHHE
rAobaThHBTX BB NATEHHR
Slovenia - Croserina 2.3 57 5al flan L2
Spain - Honanwe 05 3l SAL NAN ni
Sweden - [Llpeynn 430 | 33844 AR ATT na 1.6 KBy m * adeled o correct for global fallaul
BEGAMIAL L 1107 PABKY HE EKMKIHCHIE
T A EN DBITAAeHHR
Switzerland - WerAuapuna 41.3 190 sal NAll 130-200
EGS TII'C na
Turkey (European part} - 2 | 3AL Man T
Typung (Eppone Ackan 3acTy)
Ukraine - ¥xpanna 604 11569 Al NAT 200
AGS ATC ria
United Kingdom - Beankabp Tauua 245 kL SAL MIADT S-130 reselection of original data aver 1 kRgm-?
45801 AGS ATC e MCIB TR L B (0 BAYRARH LY ILH K,
NPEALINLIAMHY 1 kbedht

SAL: sadl sareple anatyits in laboratoery Ak
FGS freld {fn-sitae ) gernivin- spectrametry are:
MOE: meeliile gantE-speciratictry MHS:
AGE: atrborae gaaema-speciromietsy AlC:
i it fiformalion
ahit: mirk wpplicahle
r, serre of these dasa represent ﬂm}'ﬂgﬂlﬂd values pitained fromt more tgn one preasurement; many of the 2
etz for Belarus wd Ukraine represend agpregated values obezined from several thousgads of origiral
LI RS o E ,
2l Corrections in agregmrent with the data provider m’_
3 exelueding Sicly £
[BIj Il Arvela, M Markkanen and 1 Lermnmela, “Mobile survey of environmental EAmma [B1]
radiation and fall-out levels in Finland after the Chernebyl accident”, Radiation
Frotection Dosimetry, Vol 32 No, 3, pp. 177-184 (1990}
[B2] KM Kogan, [ M Nazarev, Sh D) Fridman, “Principles of Environmentat Gzamnma
Spectrometry”, 3™ ed,, rev. and suppl, - Moscow, Energoatomizdal, 233 pp. (1991) [B2]
{in Russian)
[B3] Yu A lzrael, 5 M Vakulovski, ¥ A Vetrov, ¥ N Petrov, F Ya Rovinsky and E D Stukin,
“Chernobyl; the radivactive contamination of the envirenmental surroundings™, Ed. [B3]
Yu A lzrael, Leningrad, Gydrometeoizdat, 296 pp. (1994} (in Russian)
{B4] H Mellander, “Airborne gamma spectrometric measurements of the fall-out over
Sweden alter the nuclear reactor accident at Chernobyl, US5R™, TAEA internal report [B4]
[IAEA/NENEINM-89-1
[B5] DCW Sanderson, | D Allyson and A N Tyler, “Environmental Applications of
aitborne gamma spectrometry”, IAEA TECTIOC 827, pp. 71-91, IAEA, Vienna (1995) [B5]

RASApAHToPrbiR Avectiiin Tk

HOMABR 2o - CHEN PO MBI (11 iit)
MOBIABHBIF LIMEPERUA (i Situ )
AFOTEMMI-CHERIEIPMEM LR

HEKEHRIDEIE U3 FRTHA JAHNHA MPESCHASARIN CyMMAE) e SORTIN B, HECKEALKUE BIMEPEHUIR; MHOZUE
danvime np Berppyr v ¥upanne mpedcmaaiRiont ciMMARHUN BERHULM G, BN HE O 1 ECKAAbINX SOM
00 HECKEABKUX Mo AMEpeH

ROHPEAKY HO S020800HOCrH B © R sy, afedocmdsuamum e danrse

fiez Cryguann

X. Apeena, M. Maprsanen n X, Jlemaena, «[lepensiokibie vamepeHua
CCTECTBEHHOM [AMMA PATMAIMH H €€ YPOEHEA B BHINAACHHAY B DHHAAHAKK NOC1E
YepHOSEIECKOR ABAp MU JOSHMEPTHE FRANAALIMON HOR 3aUTHL, ToM 32 M3, ¢ 177-
184 (1990) {Ha aHCA. 23e1Ke)

F.M.Keoran, H.M. Hasapoe, O D puaman «OCHogs TaMMa-CReKTpoMeTPHIH
NPHPOIHBX CPeny., Hid 3-¢, nepepal. H Nonon., - Mockea, SHeproaToMHanaT,
233 c (1991)

KA, Hapasae, C.M. Bakynosckuit, B.A. Berpor, B.H. [Metpos, &4, Posuuckcri n
EJI. Crykmu. «Mepuofiniibt paaMeanTHBIOE 3ArPASIEHHE TPHPOIHLIX CPEL», TTO
pen. KO A Mapasas, - Temurpan: FuapesereonagaT, 296 ¢ (1990)

X. Mennannep, «BoaIylunbie ravma-cneKTROMETPHYECKHE H3MEPEHHA BLIMATEHH it
nan [l seupeit nocne apapun na Yepaobuutnekos peartope, CCCP» MATATD
miyTpeinsti ordeT MACATIHNENFNM-89-1 (ma avra. asoike)

. C. B. Canpepeon, k. 1. Annmwcon # A, H. Tafinep, «Bosgyursas
TEMMAMEKTPOMETHA B IPMMEHEWMH K OEpY*Ratolled cpenes, MATATS TECDOC
827, 71-91, Bena (1995) (Wa aHrA, B3b1Ke)



IIpunoxennsa C - AppendixC 3]

APPENDIX C
GEOGRAPHIC INFORMATION SYSTEMS AND THEIR ROLE WITHIN
THE PROJECT

Although the main aim of the atlas is to present information on radioactive deposition, one
of the most challenging and innovative aspects of the project were the methods used in the
compilation and production of the various maps. The demand for the storage, analysis and
display of complex and large sets of environmental data has led to the use of computers, and
to the creation of sophisticated information systems. The function of an information system
is, inter alia, to improve decision making. An information system is that chain of operations
that starts with the collection of data which are then analysed to generate new information
for the decision making process. A major goal of this project was the use of a computer-
based information system to manage, process and display all of the elements that are shown
on the maps of this atlas. The tools and methods used to produce these maps are
summarised.

By definition, a map is a mathematical representation, to a certain scale and on a flat
medium, of a selection of features on, or in relation to, the surface of the Earth [C1,C2]. To
be useful, a map must be able to convey information in a clear and unambiguous fashion. In
order to achieve this goal, a cartographer must transfer information from the surface of the
Earth to a sheet of paper. In an abstract sense, this paper then stores and displays the data
that the mapmaker has analysed. In other words a map can be regarded as an information
system. A geographic information system is an information system that is designed to work
with data which are located by geographic coordinates (also known as spatially referenced).
In this sense, a geographic information system (GIS) can be thought of as a high order map
product. The term GIS has in recent years become synonymous with a rapidly emerging
technology for processing spatial data. A GIS can be defined as a powerful set of computer
based tools for collecting, storing, retrieving, transforming and displaying spatial data from
the real world for a particular set of purposes {C3]. In simple terms, a GIS can be regarded
as a database system for holding information together with an integrated set of operations
for working with the data. GIS are rapidly becoming a standard tool for the management of
natural resources and the production of high quality output (ie, maps).

The GIS that was used in this project is ARC/INFO (1) version 6.1. In addition to a huge
library of tools for processing spatial data and generating high quality maps, ARCINFO
includes a relational database interface that allows integration with existing database
management systems and an effective programming language (AML) for developing
customised applications which was extensively used in this project. ARC/INFO was used
because it is probably the most used GIS in the world, which implies that the exchange of
information between collaborating groups is relatively straightforward and simple.

The bulk of the cartographic detail for virtually all the maps in the atlas is provided by
information contained in the Digital Chart of the World (DCW). The DCW is a global
product, produced for the US Defense Mapping Agency [C4] from aeronautical
charts. The DCW is a data-set of assorted digital cartographic themes at a
scale of 1:1,000,000. Each theme is coded for a number of attributes and the
information is presented as latitude/longitude coordinates. The DCW provided a common
base from which all maps could be produced. Where necessary, the DCW data have been
supplemented by additional information from the European Commission's GISCO database
(Eurostat 1994) and from the Lovell Johns 1:5,000,000 European Digital Database.
Substantial and extensive editing and re-coding of these data-sets were undertaken in order
to satisfy the needs and objectives of the atlas. Some original data capture was performed in
order to provide the necessary geographic detail for the larger scale maps.

The information on radioactive sampling from the collaborating laboratories was received
in the form of data which could be geographically located by a latitude and longitude
coordinate. The spatial information was used to generate a point based theme (or coverage
as they are referred to in ARC/INFO) of the sampling locations. Each point is tagged with a
unique identification code and additional information, (eg, the caesium-137 deposition
value) and any other attribute information, can then be attached directly.

Because degrees of latitude and longitude are measured in angles from the centre of the
Earth, locations listed in degrees cannot be associated with a standard length. Consequently,
for any database to be useful for spatial analysis, all data locations must be registered to a
common coordinate system. A coordinate system is composed of a spheroid (a
mathematical description of the Earth's surface) and a map projection (a mathematical
conversion from spherical to planar coordinates). Map projections ensure a known
relationship between locations on a map and their true locations on the Earth. For the maps
in the atlas, the deposition sampling points were transformed to an equal area map
projection (Lambert Azimuth Projection). Once the data have reached this level, the
cartographic data (eg, coastline} can be similarly transformed to the same projection and
overlaid to check the locational accuracy of the sampling point coordinates and plotting.

The next phase in the production of the atlas requires the generation of maps that display
the point-based sampling data as isolines of caesium deposition. This complex topic is
covered more in detail in Appendix D.

Once the deposition maps have been calculated, powerful analysis of the data can be
undertaken. The relationship between various themes can be investigated by the simplest of
GIS operations such as overlay and buffering. For example, all towns within 100 km of the
Chernobyl site can be identified, the relationship between caesium deposition, topography
and precipitation levels can be correlated while the effect of urban heat islands on
deposition patterns can be assessed.

For any atlas, a crucial element is the presentation of the final results. The deposition data
need to be combined with the supporting cartographic data-sets (e.g. roads, rivers, political
boundaries) to produce a series of graphic files. As in the case of maps, a GIS provides the
user with tools to display data by a range of symbols and colours. Areas can be filled by
patterns or solid color, lines can be depicted by varying widths and styles.

It is imperative that the output is of the highest quality. Lovell Johns have developed an
innovative routine to transfer ArcInfo coverages into an Apple Macintosh Desk Top
Publishing (DTP) environment for the generation of high quality value-added graphics

IIPUTOXKEHHE C
TEOI'PAOMYECKHE HHOOPMAITMOHHBIE CUCTEMBI U UX POJIb
B ITPOEKTE

OcHoBHOI 3anayeit AT/aca ABIAETCA KapTorpapMpoBaHHe paqHOAKTHBHOTO 3arpA3HEHMS
MECTHOCTH, TIPU 3TOM ONHOM M3 OCOOEHHOCTeN MpoeKkTa ObIIO UCNONB30BaHHUE COBpe-
MEHHBIX METOJ0B NMOocTpoeHHs KapT. Heo6xomMMocTs cb6opa, aHaMHU3a U OTOGpaKEeHUA
O6LIMPHOTO KOMIUIEKCa JaHHBIX, OTHOCALIUXCA K OKPY’)Kalolleil cpefie, IpHBeaa B
TOoC/HeJHUE NeCATHIETHA K LHPOKOMY MCIOAb30BAHHNIO KOMIBIOTEPHBIX CPENCTB M
CO3aHHIO CJIOXKHBIX cUCTeM 06paboTku Takoro poaa undopmauuu. Hapany ¢ peluennem
IpYyrux 3agad, HHpOpMalLlHOHHbIE CHCTEMBI CIIOCOGCTBYIOT MOBBILIEHUIO KadyeCTBa
TIPUHATHSA YIpaBleHYeCKUX pelleHui. THQopMallMOHHasA cHUcTeMa IpencTaB/seT co6oi
LIeTIOYKY OINepaluii, HaYMHasA co c6opa AaHHBIX, U UX IOCAeNYyIOLIero aHaau3a C Uenblo
CO30aHMA Ka4eCTBEHHO HOBOI MHGoOpMaLuHu. B 1aHHOM npoekTe KOMIbIOTEpHas
MHpOpMallMOHHasA CHCTeMa Obl1a MCIIOb30BaHa 1A 06paboTKU M 0TO6GpakeHUs BCex
3/IeMEHTOB Harpy3ku CocTaBafeMblX kapT. B HacTosmeM [TpunoxkeHHH KpaTko
ONMUCHIBAIOTCA CpedcTBa U MeTOIbl, HCMNONb30BABLUNECS I/IA MOCTPOEHMUS KAPT
PaZMOaKTHBHOTO 3arpsA3HeHusl, IpeflCTaBlIeHHbIX B AT/ace.

Ilo ompenenenuio, kapTa mpencTaBiaseT co60ii MaTeMaTHYeCKH OIpefieNleHHOe u3obpa-
»KeHMe Ha IUIOCKOCTH B HEKOTOPOM MaclTabe CrellHaTbHO OTOOPAHHBIX XapaKTePUCTHUK
3eMHO MOBEPXHOCTH, WIH HEKOTOPBIX XapaKTePHUCTHK OTHOCHTeNbHO Hee [Cl, C2]. s
yno6cTBa MOIb30BAHUA KapTa JO/DKHA OTPa)kaTh MHQPOPMALIHIO ACHO U HEIBYCMBIC/IEHHO.
B a6cTpakTHOM CMBIC/Ie KapTa XPaHUT M M306pakaeT NaHHbIE, IPOAHATU3HPOBAHHbIE
cocTaBUTeNeM KapThl. JJpyrHMH CIOBaMH, KapTy MOXHO pacCMaTpHBAaTh Kak
uHpOpMalHOHHYIO cucTeMy. ['eorpaduyeckas undopmaunontas cucrema (TUC) - ato
cucTeMa, MpeflHasHAuYeHHas Q1A PabOThl C NAHHBIMH, UMEIOIINMH reorpadpuyeckue
KOOpPIHUHaThl (NIpOCTpPAaHCTBEHHBIMH OaHHBIMH). B atom cMmbicnie TMC moxer
paccMaTpHUBaThCA KaK KapTorpadHyeckoe NpoH3sBefleHHe BBICOKOro Mopsanka. TepMuH
I'UC B mocnenHMe rofbl cTaln CHHOHMMOM OGBICTPO Pa3BUBAIOLIENCA TEXHOIOTHH
06paboTKH MPOCTPaHCTBEHHBIX JaHHbIX. [MC MOXXHO onpenenuTh KaKk MOILHBIN Habop
KOMITBIOTEPHBIX CPeACTB I/s cbopa, XxpaHeHHUs, NOUCKA, flepeflayd U OTOGpakeHus
MIPOCTPaHCTBEHHBIX NAaHHBIX, [IOCTYTAIOLIUX U3 PealbHOrO MHUPA, A/ PAa3TUYHBIX LeIeH
[C3]. Haubonee npocro TMC MOXHO onpeneanuTb Kak CHCTEMY, COCTOALLYIO U3 Gasbl
JOAHHBIX /ISl XpaHeHHUs MPOCTPAHCTBEHHONH MHQOPMALMM U BCTPOEHHOTO MPOrPaMMHOTO
KOMIIJIeKkca o pabore ¢ TakuMHU gaHHBIMH. TMC 6bIcTpO cTaHOBATCA OGLIETIPUHATHIM
MHCTPYMEHTOM YIIPaB/IeHUs NPUPONHBIMU PeCYpcaMH U MOCTPOEHHA KapT BBICOKOTO
KayecTBa.

TUC, ucnonb3yemas B JaHHOM TIpOEKTe, IpeAcTaBaseT Bepcuio 6.1 ARC/INFO(D),
[ToMumo ob6mupHoro Habopa cpeAcTs AnA 06pabOTKH MPOCTPAHCTBEHHBIX NaHHBIX H
NOMy4yeHHs] BbICOKOKadecTBeHHbIX KapT, ARC/INFO Bxmouaer B ce6s unrepdeic nis
CBSI3U C 6a3aMHU JaHHBIX, KOTOPBIH MO3BO/IAET NPOBECTH HHTETPALIMIO C CYLIECTBYIOLIUMH
CHCTEMaMHM yHpaBJieHUs 6a3aMHU JaHHBIX U HCNONb30BaTh 3 EeKTHBHBINA A3BIK
nporpaMMupoBanus AML a1 paspaboTKU NPWIOXKEHHI IS MOJb30BaTe/Iel, LHPOKO
npuMeHaBluxca B npoekte. Cucrema ARC/INFO 6bi1a BbI6paHa MOTOMY, YTO OHa
ABaseTcA Haubonee nonynsapHoit TMC B Mupe, 4To noapasyMeBaeT OTHOCHTENbHO
HpPOCTO¥ 06MeH HHPOPMALHEH MeXIY COTPYIHUYAIOLIMMH OPraHH3aLHAMH.

Karorpaduyeckas nprBs3ka MpaKTHYeCKH IJIA BCex KapT Ariaca obecrieveHa nHQoOp-
Malued, cogepxxauieyica B uudpoBoi kapte Mupa (IIKM). IIKM umeer rnobanbHbiit
OXBaT M MOTy4YeHa Ha OCHOBAaHMH KOCMHYECKMX CHHMKOB BoeHHBIM kapTorpagmuueckum
areitcreoM CIIA [C4]. IIKM npencraBnsger co6oi MacCHB HaHHBIX Pa3/IMYHBIX
M pOBHIX C10eB KapTorpaduyeckoil Harpysku B Macurtabe 1:1 000 000. Kaxnsrit
3JIEMEHT HarpysKH 3aKOJHOBaH II0 MHOTHM ITIpHU3HaKaM, H UHGopMauus npeacTaBieHa B
LIMPOTHO-JONTOTHBIX koopauHaTtax. IIKM obecrieunBaer obiyio 6a3y, Ha OCHOBaHUH
KOTOPO# MOXHO NOCTPOUTH N06ble KapThl. [Ipn HeobxoauMocT naHHble IIKM
monmonHAAUCh HHGopManHelt U3 6a3nl faHHbX GISCO Epponeiickoit KoMuccun
(EBpocTtaT, 1994) u EBponeiickoit ungpopoit 6asn nanubix Jlosenna Jxonca (1:5 000
000). Insa ynoBneTBOpeHUs TOTPeGHOCTE AT/aca M BBHITIOJHEHHSA ero 3aaay 6s110
NpoBeJleHO OOLIMPHOE peNaKTHPOBaHHE 3THX MAaCCUBOB JAHHBIX M MX INEPeKOJHPOBKa.
Hnsa obecrieyennsa Heo6xoAMMOIL reorpadUuecKOil HeTAIBHOCTH KapT 60Jiee KPyIIHOTro
MacmTab6a 6bUTH TIPUBJIEYeHbl HEKOTOpPble OPUTHHAIBHBIE JAHHBIE.

HudopmMauns o painoakTUBHOM 3arpsisHeHHH Obla MONy4YeHa W3 NPHHUMAIOLIUX
y4yacTHe B COTPYNHHMYeCTBe OpPraHM3alMil B (pOpMe TOYEK, KOTOpPbIe HMEIH KapToO-
rpacduyeckyo NMpUBA3KY MO IIMPOTe U Joarote. OHU COCTABUIM TOUEYHOE MOKPLITHE
(cnot), cornacuo TepMuHonoruu ARC/INFO. Kaxpas Touka MMeeT YHHKaIbHBIA
OTIO3HABaTEe/MbHBINM KO U CONEP>KUT UHGOPMaIMIO 06 YpOBHe 3arpsA3HeHN LiesHeM-137; B
Oa/bHeMIlIeM KaXKIYI0 TOYKY MOXHO OyHeT HemoCpeANCTBEHHO CHabIUTh 060 ApYyroi
uHdopmauues.

s Toro, yto6sl mobas 6a3a JaHHBIX MOTJIa OBITh MCIIOAb30BaHa I TPOCTPAHCTBEHHOTO
aHau3a, Bce JaHHbIe HY>KHO 3allMCaTh B eJUHOI CHcTeMe KOOpAuHaT. CucTeMa KOOpPAHHAT
coCTOUT U3 cheponna (MaTeMaTHYeCKOTO ONHUCAHHUA MOBEPXHOCTH 3eM/IH) U KapTo-
rpadHyecKoi MPOeKIMH (MaTeMaTHYeCKOTO Cocofa nepexofa oT chepHyecKHX KOOPIH-
HAT B KOOPJWHATHl Ha MIOCKOCTH). [TpOeKIMH OTpaXKalOT CBA3b MeXAY NMOJ0XeHHEM
06beKTOB Ha KapTe M MX JeHCTBUTE/NbHbIM NOJOXeHHWeM Ha 3emie. [Iaa kapt ATnaca
TOYKH ¢ HHOpMaLHel 0 3arpA3HeHHH 6bUIM Npeobpa3soBaHbl B PaBHOIUIOLIATHYIO
KapTorpadpuuecKylo npoexkuuio (a3uMyranbaas npoexuus Jlambepra). SneMeHThl KapTo-
rpacduyeckoit Harpysku (Hanpumep, 6eperoBas NTHHHA, JOPOTH, PeKH) NPeNCTaB/IeHbl B
TOJ e MPOEKLIUH U HAJIOXKeHbI /IS TPUBA3KH HHGOPMAaLMH O 3arpsA3HEHHH.

Cnenyroomuit aTan cocTaBleHUA ATnaca COCTOSI B CO3NaHUU KapT, NPeACTaBAAIOLINX
3arpsA3HeHHe MECTHOCTH Lie3ueM-137 B M301MHUAX. DTa npollefypa onxcaHa 6onee
noxgpo6Ho B ITpunoxenuu D.

[To 3aBeputennn nocrpoenns kapt 'MC nosponser ux mpoaHanusupoBaThb. B3auMocssasu
MeXIy pasMMYHbIMH reorpadHUYecKMMH XapaKTepHUCTUKaMH MOXHO MCCIe0BaThb C
noMo1upio npocredux onepauuii T'MC, Takux, Kak HaJoXeHHe KapT C BbIACTEHHEM 30H
NepeKphIBAIOIIMX APYT ApYyra 371eMeHTOB. HanmpuMep, MOXHO BbIAEIHUTb BCE ropoja B
onpejgeneHHOM paguyce BOKpyr YepHobninbckonn ASC, MoxeT GbITh BblsfAiBIEeHA
3aBHCHMOCTb MEXNY yDOBHAMHM 3arpA3HEHUA LiesueM-137 ¥ KOIMYeCTBOM BbIMAaBLIMX
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prior to final printing. Once the ARC/INFO files are in this environment, all the elements
for plotting appear as individual layers, which further onwards can be arranged
appropriately and manipulated as required.

Initial proofing of the maps were carried out on a computer monitor and on paper plots
from colour plotters. On completion of the pre-printing stage, a series of postscript files
were sent to a high resolution optical film writer which uses a light to transfer the graphics
image to colour film. These films were used to produce the master copies for the printing
stage.

(1) ARC/INFO is a registered trade mark of ESRI Inc., California, USA

[C1] K G Salishchev, Cartology. MGU, 484 pp. (1980) (in Russian)

[C2] C Valenzula, "Basic principles of Geographic Information Systems” in Remote
Sensing and Geographic Information Systems for resource management in developing
countries, edited by A Belward and C Valenzula. Dordrecht: Kluwer Academic, pp.
279 - 295 (1991)

[C3] P Burrough, “Principles of Geographic Information Systems for land resource

" assessment. Oxford: Clarenden Press (1986)

[C4] Danko, “The digital chart of the world project” in Annual ESRI User Conference 11th,
Proceedings: Redlands, Calif., Environmental Systems Research Institute, Vol. 1, pp.
169-180. (1991)

OCaJKOB, MOXET 6bITH OLI€HEeHO BO3[eMCTBHUE TOpOACKHX OCTPOBOB TE€Il/Ia Ha KapTHUHY
pacnpenenenns 3arpAa3HeHu .

B nro6oM aTnace BasKHBIM ABJIAETCSE IPeNCTaBIeHHe OKOHYaTebHbIX pe3ynbTaToB. s
HoMyueHHUs! rpadHuecKUX (aiIoB NaHHble O 3arPA3HEHUH HEOOXOOUMO CKOMOHHUPOBATD
C MaccuBaMH KapTorpaduuecKkux HaHHBIX (T.e., DaHHBIMH O NOPOTax, pexax,
rocynapcTBeHHbIX TpaHHuax). Kak ¥ Ha TpaguuMoHHBIX KapTax, IMC obecneunBaet
H306paxKeHHe ¢ MOMOIIbI0 CHMBOJIOB M LIBEeTOB. [IOJIMTOHBI MOTYT OBITh 3aKpalleHbl
LITPUXOBKOM WM 1LIBETOBOH 3a/IMBKOM, LUMPHHA IMHUH U UX PUCYHOK MOTYT MEHSAThCA.

Heo6xonumo, 4To6b! BbIXONHblE JaHHbIE OBIIM CaMOTO BBICOKOTO KadecTBa. K Hacro-
AuleMy BpeMeHH JloBeioM JpKoHCOM pa3paboTaH HOBBIH CITOCOO IepeHoca MOKPhITHUMI
ARC/INFO B cpeny Apple Macintosh Desk Top Publishing (DTP) nas noryuenus rpabuku
BBICOKOTO KayecTBa Iepejl 3aBepluarolel meyaTero. Ecmu daiisr ARC/INFO HaxopsaTcs B
3TOH Cpefie, BCe 3/IEMEHTBI I/IsA HAaHeCEHU Ha KapTy IOsIB/ISIOTCS B BUIE OTHE/NbHBIX CI0€EB,
KOTOpbIe 3aTeM MOXHO yHNOPS#OOYUTb OJO/KHBIM 06pasoM M COEIHHHUTb, KaK 3TO
Heo6X0IHMoO.

HepBH‘-IHbIﬂ KOHTpPOJ/Ib Kadye€cTBa KapT OB BHIMONHEH Ha MOHHUTOPE€ KOMIIBIOTEpPA U Ha
6yMa)KHOﬂ OCHOBE€ C IIBETHOTIO IIJIOTTEpPaA. Ilo 3aBECPUICHHUHU CTAaAHUH npenBapMTeanoﬂ
II¢4aTH OKOHYATE/IbHBIC (banIbI 6bUTM OTIEYaTaHbl HA ONTHYECKOM IJIEHKE C BBICOKHMM
pa3pelli€HHEM, I'I€ UCIIONb3YETCsA CBET NJIA IIEPEHOCA rpacbw{ecxoro H306pa)¥(eHHH Ha
LIBETHYIO IUVIEHKY. ISTH IIEHKH NIPpUMEHATNUCH JUIA ITPOU3BOACTBA MaCTep-KOHHﬁ Ha CTagHHu
I€4aTHu.

(1) ARC/INFO - saperucrpupoBatHas Toprobas mapka ESRI Inc., Kanudopuus, CIIA.
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[C4] Hanko «lIudpoas kapTa MHPOBOIO IPOEKTa» B TPYAAX eKETOAHOM 11-i1
koHbepenrtuu nonb3osateneir ESRI, Pennennc, mrat Kamudopuus,
HccnenopaTenbckuit IHCTUTYT OKpy»Karollielt cpensl, ToM 1, ¢ 169-180 (1991) (na
aHIJI. A3bIKE)
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APPENDIX D
INTERPOLATION PROCEDURE APPLIED TO THE BASIC DATA

D.1 The Point to Area Conversion

Deposition levels were provided in the form of discrete (point) data located geographically.
These data can be of a regular nature (eg, measurement points along the helicopter flight
when using airborne gamma spectrometry survey) or of a rather random nature (g, values
gridded to settlements, weather stations, research areas, actual point of measurement, etc).

Such data could be presented or displayed in different ways. Presenting the data by points,
coloured according to the levels of deposition at the measurement location, is indicative of
how thoroughly the territory has been investigated but it disguises the spatial continuity in
the deposition patterns. Therefore, as the deposition of caesium-137 is a continuous field, it
can be best presented on maps with the help of isolines. Isolines, when connecting equal
values of the deposition levels, indicate spatial variation of these levels and single out
irregularities in deposition fields.

The data are also presented in the form of Voronoi polygons as this has the added advantage
of showing the original structure of the sampling network.

D.1.1 Voronoi polygons

Generally, when the studied variable is continuous, an attempt is made to reconstruct this
continuity with the help of models. This can be done with interpolation methods that
involve the estimation of the variable at unsampled places. Voronoi polygons, also called
Thiessen polygans [D1], have been used to divide each country into areas, with each area
representing one data” point. These polygons have the property that any point in 2 given
polygon is closer to its associated measurement than that in any other polygon. Each
polygon (or data point) is associated with one or more measurement of deposition assigned
to a single location. Where more than one data value was assigned to a single location, the
average value was taken. Consequently, areas with small polygons reflect a high density of
data points and vice versa. In the following example, data are clustered in the south of the
country whereas, elsewhere, they are spatially more homogeneous and less dense,

Fig D.1 Example: sampling points in Poland
Puc. D. 1, Tlpumep pasmeierus mouex onpobosanun s Moawviue:

Each data point is taken to represent the deposition value of a certain area; this does not
necessarily coincide with the corresponding Voronoi polygon. How representative this area
is depends on many factors: the characteristics of the Chernobyl accident, the distance from
the CNPP, the relief and the character of the underlying terrain, the nature and intensity of
precipitation experienced by the radioactive material as it dispersed over Europe, elc,
Therefore, the Voronoi polygons should not be interpreted as a reflection of a real structure
of the deposition field, but as a primary model based on the available data. In addition, this
method underlines the apparent influence of isolated sampling locations on the general
deposition pattern.

D.1.2 Interpolation method used

D.1.2.1 General

The use of Voronoi polygons is, by itself, insufficient. This technique was mainly used to
show the reader the original data and their relative spatial distribution.

The second approach adopted for the interpolation was to assume the observations to be
spatially correlated, ie, the closer two observations are, the more likely it is that they are
similar. Unlike Voronoi polygons, more weight (a scaling factor expressing the importance
of a variable) is therefore assigned to nearby points than to distant points, The maost
common weighting function is the inverse distance weighted (IDW] method [D2] which
has, in general, been used here. Although other methods could have been used, this well
known method was preferred due to its ease of use and because it provided a good
compromise between calculation speed and quality of the interpolation. The use of more
sophisticated tools would, in general, have greatly increased the computational resources
needed with only marginal improvements in the estimated patterns of deposition. A
disadvantage of using the IDW method is that using weighting functions may introduce
ambiguity if the characteristics of the depaosition patterns, and therefore those of the
weighting functions, are not known. Furthermore, this interpolation method is a smoothing
procedure, which means that it processes minima and maxima located at sampling points
but does not show them on the maps.

NPUIOXKEHUE D
MPOIIEAYPA MHTEPTIONALIMHM ITIPUMEHHTE/IBHO K
MCXOIHBIM NAHHBIM

D.1. IIpeo6pasoBanne TOYKH B IVIOIIATHYI0 XaPaKTePHCTHKY

Hudopmaumus o6 ypoBuax sarpAsHenma nocrynana 8 Gopme reorpadpuyueckn
pPaaMelleHHBIX ToueunnX pannux, (HH MOryT HOCHTE peryIApHEI xapakTep (HanpHMmep,
TOYKH H3MEPEHHI 110 MAPLIPYTY BEPTONETd [IPH A3pOraMMa-ClieKTPanbHOA CheMke), 1o
PACMOAATATLCA AOCTATOYHO CAY4aiiHO (HanpHMEp, HIMEPCHHA, IPHYPOUCHHBIE K
HACENEHHBIM MYHKTAM, METEOCTAHLHEM, HAYHHO-HCCTEOBATENLCEMM NDIHTIOHAM,
OTE/IbHBIE TOYKH HAMEPEHHA M T./1. IR

PaamemtenMe TakMX JaHHBIX MOMKeT OBITL HOKa3aHO PasnHYHBIMH cnocobamu,
[Mpepcrasnedme JaHHBIX € TOMOUIBID TOYEK, OKPALIEHHBIX B COOTBETCTBHH C YPOBHEM
JATPHIHEHHA B MECTaX HEMf:pEHHﬂ. NOKA3BIRACT HAYHCHHOCTE TCPPHTOPHH, OIHAKO,
CKPBIBEACT MPOCTPAHCTBCHHYIO HENPEePRIBHOCTE noas sarpasnensxa. [loatomy, naunwe
OB TAKHKE TPeICcTaBIEHbl B BHAE MOIHTIOHOR Bupouaro. KOTOPBIE AeMOHCTPHPY T
CTPYKTYPY CETH MpobooTOopa No Kam 10 CTPane.

Tlockonbky sarpAsHenHe 1esuem-137 npencrasaseT coboi HeNpepLIBHOE HOE, TyYLIE
BCETO MOKA34ThH €r0 Ha KAPTE ¢ MOMOLWBI0 HIOAHHKA. M30auHKK, coeanuas TouKH C
OJMHAKOBEIMH 3HAMEHUAMM YPOBHA 3arPAIHEHHA, OTPaKaoT ero NpPoCctPaHCTBEHHY IO
M3MEHYMBOCTE M BHIABIAIOT BAPHAOMIEHOCTE TIONE BArpASHEHHA,

D.1.1. ITonuroxnt Boponoro

TMonurousr Boposore, HasbisacMele Takse noaurodaM Tuccena [D1], ucnosssosaincs,
YTOOLL PA3ACINTE KAV CTPAHY HA YACTH, OTpakaloliKe dakTHYECKY 0 MAQTHOCTE
npoGoorbopa. Kamuiilt NOJAHroH CBA3AH ¢ OLHHM HAH HECKOABKHMH HIMEPCHHAMM
SATPAIHEHHA B OIHOM H TOM K€ MECTe (,HJ'[.II MHOMOKPATHBIX HSMEP{'HHI:I C ONHHAKOBLIMH
KOOPIHHATAMI Gpanace cpeiHan apudMeTHUeckad senHunHa). XapakTepuss gan
nonuronos BopoHoro ABAsSercs To, 4To nwobas TOUKA HA JAHHOM TOJAMTOHE
reoMETPHYECKH Gnmike K cBoell To4ke HAMEPCHHA, “YCM K HIMEPCHHIO, CITPEIENAI0LIEMY
moGoit 1pyro# nonurod. CrefoBaTeNbHO, TEPPHTOPHN, 3AMOMHEHHbIE HEBOILIIHMH
NIHTOHAMH, OTPdMAIOT BRICOKYH) TILIOTHOCTL HEMQPEHHﬁ H H&DﬁQPﬂT. Han PHMEP, H3
MPUBEACHHOI® HHEE [NPHMEPA BHMAHO, Y1TO HAMCPEHHA COCPEJOTOMEHLI Ha ore Ioasumm, a
NpyrHe ofnacTH oficaeloBaHbl MEHEe IETANEHA.

Fig D.2 Exarmple: Voronai polygons for the sampling points in Poland
Puc. D.2. Hpusep noxuzonos Bapovozo dna movex onpobosanua & [Teaswie:

HeolGxopuMo OTMETHTh, YTO KaXKIAH TOUKI HIMEPEHHH «OTREYaeT» 33 YPOBEHL 3arph-
JHCHHA Ha HBKOTOPDR maoman B cBOMX OKPECTHOCTAX, KOTOPRIC [4/eKO HE BCelna
COBNAfaloT ¢ pasMepaMH W KoHdurypauuaMu noauronos Boponoro., Paamepul atux
ﬁKPECTHE‘Jf—TEﬁ AABUCAT OT MHOTHX OPHYHH. A HMeHHO: OT ocofeHHOCTER BoAA
aaapnﬁﬂoru JATPAIHCHHE, HMCIOIIETD XAPAKTCEp CHCOOR B MATEH, OT BAHIOCTH K
ABIPHITHOMY PEAKTOPY, OT peibedid MeCTHOCTH 1 XapaKrepa sarpasueHnoro nawaadira,
OT XdpaKTepa H HHTEHCHBHOCTH OCGIAKOB BO BPEMA PaclpPOCTPAHEHHA PANHOAKTHBHOTO
cobmaka» M cTpyH Han EBponoft u apyrux npuuuH. [Moatomy He cneayer cinraTh
noauronsl Boponoro orpaxkenem penibHOR CIPYKTYPLL NOAA 3arpHIHenHa. 3T0 MM
NEPBHYIHAA MOJENL, OCHOBAHHAA Ha TeX MAHHEIX, KOTOPHMH MLl pacoofaransy Jas
AANBHEHINEro MOCTPOEHHA KAPT B HAONHHHIX.

D.1.2. Hcnonbyemblii MeTOI HHTEPIOXAIHH

D.1.2.1. O6mne nono:kKeHusd

Koraa uayvaeman nepeMeHHan HENPEPLIBHA MO CBOEA NMPHPOE, CCTECTBEHHA NONBITED
PCKOHCTP}'}IPOBHTIJ 3'['}" HC‘I:PEPE[BHUCTh. 3'!.'(] MOMHO COEAATE € MOMOIIBIO METOAOR
HHTEPI[UJIHL[HH. OUEHHBAKOLILMY 3HAYCHHA I]EPEMEHHOﬂ TaM, rae ]'Ip'uﬁbl HE U'I"C’lHPWIHCh.

Haubonee vacto npumeHAeMblil B HALIEM CAY4Yae METOL MHTEPNOAALNE CONEPARHT
AONYULEHAE O TOM, YTO BEIHUHHL B TOUKAX HA0MIOACHHUA KOPPeaHpoBalbl B npo-
CTPaHCTBe, T.E., HeM O/HMKE [BE TOYKH B Had MECTHOCTH, TeM Ooabllle BePOATHOCTE TOTD,
4TO OHH (MH3KH M 110 3HAMEHHIO YPOBHA sarpAsHedna. Mcxons ua atoro gonyiiexus,
OAN3NEKALMM TOUKAM [10 OTHOLIEHHIO K H3DECTHON NPHIHCHBaeTCA GONbINHA Bec.
Hanbonee obuenpunaTan seconas yHKIKA OMHCAHA METOLOM «00PATHOID PaccTOAHHAR
(OP) |D2], nmenno 3107 MeToL HanOo/Iee 9acTo MCNONLI0BANCA [T OCTPOSHHA KapT.
Meroay OF Gwiio 0TIaHO NPEANOYTEHHE B CHIY TOFO, 9TO OH AETKO NPHUMEHHM H
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The value of the exponent. Because the underlying structure of the deposition pattern is not
known, the exponent was estimated empirically with the help of cross validations. Data were
randomly extracted from the original data-set and interpolated with increasing exponent
values. The estimated values were then compared to the original ones in order to judge the
appropriateness of the different values of the exponent. This method has been applied
several times for each data-set with the removal of 5, 15, 25, 35, 45 and 55% of the original
data. In general, an exponent of value 2 provided the best fit.

Due to the large number of data used in the interpolation, it is judged that plausible changes
in the parameters of the IDW method would not lead to major differences in the deposition
patterns in most of the maps presented in the atlas.

D.2 Mapping Procedure to Present the Interpolated Values

During the interpolation procedure, the estimated values of the variable at unsampled places
were calculated on a regular square lattice grid. This procedure is often referred as
“gridding”. The gridded values can then be converted into a Cartesian matrix consisting of
rows and columns. The intersection of the columns and the rows generate cells to which are
attributed the value describing the analysed feature. The conversion of an area into such a
matrix is known as rasterisation.

In general, rasterised data can be presented in two different ways: by a raster or by isolines.
In the case of raster presentation (also called pixel map) every cell is coloured as a function
of its value or by isolines. Because of the large variation in the deposition levels, presenting
the data in raster format would not have been ideal as it would have required a different
colour for every deposition value. It would then have been difficult to see differences
between the colours for small variations in the levels of the deposition patterns. Therefore,
the use of isolines was chosen to symbolise the continuity of the deposition patterns.
Because not all deposition levels can be presented, the reader should recognise that the use
of contour intervals always hides the underlying variability of the deposition patterns.

On the basis of the general sampling density, the resolution of the raster data was defined by
cells of 2 by 2 km for all countries. It should, however, be clear to the reader that the
estimation of unknown values for each cell in cases of low density of sampling locations is
not realistic. It was, however, the only way to keep our techniques as standard as possible,
and to facilitate the comparison between the maps. Readers of the atlas should exercise
caution when trying to understand or interpret the deposition patterns and should refer to
the associated maps presenting the Voronoi diagrams. Subjective judgement played an
important role in finalising the maps of deposition. Subjectivity occurred mainly in the
interpolation of areas with clustered data and with a high variability. These areas had to be
filtered as the number of associated isolines were too high and hid the general pattern. This
phenomenon, often encountered when using the IDW interpolation method and generally
referred as “bullseyes” effect, can be partly avoided by using resampling techniques which
select only the median, the mean, or the most frequent value of surrounding data. The
choice of the smoothing technique was based on cross validation techniques and the visual
comparison of the original map and its smoothed version.

The users of the Atlas should not forget that a map is a model of reality, rather than the
reality per se. The formal-mathematical procedure of interpolation and computerised
mapping is a simplification of the reality as it does not take into account all peculiarities of
the environment which have determined the deposition patterns.

D.3 Application of the procedures

The procedures described above were used to prepare the maps for all countries and at all
scales. The maps for Belarus, Russia and Ukraine were further refined using information not
specifically available within the joint project. In this process, account was taken of the
totality of the measured data (as opposed to aggregated data available in the project), their
relative quality or reliability, and the characteristics of different surfaces (eg, forests,
industrial areas, agricultural land, etc) onto which deposition was measured or being
interpolated.

[D1] A H Thiessen, “Precipitation average for large areas”, Monthly Weather Review 39,
pp.1082-1084 (1911)

[D2] R F Walters, “Contouring by machine: a user’s guide”, American Association
Petroleum Geologists Bulletin 53, pp. 2324-2340 (1969)

[D3] A G Journel and Ch J Huijbregts, “Mining Geostatistics”, Academic Press (1978)

[D4] Y Pannatier, “VARIOWIN. Software for spatial data analysis in 2D”, Springer Verlag
(1996)

[D5] N S Lam, “Spatial interpolation methods: a review”, The American Cartographer
10(2), pp. 129-149 (1983)

Hcxons 3 Hanbo/ee pacrpocTpaHeHHOH I'YCTOTHI ONPO60OBaHM s, paspellieHHe pacTPOBbIX
HaHHBIX 6bUIO 3a0aHO AYEHKOM CO CTOPOHOM 2 KM I BcexX cTpaH. [Ipu 3TOM unTatens
IO/DKEH MOHUMATh, YTO B CIyYaAX Paspe>KeHHOM CeTH U3MEPEHMH JaTh peaMCTUYHYIO
OLIEHKY HEM3BECTHOIO 3HaueHHUs YPOBHs 3arpsi3HEHHs B KKHOM TaKOM sAveilKe ABASETCA
monyiueHueM. TeM He MeHee, 3To 6blIa eIMHCTBEHHAs BO3MOXKHOCTh NIPUMEHEHHUA KaK
MOxHO 6o/lee CTaHOAPTU3MPOBAHHONH METOOUKH MOCTPOeHUs KapT. [103TOMy uuTarenu
ATnaca, npeanpUHMMas NOMNbITKU UHTEPIpeTalUU MOJIeH 3aTPSA3HEHUA, TOKHDbI
06pallaTbcs K COOTBETCTBYIOLLUMM KapTaM, PeNCTaB/SIOLIMM [IOIUroHbl BopoHoro.

ITonb3oBaTensaM ATnaca He clemyeT 3abbIBaTh O TOM, YTO KapTa - 3TO MOHeIb peajbHOM
OEeMCTBUTENbHOCTH, a He caMa NeHCTBUTEIbHOCTb, KOTOPas MOXET OKa3aTbCs B PANE MeCT
3Ha4YUTeNbHO 6OJlee U3MEHYMBOH, YeM 3TO MoKaszaHO Ha KapTe. PopMmanbHO-
MaTemaTHyeckas MpoleNypa HHTEPHOMALMH M KOMIBIOTEPHOTO KapTorpadHpoBaHUA He
MOJXeT YYeCTb BCeX OCOOEHHOCTEH OKPYXaIOLlel Cpelbl, KOTOPble YCTAHOBUIU OPMU-
pOBaHMe peajbHOro no/is 3arpAsHeHus. OOHAKO, NOAyYeHHble HAMU KapThl, OCOOEHHO,
I/11 TEPPUTOPUH € BLICOKOJ I'YCTOTOM OMpo6OBaHUA HMEIOT BBICOKYIO TOCTOBEPHOCTD, T.K.
OMMPAIOTCA HAa BHICOKOTOYHBIE M3MEDEHUS, MOJyuYeHHble MPHU NMOMOLLM CAMOH
COBpPeMEHHOM allapaTypbl.

D.3. IIpoBenenue npouenypbl KaprorpadpupoBanus

Onucannas BhlLle NMpolLedypa HMCIO/Ib30BaNach NMPU MOCTPOEHUH KAapT BCeX CTPaH
Esponbl. B Benapycu, Poccun 1 Ha YkpauHe elle 0o Hayaaa paboT IO MPOEKTY GbIIH
COCTaB/IeHbl TTOAPOGHBIE KapThl 3aIrpA3HEHHA Le3ueM-137, IpH 3TOM HCIONb30BAIUChH
METOJIbl, aHa/JOTHYHbIe BBINIEONMCAHHBIM, HO MHOpMauusa Obuta 6ostee noppobHoit. B
YaCTHOCTH, IPH NPOBENeHUM U3OJMHHUN 3aTpA3HEHUA NPUHHUMAINCh BO BHUMaHHUe
naHpmadTHbIE XapaKTePUCTHKH (HallpUMep, BbIIENSUIMCD JIeCa, PallOHbl TIPOMBbILLIEHHOH
3aCTPOMKH, CE/IbCKOXO3AMCTBEHHbIE YTONbA).

[D1] A.X. Tuccen, «Cpentiee KOTHYECTBO OCANKOB ISl OGLIMPHBIX TEPPUTOPHUII»,
exxeMeca4HbIi 0630p nmoroast Ne39, ¢ 1082-1084 (1911) (Ha aHr1. A3biKe)

[D2] P. ®. Banrepc, «<HaHeceHne KOHTYPOB ¢ TOMOILBIO MEXaHU3Ma: CTIPABOYHHK
N0/1b30BaTe/A», Bro/ieTenb No53 AMepHUKaHCKOM acCOCHALMU HeTAHBIX T€0JIOTOB, C
2324-2340 (1969) (Ha aHTI/1. A3bIKe)

[D3] AT. Ixopuen u Y. [x. Xeitbeprrc, «[eocTaTHCTHKA PyIHUKOB», AKageMuK [Ipecc
(1978) (Ha aHr1. a3bIKe)

[D4] W.Tlannatbe, «VARIOWIN. [Tporpamma n/1s aHaiu3a pOCTPaHCTBEHHBIX NaHHbIX B
IOBYX U3MepeHMAX», Cripunrep Bepiar (1996) (Ha aHr1. A3blKe)

[D5] H. C. JIaM, «MeTonp! NpOCTPaHCTBEHHON HHTEPIIOIALMH: 0630p», AMEPUKAHCKUH
kaprorpad 10(2), ¢ 129-149 (1983) (na aHr1. s13blKe)
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APPENDIX E
INTERFACE BETWEEN DEPOSITION AND OTHER GEOGRAPHICAL

FEATURES

The significance of the deposits of caesium-137 on the territory of Europe depends on the
nature of the underlying surface and uses made of it. For example, had all deposits occurred
on sparsely populated areas of the Arctic the radiological impact on man would have been
considerably less than had all deposits occurred over areas of high population density or
agricultural production. The inter-relation between the distribution of deposition and
distributions of such quantities as the population and agricultural production is essential in
determining the radiological and environmental impact of a given deposit. While the
assessment of environmental impact goes far beyond the scope of this atlas, information on
a number of relevant geographic features is presented to enable the reader to gain a better
appreciation of how they relate to the distribution of deposited caesium-137. Maps on a
European scale are presented for the distribution of population density [E1,E2], soil type
(E3], vegetation-land use [E4] and elevation [E5]. (See Plate 65)

[E1] SERLL News, Issue No.1, January 1991, Birkbeck College, London, UK

[E2] D Rhind. "Cartographically-related research at Birkbeck College 1987-91" in “The
Cartographic Journal”, Vol. 28, June 1991, pp. 63-66.

[E3] FAO-Unesco Soil Map of the World; UNEP/GRID 1986 Version.

[E4] "Global Vegetation Index Users' Guide (rev. Oct. 1990)", comp. and ed. by K B
Kidwell. Available from the US Department of Commerce, US National Oceanic and
Atmospheric Administration

(E5] “European 30 arc-second Digital Elevation Model (DEM)”, EROS Data Centre, US

IMPUNTOKEHHUE E
CBA3b MEXAY PAOUOAKTHUBHBIM 3ATPA3HEHUEM U
HEKOTOPBIMH TEOTPAOUYECKHUMHU XAPAKTEPUCTUKAMU

3HaYMMOCTD 3arpsA3HEeHHs TePPUTOPHUI Le3ueM-137 B EBporne 3aBHCUT OT xapakTepa M
ocobeHHOCTel 3eMIenob3oBaHuA. Ecny 6b1 6bLIM 3aTpsisHEHBI MAIOHACEIEHHbIE PAOHBL
APKTHKHU B pe3yabTaTe aBapHH, PafMOJOTHIECKOe BO3JEHCTBHE Ha YeloBexa ObUTO Obl
3HAaYHUTETbHO MeHbllle, YeM eclTH 6bl HauOOo/IbIIeMy 3aTPsA3SHEHHIO OABEPI/IHCh PAaOHBI C
BBICOKOH IUVIOTHOCTBIO HACEIEHHS WM CENbCKOXO3SMCTBEHHBIM POMU3BOICTBOM. Baanmo-
3aBUCHMOCTD pacTpefe/leHUs 3aTPA3HEHUS U TaKUX reorpadHyecKux XapaKTepUCTHK, KaK
YHCIEHHOCTh HAaCe/ME€HUA U CTPYKTYpa 3eMJIENIONb30BaHHUSA, ABASETCA OCHOBOMOIATAIOIIUM
IpH oNpeleleHUH PaiHOAOTHIECKOTO BO3NEHCTBHUA 3arpsA3HEHMS U ero BAMSHHUSA Ha
okpyxawouywo cpeny. MHdopMaLus o nepeducieHHbIX reorpadUyeCcKUX XapaKTePUCTHKAX
TaK>Ke NMPHUBOAUTCA B ATiace, 4TOOBI YUTaTe/Nb MOT TPOBECTH CONOCTABIECHHE ITHX
XapaKTepUCTHK € YPOBHSAMM 3arpsA3HEHHs Le3neM-137. B 3TOM npwiokeHUH B 0630pHOM
Maciurabe mpencTaBleHa KapTa IUIOTHOCTH Hacenenus [El, E2], mousennas kapra [E3],

KapTa pacTHTe/IbHOCTH M 3eMJIenonb30oBaHus [E4], kapra penpeda [ES5]. (cM. puc. 65)

(E1] Hosoctu SERLL, Beinyck Nel, suBaps 1991 r., Bupk6ek xotemx, JIOHIOH,
Benuko6puranus (Ha aHriI. 3biKe)

[E2] [.Punn, «CBssaHHble ¢ KapTorpaduei uccrenosanus B Bupk6ex xonenxe B 1987-
1991 rr.» B «KaprorpaduyeckoM xxypHaie», ToM 28, uioHb 1991 r., ¢ 63-66 (Ha aHIL.
A3bIKeE)

(E3] ®AO-IOHECKO Ilousennas xapra Mupa; UNEP/GRID usnganue 1986 r. (ua aHr.
A3bIKe)

[E4] «AndaBHUTHDIL yKasaTenlb MUPOBOIL pacTUTeNHOCTH. CIPaBOYHHK 115
nosb3oBatend. (Hepepaboran B okT. 1990 r.)», cobpan u usnax K. B. Kugsen.
Hmeerca B Munucrepcrse Toprosau CIIIA. HaunonansHas Anmunrcrpauus CIIA
10 OKeaHaM ¥ aTMocdepe (Ha aHIJI. A3bIKe)

[E5] «EBpomeiickas 30 apk-cekyHaHas UU(poBas MOLeNb BO3BbIlIeHHOCTH (DEM)»
Hentp nanueix IPOC, CIIIA (ua aHr. A3biKe)
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APPENDIX F - IIPHJIOKEHHUE F

NATIONAL CONTACT POINTS - ADDITIONAL DATA SOURCES
CIINCOK JINLI, ITPEJOCTABHUBIINX IIOHOJIHI/ITE)II)HYIO
NUHO®OPMAIIHIO ITO CBOUM CTPAHAM

Data sources and national contact points

Data were largely, but not solely, provided through designated national contact points; bold
type-face is used to identify the latter

VICTOYHMKHM TJaHHBIX M HALlHOHATbHBIE KOHTAKTHPYIONINE OPTaHHU3AIUH

JaHHBIE NPeNCTABAAINCh He TONbKO HAI[MOHAJbHBIMH KOHTAKTHDPYIOLIMMHU
OpraHHU3alUAMH, B TEKCTE OHH BbIN€/IEHB] XXUPHBIM LIPUPTOM

Austria - ABcTpHs

E Henrich, Bundeskanzleramt, Sektion VI, Wien

W Ambach, University of Innsbruck, Inst. fiir Medizinische Physik, Innsbruck
P Bossew, Osterr.Okologieinstitut, Gamma-Mefstelle, Wien

P Brunner, Versuchsstelle fiir Umweltanalytik und Strahlenschutz, Innsbruck
M Ditto, BALUF Wien, Wien

T Falkner, UBA Wien, Wien

K Fink, Amt der Stmk. LReg, Graz

E Fleck, Wien

M Friedrich, BALUF Wien, Wien

F Gatternig, UBA Klagenfurt, Klagenfurt

M Gerzabek, OFZS, Seibersdorf

] Graf, Agrolinz Melamin, Linz

H-G Heintschel, Institut fiir Umweltmedizin, Wien

E Hiesel, UBA Wien, Wien

] Jordan, BALU Innsbruck, Innsbruck

P Karacson, NO.Landesregierung, Wien

V Karg, BALUF Wien, Wien

K Kienzl, UBA Wien, Wien

P Kindl, TU Graz, Graz

J Krischan, Amt der Kirntner Landesregierung, Abt.12S, Klagenfurt

R Kronraff, BALU Linz/STS, Linz

H Lettner, Universitit Salzburg, Institut fiir Physik und Biophysik, Salzburg
E Lovranich, OFZS, Seibersdorf

F-] Maringer, Bundesversuchsanstalt Arsenal, Geotechnisches Inst., Wien

S. Meisel, TU Graz, Reaktorinstitut, Graz

S Mohamad, OFZS, Seibersdorf

G Mraz, Osterr. Okologieinstitut, Gamma-Mefstelle, Wien

K Miick, OFZS, Seibersdorf

H Miiller, TU Graz, Graz

Palfrader, Landwirtschaftliche Untersuchungs- und Versuchsanstalt (LUVA), Rotholz, Tirol
E Plantosar, LKH Graz, Priifstelle fiir Strahlenschutz, Graz

H Rabitsch, TU Graz, Graz

H Ramesmeyer, Amt der Burgenlindischen Landesregierung, Abt. Maschinenbau,
Eisenstadt

J Scherer, Umweltinstitut Vorarlberg, Bregenz

F Schénhofer, BALUF Wien, Wien

S Sperker, Amt der OO Landesregierung, Abt. U-LS, Linz

H Spreizer, LKH Graz, Priifstelle fiir Strahlenschutz, Graz

] Stohr, Landesforstdirektion Tirol, Innsbruck

F Strebl, OFZS, Seibersdorf

J Striedner, UBA Klagenfurt, Klagenfurt

M Tschurlovits, Atominstitut der Osterreichischen Universititen, Wien

A Wenisch, Osterr. Okologieinstitut, Gamma-Me8stelle, Wien

A Zoner, Agrolinz Melamin, Linz

Belarus - Benapych

1T Matveenko, Republic Centre of Radiatioan and Environment Monitoring, Minsk
H.M.MarBeeHko, Peciybnukanckuit LleHTp no pagualluM ¥ MOHUTOPHHTY OKpy>KaroIled
cpensl, MuHCK

Belgium - Benbrusa
G Verduyn, Ministerie van Volksgezondheld en Leefmilieu, Instituut voor Hygiéne en
Epidemiologie, Brussel

Bulgaria - Bonrapusa
E Vapirev, Faculty of Physics, Sofia University

Czech Republic - Yexun

I Bucina, National Radiation Protection Institute, Prague

V Klener, National Institute of Public Health, Centre of Radiation Monitoring Network of
Czech Republic, Centre of Radiation Hygiene, Prague

I Malatova, National Institute of Public Health, Centre of Radiation Monitoring Network of
Czech Republic, Centre of Radiation Hygiene, Prague

Croatia - XopBaTusa

D Cesar, Institute for Medical Research and Occupational Health, Department of Radiation
Protection, Zagreb

Z Franic, Institute for Medical Research and Occupational Health, Department of Radiation
Protection, Zagreb

G Marovic, Institute for Medical Research and Occupational Health, Department of
Radiation Protection, Zagreb

J Sencar, Institute for Medical Research and Occupational Health, Department of Radiation
Protection, Zagreb

I Valcic, Ministry of the Economy, Departement of Nuclear Safety, Zagreb

Denmark - Tanua
A Aarkrog, Risg National Laboratory, Roskilde

Estonia - 9cTouusn
E Realo, Institute of Physics, Estonian Academy of Sciences, Tartu

Finland - Ouunaupus .
A Rantavaara, Finnish Centre for Radiation and Nuclear Safety, Helsinki

France - ®panuus
M Métivier, IPSN/DPEI/SERE, CE Cadarache, St.-Paul-Lez-Durance
G Linden, Office de Protection contre les Rayonnements Ionisants, Le Vesinet

Germany - lepmanusn

G Meurin, Bundesministerium fiir Umwelt, Naturschutz und Reaktorsicherheit, Bonn
H Bonka, Rheinisch-Westfilisch Technische Hochschule Aachen, Aachen

Ronsch, Bundesamt fiir Strahlenschutz, Berlin

Greece - I'penrns :

P Kritidis, Environmental Radioactivity Laboratory, Institute of Nuclear Technology -
Radiation Protection, NCRPS “Democritos”, Athens

S E Simopoulos, Mechanical Engineering Department, Nuclear Engineering Sectlon,
National Technical University of Athens, Athens

Hungary - Bearpusa

I Nikl, “Frederic Joliot-Curie” National Research Institute for Radiobiology and
Radiohygiene, Budapest

A Andrasi, KFKI-Atomic Energy Research Institute, Budapest

B Kanyar, University of Veszprem, Veszprem

I Végviéri, “Frederic Joliot-Curie” National Research Institute for Radiobiology and
Radiohygiene, Budapest

P Zombori, KFKI-Atomic Energy Research Institute, Budapest

National Institute of Food Investigation, Budapest

Ireland - Upmaunus
D Pollard, Radiation Protection Institute of Ireland, Dublin
T Ryan, Radiation Protection Institute of Ireland, Dublin

Italy - Uranua

C Giovani, Azienda Ospedaliera S. Maria della Misericordia di rivievo nazionale e di alta
specializzazione, Udine

R Padovani, Azienda Ospedaliera S. Maria della Misericordia di rivievo nazionale e di alta
specializzazione, Udine

S Piermattei, ANPA (Agenzia Nazionale per la Protezione dell’Ambiente), Roma

Minach, Labor fiir physikalische Chemie, Siidtiroler Landesregierung, Bolzano

Latvia - JlarBusa

Dambis, Radiation and Nuclear Safety Inspection, Riga

A Jansone, Radiation and Nuclear Safety Inspectorate, Ministry of Environmental and
Regional Development of Latvian Republic, Riga

G Matisone, Latvijas Republikas Satiksmes ministrija, Valsts Hidrometeorologijas Parvalde,
Riga

Lithuania - JIntsa
S Motiejunas, Environmental Protection Department of the Republic of Lithuania, Vilnius
A Daubaras, Environmental Protection Ministry of the Republic of Lithuania, Vilnius

Luxemburg - TrokceM6ypr
M Feider, Direction de la Santé, Division de la Radioprotection, Luxembourg

Netherlands - Hupepaangbl
R O Blaauboer, Laboratorium voor Stralingsonderzoek, Rijksinstituut voor
Volksgezondheid en Milieu, Bilthoven

Norway - Hopserusa
L Skuterud, Norwegian Radiation Protection Authority, @sterds
F Ugletveit, Norwegian Radiation Protection Authority, @steras

Poland - ITonpina
S Sterlinski, Central Laboratory for Radiological Protection, Warsaw
J Jagielak, Central Laboratory for Radiological Protection, Warsaw

Portugal - HOpTy’I‘a)IHH
A Ortins de Bettencourt, Radiation Protectlon Department, Direc¢ao Geral do Ambiente,
Sacavém

Romania - Pympinnsa

S Sonoc, Institute of Environmental Research and Engineering, Bucharest

C Dovlete, Institute of Environmental & Engineering Research, Environmental
Radioactivity Laboratory, Bucharest

Russia - Poccua

Yu A Izrael, Institute of Global Climate and Ecology, Moscow

A A Fedotkin, Scientific Technical Enterprise “Aerogeophisic”, Moscow

V M Kertzman, Scientific Technical Enterprise “Aerogeophisic”, Moscow

R S Kontarovich, Scientific Technical Enterprise “Aerogeophisic”, Moscow

V P Martynenko, Scientific Technical Cooperation “Taifun”, Obninsk

M V Nikiforov, All Russian Scientific Research Institute of Agricultural Meteorology,
Obninsk

V V Reshetov, Scientific Technical Cooperation “Nevskgeologia”, Saint Petersburg
S M Vakulovsky, Scientific Industrial Cooperation “Taifun”, Obninsk

10.A. Uspasnsb, UHCTUTYT r106abHOrO KIMMaTa M 3Koa0ruM, MockBa, Poccus
A.A, ®enoTkuH, HayuHO-IPOU3BOACTBEHHOE NpeNNpHUATHe «A3poreodusukan,
Mocksa, Poccusa

P,C. Korraposuy, HayuHo-npousBoacTBeHHOE NpeAnpHsaTHe « AaporeodusuKkar,
MockBa, Poccus
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B.M. Kepuman, HayuHo-IpOH3BOACTBEHHOE MIPENNpHATHE «Adporeodpusukar

Mocksa, Poccus

B.I1. MapTHuHuenko, HayuHo-nponsBoacTeeHoe o6benunenne «Taidyn», O6uunck, Poccus
C.M. Bakynosckuit, Hayuno-npoussonctseHoe o6bennnenme «Taidyn»,

O6uMHCK, Poccua

M.B. Hukudopos, Bcepoccuitckuit Hayq4HO-HCC/IENOBATENBCKMN HHCTUTYT CENbCKO-
XO3AICTBEHHOM MeTeoponorui, O6HHHCK, Poccus

B.B. PewetoB, HayuHo-npon3BoAcTBeHHOe npeanpuaTte «HesBckreonoruas, CaHKT-
[Netepbypr, Poccus

Slovak Republic - Cnopakus i

M Vladar, Institute of Preventive and Clinical Medicine, Bratislava

Slovenia - CnoBennsa

M Gregoric, Ministry of Environment and Regional Planning, Slovenian Nuclear Safety
Administration, Ljubljana

M Andjelov, Institute for Geology, Geotechnics and Geophysics, Ljubljana

D Brajnik, Jozef Stefan Institute, Ljubljana

M Kandug, Institute of Occupational Safety, Ljubljana

R Martincic, Jozef Stefan Institute, Ljubljana

Spain - Hcnanusa
A Travesi, CIEMAT/IMA, Madrid
E Gil Lépez, Consejo de Seguridad Nuclear, Madrid

Sweden - IlIBeusa
H Mellander, Swedish Radiation Protection Institute, Stockholm
Swedish Geological Survey, Uppsala

Switzerland - llIBeltmapua
H Vélkle, Section of Environment Radioactivity, Federal Office of Public Health, Fribourg
C Murith, Section of Environment Radioactivity, Federal Office of Public Health, Fribourg

Turkey - Typunus
E Birol, Turkish Atomic Energy Authority, Radiological Health and Safety Department,
Ankara

Ukraine - YkpanHa

L Ya Tabachnyi, Minchernobyl, Kiev

A Bondar, Main Administration of Geodesy, Cartography and Cadaster at the Cabinet of
Ministry of Ukraine, Kiev

V Giriy, Institute of Radioecology, Kiev

A Kosovetz, V Vol'shev, State Committee of Hydrometeorology of Ukraine, Kiev

G G Poturidis, Minchernobyl, Kiev

J1. 51. TaGauusrit, MuHYepHOObLIL, KHeB

®. Boupaps, ['naBHoe YnpasneHnue no reogesuu, kaprorpacbun u kagactpam Cosera
MuHuctpoB Y kpaunsl, Kues

B. I'upust, UHCcTHTYT pagnoskonorun, Kues

A. Kocosewn, B.Bonbiues, T'ocynapcreennelit Komurer 1o ruipomMeTeoposioruu Y KpauHel,
Kuen

I.I.Tlotypuauc, MunyepHoO6bL1b, KHen

United Kingdom - Benuno6puranus

B Wilkins, National Radiological Protection Board, Chilton

D Sanderson, Scottish Universities Research and Reactor Centre, East Kilbride
British Nuclear Fuels plc

Scottish Nuclear

Scottish Office Environment Department

Ministry of Agriculture Fisheries and Foods

HTV

District Councils of Cunninghame, Kilmarnock, London, Kyle, Carrick

APPENDIX G - ITPH/IOKEHME G
DATA SOURCES - BIBLIOGRAPHY
HUCTOYHHUKU JAHHBIX - BUB/TMOTPA® U

Only data sources that have been used for producing the total caesium-137 deposition
values are referenced. Although some national contact points did send data (eg, Albania,
Bulgaria, Portugal) the type of measurements were not suitable for use in this atlas
Hcnons30Baauch TONBKO MCTOYHHUKH, NMPEACTaBAAIOLINE NaHHBIE HEMOCPENCTBEHHDIX
HM3MepPEeHMI 3arpsa3HeHUA MECTHOCTH Le3ueM-137.

HexoTopble HAMOHa/bHblE KOHTAKTHPYIOUIME OPraHM3al UK TPeACTaBU/IN JaHHBbIE
(nanpumep, Anbauus, Boarapus, ITopryraans), KOTOpble He MOT/IM GBITh MCIO/b30BAHBI
10 IPUYHHE OTCYTCTBUA HH(POPMALIMH O THIIE H3MEPEHHA.

Austria - ABcTpHsA

W Ambach, W Rehwald, M Blumthaler, H Eisner, P Brunner, “Vertical Dispersion of
Chernobyl-Fallout by Meltwater in a Temperate Alpine Glacier”, Geografia Fisica e
Dinamica Quaterniana 12, p. 151-153 (1989)

W Ambach, M Blumthaler, P Brunner, H Eisner, W Rehwald, “Aktivititsprofile des
Tschernobyl-Fallout auf Gletschern Tirols”, Polarforschung 59,1/2 p. 5-8 (1989) - in
German

Amt der Oberésterreichischen Landesregierung und Bundesministerium fiir Gesundheit,
Sport und Konsumentenschutz: Beweissicherung Kernkraftwerk Temelin, “Zwischenbericht
19927, Linz - in German

P Bossew, M Ditto, Th Falkner, E Henrich, K Kienzl, U Rappelsberger, “Cisiumbelastung
der Boden Osterreichs”, 2. Erweiterte Auflage, Monographien Band 60, Umweltbundesamt,
Wien (May 1989) - in German

P Bossew, A Wenisch, G. Mraz, “Untersuchung der radioaktiven Belastung durch die
Reaktorkatastrophe von Tschernobyl im Gebiet des Nationalparks Hohe Tauern. Bericht
des Okologieinstituts”, Wien (May 1989) - in German

P Bossew, “Radiologische Messungen im Gebiet der Koralpe (Steiermark/Kéirnten)”, Bericht
des Okologieinstituts, Wien, Dezember, (1991) - in German

P Bossew, G Mraz, E K Prinzenstein, O Schmoll, A Wenisch, “Untersuchung der
Bodenkontamination mit 137Cs durch den Reaktorunfall in Tschernobyl 1986 in bisher in
Osterreich noch nicht untersuchten Gebieten. Osterreichisches Okologieinstitut”, Studie im
Auftrag des Umweltministeriums, Wien (July 1992) - in German

M Gerzabek, S Algader, W Loibl, M Suda, “Erhebung der 137Cs-Bodenkontamination -
Erstellung einer Osterreichkarte”, Zwischenbericht an das Bundesministerium fiir
Gesundheit, Sport und Konsumentenschutz. Seibersdorf (1993) - in German

I Nemeth, E Lovranich, E Urbanich, P Zombori, A Andrasi, F Steger, “Calibration of a HP-
Germanium Detector for Rapid In-Situ Determination of Environmental Radioactivity”,
Report OFZS-4461, Seibersdorf (August 1988)

J Scherer, “Radioaktive Belastung von Boden in Vorarlberg”, Schriftenreihe Lebensraum
Vorarlberg, Bregenz, Band 18. Umweltinstitut Vorarlberg, (April 1994) - in German

F Steger, E Lovranich, E Urbanich, ] Kozuh-Schneeberger, S Streit, Ch Friedmann, A.
Hefner, F. Rust, W. Enzenberger, “Durchfithrung von Mef3fahrten in Osterreich zur
Feststellung und Bestimmung von Radioaktivitits-Depositionen nach Tschernobyl in
Gebieten mit erhdhter Belastung durch In-situ-Messungen mit einem HP-
Germaniumdetektor. Durchfiihrung einer Mef3fahrt zur Uberwachung der grenznahen
Region von Laa/Thaya durch Radigjod-, Plutonium-239(240)- und Strontium-90-
Immissionsmessungen”, Bericht des OFZS, Seibersdorf, Dezember 1988, im Auftrag des
Bundeskanzleramtes, Sektion VII (Strahlenschutz) - in German

F Steger, E Lovranich, E Urbanich, S Streit, ] Kozuh-Schneeberger, “Durchfiihrung von
MeBfahrten im Rahmen der Uberwachung grenznaher Regionen Osterreichs durch
Radiojod- und Aerosol-Immissionsmessungen, sowie Bodenuntersuchungen auf
Plutonium, Strontium und gammastrahlende Radionuklide”, Ergebnisbericht, Seibersdorf,
1990, im Auftrag des Bundeskanzleramtes, Sektion VII (Strahlenschutz) - in German

F Steger, K Miick, E Lovranich, E Urbanich, “Die Bestimmung der Abwascheffekte
radioaktiver Depositionen im urbanen Bereich durch "In situ-Messungen" mit einem HP-
Germaniumdetektor”, Ergebnisbericht, Seibersdorf, 1990, im Auftrag des
Bundeskanzleramtes, Sektion VII (Strahlenschutz) - in German

F Steger, E Lovranich, E Urbanich, S Streit, ] Kozuh-Schneeberger, “Durchfithrung von
MefRfahrten im Rahmen der Uberwachung auslindischer Kernkraftwerke in grenznahen
Regionen Osterreichs durch Radiojod- und Aerosol-Immissionsmessungen, sowie
Bodenuntersuchungen auf Plutonium, Strontium und gammastrahlende Radionuklide”,
Bericht OEFZS-A--2140, Seibersdorf, November 1991, im Auftrag des Bundesministeriums
fir Gesundheit, Sport und Konsumentenschutz (Strahlenschutz) - in German

A Wenisch, E K Prinzenstein, G Mraz, G Reisenbauer, I Besenbick, K Hirschmiiller, P
Bossew, “Erginzende Messungen der Bodenbelastung mit 137Cs durch den Reaktorunfall in
Tschernobyl 1986 in Osterreich”, Osterreichisches Okologieinstitut, Studie im Auftrag des
Umweltministeriums, Wien (June 1994) - in German

Belarus - Benapycn

See Russia.

11 Matveenko, personal communications
CM. «Poccusn».

H. U. MaTBeeHKo, THYHOE cooOl1ieHHue

Belgium - Bensrua
Studiecentrum voor Kernenergie, Mol, “A compendium of the measurements related to the
Chernobyl nuclear accident”, Report BLG-595, 124 pp. (January 1987)
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G Verduyn, Ministerie van Volksgezondheid en Leefmilieu, Instituut voor Hygiéne en
Epidemiologie, Brussel
personal communications

Croatia - XopBatus

D Cesar, Z Franic, G Marovic, ] Sencar; Institute for Medical Research and Occupational
Health, Department of Radiation Protection, Zagreb

personal communications

1 Valcic, Ministry of the Economy, Departement of Nuclear Safety, Zagreb
personal communications

Czech Republic - Yexusa
I Bucina, National Radiation Protection Institute, Prague
personal communications

Denmark - Jauus :

A Aarkrog, L Botter-Jensen, Chen Qing Jiang, H Dahlgaard, H Hansen, E Holm, B
Lauridsen, S P Nielsen and ] Sogaard-Hansen, “Environmental radioactivity in Denmark in
1986, Report RISOE-R-549, 272 pp. (November 1988)

Estonia - IcToHuA
E Realo, ] Jogi, R Koch and K Realo, “Areal and depth distribution of radiocaesium in
Estonian natural soils”, Pro. Estonian Acad. Sci. Ecol. 4, No 2, p. 45-55 (1994)

E Realo, Institute of Physics, Estonian Academy of Sciences, Tartu
personal communications

Finland - Pusnasgusa

H Arvela, M Markkanen and H Lemmeld, “Mobile Survey of environmental gamma
radiation and fall-out levels in Finland after the Chernobyl accident”, Radation Protection
Dosimety, Vol. 32 No. 3, p. 117-184 (1990)

France - ®panuusa

G Linden, Office de Protection contre les Rayonnements Ionisants, Le Vesinet, “Tableaux
mensuels des mesures de 'OPRI”

Office de Protection contre les Rayonnements Ionisants, 31 rue de I’Ecluse, B. P. 35, F-
78110 Le Vesinet

(Data transmitted to JRC-Ispra on diskette)

Germany - FepManusa

Bayerisches- Staatsministerium fiir Landesentwickelung und Umweltfragen, Miinchen,
“Auswirkungen des Unfalls im Kernkraftwerk Tschernobyl auf Bayern”, p. 35-69 (February
1987) - in German

I Gans, H Viertel and I Winkelmann, Institut fiir Wasser-, Boden- und Lufthygiene des
Bundesgesundheitsamtes, “Bodenkontamination in der Bundesrepublic Deutschland nach
dem Reaktorunfall in Tschernobyl im Jahr 1986”
(Data sent on diskette to JRC-Ispra on 25.01.89)

Kernforschungsanlage Jiillich GmbH - Abteilung Sicherheit und Strahlenschutz,
“Radioaktivititsmessungen nach dem Reaktorungliick Tschernobyl”, ASS Bericht nr. 0444,
68 pp. (1986) - in German

G Meurin, Bundesministerium fiir Umwelt, Naturschutz und Reaktorsicherheit, Bonn
personal communications

Rénsch, Bundesamt fiir Strahlenschutz, Berlin
personal communications

I Winkelmann, H-] Endrulat, S Fouasnon, P Gesewsky, R Haubelt, P Klopfer, H Kohler, R
Kohl, D Kucheida, M-K Miiller, H Schmidt, K Vogl, S Weimer, H Wildermuth, S Winkler,
E Wirth and S Wolff, Institut fiir Strahlenhygiene des BGS, “Ergebnisse van
Radioaktivitdtsmessungen nach dem Reaktorunfall in Tschernobyl”, Report ISH-HEFT99,
89 pp. (September 1986) - in German

M Winter, H Vélcke, ] Narrog, P Meier and K Kirchoff, Fachverband fiir Strahlenschutz
E.V., “Die radioaktivitit in der Bundesrepublic Deutschland und in der Schweiz nach dem
Reaktorunfall in Tschernobyl”, 74 pp. (October 1986) - in German

Greece - T'penus

Greek Atomic Energy Commission, Nuclear Research Center Demokritos, Athens, “The
consequences of the Chernobyl nuclear accident in Greece”, Report DEMO 86/4, 80 pp.
(July 1986) .

P Kritidis and E Papanicolaou, “Correlation of radioactive deposition and contamination of
vertain products with caesium after the Chernobyl accident”, Proc. Nation. Symp. “Impact
of the Chernobyl accident in Greece”, GAEC, Athens, 19-20 November 1987, p. 105-112

P Kritidis, H Florou and E Papanicolaou, “Delayed and late impact of the Chernobyl
accident on the Greek environment”, Radiation Protection Dosimetry Vol 30, No 3, p. 187-
190 (1990)

E Papanicolaou and P Kritidis, “Contamination of the agricultural land of Greece with
radioactive caesium and its effect on the growing crops”, Proc. Intern. Conf.
“Environmental Radioactivity in the Mediterranean Area”, Barcelona, 10-13 May 1988, p.
457-466

S E Simopoulos, National Technical University of Athens, “Soil sampling and Cs-137
analysis of the Chernobyl fallout in Greece”, Applied radiation and isotopes, Vol. 40, Nr. 7,
p. 607-613 (1989)

(Data fully published in report MPX-2 of NTUA - data transmitted to JRC-Ispra on diskette
by S. E. Simopoulos on April 21, 1989)

S E Simopoulos, National Technical University of Athens, Update of NTUA—89D1 data,
data transmitted to JRC-Ispra on diskette by S. E. Simopoulos on April 26, 1990

S E Simopoulos, National Technical University of Athens, data transmitted to JRC-Ispra on
diskette by S. E. Simopoulos on November 15, 1990

“The consequences of the Chernobyl nuclear accident in Greece”, DEMO 86/3G and
DEMO 86/4, July 1986

“The consequences of the Chernobyl nuclear accident in Greece”, DEMO 86/10G and
DEMO 86/9, December 1986

Hungary - Bearpus

A Andrasi, E Beleznay, S Deme, I Feher, L Koblinger, Gy Lancsarics, E Lang, M Loerinc, Gy.
Nagy, I Sagy, P P Szabo, G Tokai and P Zombory, Central Research Institute for Physics,
Budapest, “Monitoring the radiation consequences due to the disaster at the Chernobyl
nuclear facility from April 28 to June 12, 1986”, preliminary report KIFI-1986-49/K, 40 pp.
(1986)

T Biro, I Feher and L B Sztanyik, Hungarian Atomic Energy Commission, Budapest,
“Radiation consequences in Hungary of the Chernobyl accident”, 34 pp. (July 1986)

B Kanyar, University of Veszprem
personal communications

I Végviri and I Nikl, “In situ gamma spectrometry measurements in Hungary during the
period of 1987-1995”, Proc. IAEA-CN-63/179 International Conference One Decade after
the Chernobyl accident, Vienna (1996)

Ireland - Upmanpus

I R McAulay and D Moran, Physics Department, Trinity College, Dublin, “Radiocaesium
fallout in Ireland from the Chernobyl accident”, Journal of Radiological Protection, vol. 9
nr. 1, p. 29-32 (1989)

(Original data obtained by personal communication from I. R. McAulay)

D Pollard, Radiation Protection Institute of Ireland, Dublin
personal communications

T Ryan, “Nuclear Fallout in the Irish Terrestrial Environment”, Ph.D thesis submitted to
University College,
Dublin (1991)

Italy - Utanusa

F Caracciolo, ENEA-DISP, Roma, “A data bank for the Italian measurements after the
Chernobyl accident”

(Data transmitted to JRC-Ispra on tape in January 1988)

R Cazzaniga, G Dominici, A Malvicini and E Sangali, European Commission, Joint Research
Centre - Ispra, “Incidente nucleare di Cernobil aprile 1986 - ripercussioni sulla catena
alimentare e sull’'uomo”, Report EUR 11226 IT, 156 pp. (1987) - in Italian

C Giovanni and R Padovani, Azienda Ospedaliera S. Maria della Misericordia di rivievo
nazionale e di alta specializzazione, Udine
personal communicatios
~ _
S Piermattei, Agenzia Nazionale per la Protezione dell’Ambiente, Roma
personal communications

Latvia - JlarBua

G Matisone, Latvijas Republikas Satiksmes ministrija, Valsts Hidrometeorologijas Parvalde,
Riga

personal communications

Lithuania - IuTBa
A Daubaras, Environmental Protection Ministry of the Republic of Lithuania, Vilnius
personal communications

Luxemburg - /Irokcem6ypr
M Feider, Direction de la Santé, Division de la Radioprotection, Luxembourg
personal communications

Netherlands - Hupepnaupbi

RIVM Library, Bilthoven, “Door de CCRX verzamelde resultaten van metingen van de
radioaktieve verontreiniging van de biosfeer in Nederland 1986”, Report MR 88-01, 83 pp.
(December 1988) - in Dutch :

Norway - Hopserus

S Backe, H Bjerke, A L Rudjord and F Ugletveit, “Deposition of caesium in Norway after the
Chernobyl accident”, National Institute of Radiation Hygiene, report 1986:6 - in
Norwegian

Poland - ITonsia
] Jagielak, M Biernacka, ] Henschke, A Sosinska, M Baranowski and R Jankowski,
“Radiation Atlas of Poland”, Central Laboratory for Radiological Protection, Warsaw (1992)

J Henschke and M Biernacka, Central Laboratory for Radiological Protection, Warsaw
personal communications
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Portugal - ITopTyramusa

A. Ortins de Bettencourt, Direccao Geral do Ambiente, Departamento de Protecgio e
Seguranc¢a Radioldgica, Sacavém

personal communications

Romania - PymbIHusa

C Dovlete, Institute of Environmental & Engineering Research, Environmental
Radioactivity Laboratory, Bucharest

personal communications

Russia - Poccus
A A Abagyan, Yu A Izrael, L I Ilyin, V A Legasov et al., “Chernobyl NPP accident and its
consequences. Information presented by the Soviet experts to IAEA”, July 1986, Atomic-

Energy, Vol. 61, No 5, p. 301-320

Yu A Izrael, V A Vetrov, S M Vakulovsky, V N Petrov, F Ya Rovinsky and E D Stukin,
“Chernobyl: radioactive contamination of natural environments”, Leningrad:
Gidrometeoizdat, 296 pp.

Yu A Izrael, V N Petrov, S [ Avdyushin, N K Gasilina, F Ya Rovinsky, V A Vetrovand S M
Vakulovsky, “Radioactive contamination of natural environments in the zone of the
Chernobyl NPP”, Meteorolgy and Hydrology, No 2, p. 5-18, (1987)

“Data on caesium-137 and strontium-90 radioactive contamination of settlements in the
Rusian Soviet Federative Socialist Republic (June 1989), Moscow, Gidrometeoizdat, 56 pp.,
(1989)

Pravda, 1989, March 20th; Pravda 1990, April 17th - in Russian

Yu A Izrael, I M Nazarov, Sh D Fridman, S I Avdyushin, E V Kvasnikova, R S Kontarovich,
E V Imshennik and N M Shushurina, “Radiation situation on the territory of the European
part of CIS and Urals in 19917, Meteoroloy and Hydrology, No 11, p. 5-14, (1992) - in
Russian

Yu A Izrael, E V Kvasnikova, I M Nazarov and Sh D Fridman, “Global and regional
caesium-137 radioactive contamination of the European territory of the former USSR,
Meteoroloy and Hydrology, No 5, p. 5-9, (1994) - in Russian

E V Kvasnikova, E D Stukin, Sh D Fridman and N M Shushurina, “Primary radioecological
division into districts of the territories contaminated from the Chernobyl NPP accident”,
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Plate 62 Meteorology, 30 April and 1 May 1986 - Meteoponorus, 30 anpeis 1 1 maa 1986
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Plate 63 Meteorology, 4 and 5 May 1986 - Meteopornorus, 4 u 5 man 1986
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Plate 64 Meteorology, 8 and 9 May 1986 - Mereoponorus, 8 u 9 maa 1986
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Plate 65 Demographic and geographic features of Europe - [lemorpadmueckne u reorpadmueckne ocobennocrn Esponnr
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