SOURCES AND EFFECTS OF
IONIZING RADIATION

United Nations Scientific Committee on the
Effects of Atomic Radiation

UNSCEAR 2008

Report to the General Assembly
with Scientific Annexes

VOLUME I

UNITED NATIONS
New York, 2010

NOTE

1
The roport of the Comnmnitice withuul is annexes uppeurs ss Qfficial Reconds of e General
Assembly, Sixty-third Session, Supplement No. 46.

The designations employed sod the presentation of material in ibis publication do nol imply
the expression of any opioi hawsoever on the part of the Sccretriar of the United Nations

concecniag the legal statlus of sy country, lemilory, city or aren, of of ils unthorities, or concerning
the delimitation of ils frontiers or bommdaries.

The country names osed in this documem are, in most cases, those that were in use at 1he time the
data were collectad or the text prepared, In clher cases, however. the names have been updated,
where this wus poskible und approprinte, to reflect palitical changes.

UNITED NATIONS PUBLICATION
Soles No, B.10.XES
ISBN 978-92-1-142274-Q

232




Report of the United Nations Scientific Committee an the
Effects of Atomic Radiation to the General Assembly

Contents
] Foge
1 T I . e e L . S CROR 5 Ty o 1
Il Deliberations of The United Natians Scientiic Committee on the Effacts of Alomic Radietion &t
its fifty-siMh 8ESSION. . . ... . e L e . 1
Il Strstegic plan and programme of work of the Commes .. ..., ..o iee e 2
(78 T B = v ot 0 S G0 o 0 880 0 50 B SR e 5 o8, A U A S T e e 8 3
A, Sources of adiation exposure ......... ..., A s A (o o e e - S T e T 5
8. Chernobyl eccident. . ................. 15
C. EHecls on non-human biota 18
Appendices
I, Menbers of national delegations atlending ihe filieth to ffty-sixth sessions of the
Undted Natans Scientific Committee on the Etfects of Alomic Radiation, at which
the 2008 scientific report waselaborated . ... ........ii i i e 19
I Scientific staff and consultanta coaperating with the United Nations Scientific
Commillee on the Effecls of Atomic Radiation in (he preparation of the 2008
grienlific reporl of the COMIMILIEE . .. .., ..ttt iaia s e er e eemeemrn e s s enrreaaaneanan 20



I. INTRODUCTION

1. -Exposure (o tadiation has origins such as medical diag~
nostic and lherupeutic proeedores: nucleir weapons pro-
duction and Lesling: nutural background radiation; nuclear
electricily gencration; necidents such as the one at Cherno-
byl in 1986; and ocenpations (hat entail increased expasuce
10 artificial or naturally ocenmring sourees of radiation.

2. Since tho establishmeal of the Unijed Nadons Scienlifie
Cammittee on the Effects of Atomic Rodiation by General
Assembly resolution V13 (X) of 3 December 1953, (he nan-
date of the Cotnmitice has been to undertake broad reviews
of the sources of jonizing adialion and of e effeets ol that
radiation on human heaiib and the environment. In pur-
suit of its mendae, the Committer thoroughly reviews and
evaluates ploba) and regional exposures o radiation; and
it evaluates evidence of radintion-indeeed heolth effects in
exposed groups, including survivors of the stoinic boinbings

in Japao. Thw Commitee olsn revicows zdvances in de under-
standing ol the biologicu! mechanisms by which rudiaton-
induced eficets on health or on (he eavironmeat can oceur.
Those assessmenis provide the scientific foundation used,
inter alia, by the relevant ageocies of the United Nationk
systewn in formulsting international standands for protec-
tiun of the public and of workers against ionizing mdistion;!
those standards, in tumn, are linked 1o imponant legul und
regulatory inslrunenis.

UThe inlermational basic safely standards for protectiod againyt donizing
radiation and for the safety of ralistion sburces sre cumen(ly co-sponkoted
by the Internaliona! Labour Organization, the Paod dnd Agpleuhure Organl-
zation of 1he Undted Nations {FAQ). the World Health Organi tstion (WHO),
the Iniermational Atomic Energy Agency (IAEA). (e Mucledr Energy
Apercy of the Organization (or E peraion snd Develop
and the Pan Azaerican Health Orgnnwnlwn.

II. DELIBERATIONS OF THE UNITED NATIONS SCIENTIFIC COMMITTEE ON
THE EFFECTS OF ATOMIC RADIATION AT ITS FIFTY-SIXTH SESSION

3. The Committee held its fifty-sixth session i Yienna from
10 to 1% Jaly 20082 Norman Gentner {Canada), Wolfgang
Weiss (Gennany} and Mohamed A. Goinaa (Epypt) served
ws Chairman. Vice-Chuirmen and Rapporieur, respectively.
The Commiliee scrulinized and npproved for publication hive
scientific annexes that hod last been cansidered at its hifiy-
filth sessioo (21-25 May 2007), as reported Lo the Geneml
Asseinbly in the report of the Commiltee on that session.” As
previously reponted,® the Comnitiee had onginally plianned
that those documents would he published by 2005.

4. With regard Lo the report with scientifie nnnexes that it
had approved in 2006,° the Cammittee wus disappointed that

"The hfty-slaih session of the Commitiee was attended by members of the
Cormmltize and by the officlal conbaet pafows of Belarus, the Russlan Feder-
ation axd Ukraine, for malkers relared to e Chemalry] nocident; observers
far Belasug, Finlangd, Pokistan, the Republic of Kores, Spain and Uknting;
and observess (ot Lhe Usited Nutions Envirument Programme (UNEP),
WHO, 1AEA, Ihr. [nremational Agemy Tor Reum:h un Cancer, Lhe Euro-

pean i Lhe on Redliolagizal Protec-
tion, the Inremaliorid Cormitsion o, l:dhuun Units aral Measurements,
the L jonal Organizatioa for Suolendization and the [ t
Urdon of Radioecalogy.

*Oifficial Records af the Generni Asvembly, Sixty-second Seision. Supple-
went No. 46 (AIG2A46). para, 3,

Tbid., Fifty-sixrh Session, Supplemen) No, 46 (A/56/46). prra. 10.

Vitdd.. Sixty fiest Sexsion, Supplement No. 46 (AJG146]), parn, 2.

volune [ had not been publisbed umil July 2008 and that
volume 11 would lkely not be published before Decembrer
2048, bearing in nyind Lhat Member Stoles and some organi-
zafions® celied on the iuformation comained in that repon. {0
which 1he Commitive mernbers bad contributed invalmable
experlise. It was observed thaf the delays were fraceable in
part 1o inudequate stalfing and (o a Iack of snfificient, assured
and predictable funding.

5. ‘Ihe Commitice naied thal the General Assembly, ie
its resnlmion 627100 of 17 December 2007, had ippealed
to he Secretary-General lo take approprise adiministrative
mearures 50 thar Lhe secretariat could adegnalely service (he
Commiltee in a prediciable and sustainable manner, and had

AAL Jtx Gfty-Tirst cepatlac sasssion, the IAEA General (.‘onfueuu.- n i naso-
lution GC(S) YRES/L1, enitded “ M o cugp-
egation in huciear, rmdiaton and trancpont safely nnd SPasts MAnagemenl”,
moled that the LARA Secretarial ba comrenced revision of e Inteona-
lional Basic Salety Smndands for Protection sgzinst loniring Radiaticn
and the Safety of Radiotion Bources wilh Lhe parilcfpation of co spoasats;
noted Lhe report of the United Natloms Scieadfic Committee on the Effects
af Alomic Radlalion on il Gy-founh session (Oficial Records of fhe
Gengral Assembly, Sixeyfirst Sesslon. Supplement Ne. 40 {A/61/46)); and
arged the LAEA Secreiarial i considier carefully and Lo justily arry poieniial
changes to the Dasic Safery Standarda, eqsuring consisteacy with, nier alin,
Lhe Comimitlee's report.
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requested the Sccretary-Genersl Lo provide a comprehonsive
und consotidated repont o the Assembly ot its sixty-Lhird
sessian, to be prepored in conrulugion with the Commites
as eppropriate, addressing the § fal and admindsirative
implications of increased Commiltee membership, staffing of
the profesaional secretarial and methods to cnsure suflicient,

assured and predictable funding. The scemariat was requested
1o fucilitare (e inclusion in the Secroiary-General's nepont of
1he ¥iews of the Comunitce on thase marters.

6, The Commiltes decided to hold its filty-sevenil session
in Vienna from 25 10 29 May 2009.

Ul. STRATEGIC PLAN AND PROGRAMME OF WORK OF THE COMMITTEE

7. The Committee had developed 4 strategic plan’ {1 pro-
vide visiun and direction for, all ils sctivities during the
period 2009-2013, 10 faeilitie result-based progromining
bry the secretariat, (o help fosier management of sufficient,
assured s predistable resources and o improve planming
and ¢oordination among the various parties involyed.

8. ‘The Commiltee considercd that ila strategic ohjective
fior the period was 10 incresse awareness uod deepen under-

standing mnong autharities, the scientific community and

civil society with regand to levels of ionizing radiation and
the celated health and envicamnenual effccts as a sound basis
for informed decisinn-making on radiation-rclated iqsues.

9. 1L was establisleed thol tlee ematic priorilics forthe period

would be radical veposures of patienls, rdiadon Jevels and -

elfcels of cnerpy pr<iiiion, exposwre 1o powrpl sources of
rudistion ond improved understandivg of e effects frum
low-dose-rate mdition exposure.

10.  Several sicategic shifts were envisaged in onder (o better
meet the needs of Meenber Staies, including: (a2} srreanilining
the Commitiee’s rcientific evaluation process hy preparing
shurl yol wide-runging summary repovis every 4-3 years ul
the levels and effects of radiation exposuie and preparing spe-
vinl reports Wl respond to cinerging issues us the need rises;
and establishing standing expen proups to mainiain surveil-
lanee on enierging issues and netwarks of ceutres of excel-
lerwe to help implement the strategic plan; {b) enhancing
mechanisms for dala collection, analysis urd dissemination;
(c) imprrving mesult-bused planming. incleding fviproving

! Avnilable on reqoest from. the Secretary of the Comundice.

coundinalion wilh oilier sinkeholders o develop areas of syn-
ergy and avaid inconsistencies; and (i) mising awaneness and
improving oufreach by crhancing the website of the Con-

mittee apd disseminating fndirgs in resdity understandable

furmints to decision inakers and the public.

{1. It was pssumed thal, in order 10 impleinent the: strutegic
plan. intersessimmal work by the Committee would inercase
and action would have to be taken (o sddress botl the convem
of the Commirice that reliimee on a single Professional-level
post in its seeretarial had Jefl the Commniliee seriowsty vul-
neruble and had hampered the efficient implementation of
its approved programme of work, and methods to cosure
walficient, asgured and predietwble fanding, as requested in
General Asseinbly resolution 62/104.

12, Tor jts fuwre pogmmine of work, the Commilice
decided to initiale work immediotely on assessments of
levels of radiation [rom energy production and tre ctfecls
on Jwanan health and the evironment: uncemaimy in radia-
tion risk estimation: atwitwlability of health effects due to
radiation exposure {ir response to paragraph 6 of General
Assembly resolution 62/100); updating its methodology for
estkinaling exposune: due 1o discharges from noclear instal-
Tations; n sunmary of radiation effocls; and improving dota
collection, analysis and dissemimation. Depending on the
ovailabiliiy of resuurces, other work might be undenaken
on the biologicul effects of key interun] cmitlers, medical
exposures uf putients, enhanced exposures (0 natural suurces
of rdiution due 1o human activities, public information and
develapment of a knowledge base on rudiation levels and
elleets. The Commistes aulborized the secretwiar (o take
uppropriute action W implement the strategic plan and future
programme of work.



IV. SCIENTIFIC REPORT

13. The scienlifie report and ils annexes were elabarated from the fiRieth to the fifty-sixth sessions of the Commitice on the
hasis of documents submined by the kecretarial. Serving as Chairinan, Vice-Chairman nnd Rapporteur at those wessinns were:

Session Chairman

Fiftietly 1. Lipszicin (Beuzil}
Fifty-fiest J. Lipsziein (Bruzil)
Filly-second Y. Sasaki (Japan)

Fifty-third Y. Sasuki (Japar}
Ffty-Tourth P. Burny (Australia)
Filty-Afib L Bums (Ausiralia)
Fifty-tixth . Gentner (Canada)

14. ‘The namezs af the mwember: of natonal delegatious
who attended those sessions are listed in appendix 1. The
Commiltee wishes to acknowledge (be coatilution of
the represenatives of specialized ageacies of the United
Natiung gysiemn and other organizztions o the discussion.
The Commitice also wislics to recognize a swall group of
comaubiants who helped prapare the material (see appendix
11). They were vesponsible fur the preliminacy assessment of
{he relevant technical tnfonoation, an which rested the final
deliberations of the Comnitee.

15. In coaducting its work. the Conuittee applicd scien-
tific judgement to tre material it reviewed and 100k care 1o
assonte an jodependet and neutral position in reaching s
conelusiuns. Following established practice, the findings arc
presented in the preseni reporl. The supporting scientific
aunexes are aimed at the soientific voimmunity end will be
issued scpararely as a United Natinns sales publication.

Overview

16. ¥or as long os they have heen on tho planet, hunany
have been exposed fu ivizing radiation lrom natural
sources, olthough exposure may be modified by human
activily. In addition, new, arificial sources of cxposure bave
developed over ihe past century or 0. The Comimitee last
inade estimates of mdiation exposure levels and wends in its
2000 report. The present repord updates and cxlends those
wstitnates; table | summarizes the updated values for average
unnual doses und rungas of expoesure from all sources.”

*Offfclal Hecorls of the Gencnal Assembiy, Fifty-Jifth Sessior, Supplement
No. 46 (ALSALE). ;
*$ee paragruph 36 befow for a dircussion of tho chneepl of radiation dose.

Rapporteur

R. Chaverjee (Canada)
R. Chattesjee {Canada)
P. Bum (Awslralia)
M. Gentner (Canada}
C. Streffer (Gennany)
W. Weliss (Gennany)
M. Gomaa (Egypt)

Vice-Chairman

Y. Sasaki {Jopan)

¥, Sasaki (Jupanj

R. Chntterjee (Canada)
P. Bumns (Aukoalia)

. Gentner (Caunda)
N. Geotner {Canacla)
W. Weiss (Germany)

17. The main nutwrul sources of expusure are cosmic radia-
tion and natural redionuclides found in the sofl md in rocks.
Coamic radialion is signifieant]y higher at the cruising alti-
tndes of fet airofl then on the Earth's surface, HExtemnal
cxposurt ratey duc w natursl radionoclides vary eonsiderably
froin pluce to place, and can mage up 1o 100 lunes the aver
age, An impnrtant cadionuelide is radon, a gas that is formed
during the decay of naturul uranivm in e sotl and (hal seegs
inlo hewnes, Exposures due (o inbalation of radon by poople
living and workiug indoors vary drawnatically depending on
the [ocal geology, building construction and household kife-
styles; this mode of expoyure scamunts for abouk half ol the
average hnman exposure b natural dources.

18. The Cammiltee evitlnated ihe additional rdiation expo-
sutes introduced by military and pesceful activities. Nuclear
test explosions in (he atmusphere had been contducted’
a yumber of sites, mosdy in the northem hemisphere, e
most active testing beiag in the periods [952-1958 and
1961-1%62. The rdicuctive fallow from ihose tests rep-
resents a source of continuing exposwre cven ioday, alheit
al very law levels. There is concern cepirding the return of
residen(s 1@ nuclear test arcay, hecanse radioactive residue
levels are considernble g1 some sites. People lving near siles
where nuclear matenials and weapons had heen produced are
also cxposed to radistion. Mililury use of depleted uraniom,
expecially in armiour-piercing munifioms, has raised concerns
nbour residiial contamination; however, tadiation oxposnres
are gencrally oegligible.

19, With regand to the peaceful uses of diation, medical
expustres were by far the dominant form. Medical expusure
is almost always volunlury and provides a direct benefit to the
exposed individual, Terespective of the level of health care in a
conntry, the iedical uses of 1adiatiou continue to increase as
techniques develop and bocoms more widely disseminated;
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about 3.6 billion radiological exwninaions e exndncted
worldwide eyery year. [n counirics with high levels of healih

care, exposure (rm inedical uses js on averape npw egual o
sbout 80 per cenl of thet {rom uahan] sources.

Tabie 1. Annual averege doses and ranges of mdividual doses of ioafzing radiation by sourca
{Millisigverts)
Sowee or muds Anusal searage Typical range of ; Commanty
dosy fworidwide) il dosas
Nalurl sourcan of exposure i i

Inhalation {raden gas| 1.8 82-10 The dasé i much higher n some dwelings.

Brtemat Ienastial 043 031 The dasa i higirir in eome kcations,

Ingexinn 0 221

Cosmie it ‘ ) 03 “Th ds increasen wilh altide.

Total patmral 24 1-13 Bizeshle poputation grosps receive 10-20 milliaiaverts
g,

Artifivial soumes of equisire

Medical diagnessy (nat therapy) 08 D-zeveral Teng Tha ervetages for diffemnt levels of heafth care range trom
€03 to 2.0 mSv; evarages for eome coumtrfes 2re highet
Hean that due 1o rats! sources; indvidual doses depand on
e el mHGatons.

Atmosphexic fuchar Betng D.0da5 Soma higher doses armmd tasl Tha average has lallan from 8 peak ef L1} mSy i 1360

. Stes 2iW oeeur,

Oecupations! axpisuta 0 ~020 The ewbrage do=e o Al workers is 0.7 mSy. &osl of the
averane dooe amd ruat Hgh exposurss are dua Lo natural
rardation {specifcalty rdon in mines).

Chacnotryl accidet o0k In 1386, the avorsge dose in The avetage in the novihem hemisphers s decreased Eom

marg tran 300,600 moovery & maxamim of 0.04 mSv in 1866,
workars was mearly 150 m&y, Thyroa tipses were much fgher.
and miora than 350,000 other
ndhridhats recetved donaa (repier
than 10 mSv.
Nuciesr fuel ovcla [pubdic axpasiss) 5.000 2 Dozes 2m up 1o 0.02 mSy for
exitical groups-at 1 km frem some
useat reactor sfes,

Totul adtificial 0.5 From essentiaBy Ters 10 Individual doses depend primeriy on medicat 17eat-

5 several tens e, OCTHp I amd imity ta €52 ar
accidem sites.

2y ol meamysmant of gtieotive dows.

b Globaty disparsed rediomaclides: The wzius for the nutiesr Tus cych Epresents the i par capu sl dose o 1he pubke in the fulre, aasuming the practice coafimes
For 100 years, and derivess mainty (rem globeity disirersed, long-ivad rdioniclides reessed during reprotessing of rucisar fiel amt nwlear powes pler opsation.

20. fhe gevemtion of clechical encrgy by nuclear power
Planits hos grown steadlly since 1956, The noclear Tuel cycle
inciudes the mining and millivg of vrunium orex feel talmi-
calion; production of energy i the nuclear reactor; storage
or reprocessing of irndialed [uel; and the sweage and dis-
posal of radioactive wastes. The doses (o which the public is
exposed vary widely from one type of installauion lo unother,
Dbut they are generlly smmall aud they decrease markedly the
further the distance from the facility. Doses from wuclear
power reaciory to local and regional populations decrease
aver lime because of Jower discharge levels,

21, In the ures of oceupational exposure, atiention had tra-
ditionally focuredd on-antificial zources of radiation; however,
it i¥ now recognized that a very large number ol waoskers are
expased 1o najural sonrces. Oocupational expasuncs at corm-
meycinl nnclear power planis have been falling sieadily over
the past three decades, albeit with significant differences
bretween reactor types. Estimales for exposure related o
(he nuclear fuel cycle are gencrally more robust and cutn-
prelensive than for othee uses of radiation. By commst, the
monttoring and reporting of occupational cxposures in the
medical nnd industtial sectars is less comprehensive. While
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the average dose 1o workers in all occupational groups has
dropped subslantiolly over the pastiwo decades, occupalional
expnsures fram natural radiation sources have changed lite.

22, A small number of uccidents have oceurred i nssn-
ciation with the unclear fuel cycle and have attracicd wide-
spread publieily. However, more than 100 acctdents have
occurred with industrial and medical sources, especially in
seutings temmed “orphaned” (i.c. ontside regulaiory control),
ind thore accklenls have caused injury 1w workers and the
public. Accidents can also occur during uredical uses of fudi-
alivn, usually involving Iwmai or machine error in mdio-
therapy. While i1 is known that accidenss invalving orphan
sources and medical uses of radiation have becume more
frequent, the current [rgures are Likely W be underesiimales,
and possibly significantly so, because of underrcporing.

23. The vecident at the Chernohyl nuclear power plant in
1986 was the most scvere such accident in the hisory of
civilian nuclear power. Two workers died in the immediate
altermutb. tind 134 plant stafl’ and cancrgency personnel suf-
fered acute radintion syndrone, which proved futal for 28 of
them. Scverul hundred thoosand workers were subsequently
invelved in recovery eperalions. Amoog Lhe persons ex poscd
to the highest mdiarian doses in 1986 and 1987, there are
some repons of increased incideuce of leuksemia and of
calaracts; here is no other consistent cvidence to e of
other radiation-related healih effects. The radicactive clond
created by the accident deposited substunii:d amounts of
radioactive matecial over large arvas of the former Sovict
Uision and ocher parts of Europe, conlaminating land, water
and bioa and causiog pardcularly serious social and eco-
uoemic disruption ta large segments of the popolation in the
counltics known luday as Belanus, the Russing Federation
and Ukraine. Among the peaple who were children or ado-
Jescenis in 1986 ie affected areas of the fonmer Soviet Union,
nore thag 6,000 cases of thyroid cancer have bien nepoted
(to date only a small number ol thern Tatal), of which u sub-
slantial portion could be atiributed ro drinking milk convaml-
nated with the shon-lived radionuclide iodine-130. In the
Tonger lerin. the general population to was expused 10 radi-
ution {(of 1he low-level chrunic (ype) but (here has been no
consislent evidence yet of any other radiation-relaied health
effects in the gencral population,

24, Inits {996 scientific report, the Cominillee cvaluated
the rates of expusure belaw which cffects on populutions
of species nther than huians were unlikely. The Commit-
lec has since revicwed the upprouches o evaluating rodi-
atlon doses Lo species ather than humans, together with
ncw acienlific information on the radiobiological eflects
on plauts ang animals (in panicular information from the
continuing follow-up af the environmentol consequenees
uf the Chernobyk accident). Thar review has revealed no
evidence (v suppart changing the conclusions of the 1996
report agcording o which no effects are expected ot chronic
dose rates below (.1 milligrays per hour or ot acute doses

_below t gray 1o the most highly exposed individuals in the
exposcd population.

A. Sources of radiation exposure

25. All matler is made up of atoins. Some atoms are
nalurally stable, cthers are vnstoble. Radioaclivily is a
nilural phenomenon that oceurs when an ntoin with ap
unstable nucleus spontancously transforms, releasing
encegy in the form of ionizing radiation, These unstable
elemcnis are known as mdionuclides and ihey are radio-
active. The releasod radinlion may take the form of pac-
ticler (including electrons, newtronk aud ulphu particles)
or of dlectromagnetic gmema radiation or X-roys, all
with different smounts of encrgy. Radiation can alse be
penerated artificially by mathines.

26. When ionizing rudiation passes through matler, includ-
Tng living Lissue, it deposits cnergy thut ultimately produces
ionization and excitation in the inatter. The mnount of energy
deposited divided hy the mass of lissue exposed is called
the ahsorbed dose and is usually incasurcd in units known
a5 milligrays. The biological damage cassed by nxlialion
is related 1o the amoont of energy deposiled. However, o
exstimate The potential biological effect, allowance is made
for the fact that different kinds of radiation bave different
biplogical effects for the same unvunt of enenry deposited
and the [acr that tissues also reuct diffecently. A weighted
yuintity colled e eifective dose is used in madiation pro-
tcetion, and is the most commonly used indicator of the
poteniial biolopical efects asseciuted with exposure to jon-
izing mdiation in huarans. The effective dose (here simply
*dose”) is usually expressed in mnillisicverts (mSv), The total
expostre of o gruup of people to radialiun is calied the vol-
Tective dose nnd is expressed in man-sieverts (man Sv). As
a reference for suhsequenl comparisons, the annual glohal
averape per caput dose [rom naludl backgrennd radiatio is
2.4 mSv, while the comesponding annuid collective dose to
the globol pupulation from natural tackground radiation is
about [6 millivn man Sv,

1. Nabmal sources

27. Por most individuals, cxposure to nalural hackground
radiation is tre largest cowponent of their wiat radialion
exposure. Althongh rbe gources of radiution are nasural,
cxpusurcs arc alfected by hurnan uctivity, of which the sin-
plest cxanple is living in o house. Beilding materials pro-
vide shielding upainst rwdiaton from the ground buv may
themselves conlain radiomiclides that increase expusure.
In addition, huildings may ip nslon ges and thus increase
expasures vis-3-vis those accorring b the open air,

28.. Cosmic radiation (i.e. radiation originating in outer
space) is significanlly attenuzied by the Eanth's aimosphere.
At sea level it contributes about 15 per cent of the (ot dose
from naturel ediation spurees; however, ut higher oltitades
and especially in outer space, it is the dominam radiation
source, Al cruising allitudes of commercial aircmit, she
average dose rales are 0.003-0.008 m8v per hour, some two
orders of magniude bigher than at sea level.
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29, Everything iu and on the Earth conuing mdienuclides.
The sv-cnlled primurdia) mwdivnuclides found in de ground
(potassium~40, uranivn-238 and thorium-232), together
with the rudionuclides inlo which they decay, emit radiation.
Estimates of external exposure™ vary considesahly frow onc

¥ Extemnal exp in eaps [ that origi fom suplde
Lhe body, wheress mtemal expy id exp o radigtion (kat L
from cadivactive malerial ingide the body.

lotation to anuther. Some specilic locations have such high
comcenlrations of these rudionuelides it the dose rales inuy
be 14} times the global averape value. These radionuelides
wnd seme formed by the fieraction of cokinic rays witl the
Earth's atmosphere are also prescol in food and drink and
s0 become incarporated futo the body, Environmental con-
ecntmtions of nalural radiotuclides are highly variable (see
figure I)..Most of the dose from such internal exposure’ is
due to potassiuni-40,

Figure |. Variability of natural uranium raticas observed in drinking water
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A, Owe radionuclide produced from the wranium-238
decay series s rudon-222 (or simply “radon”). This gas is
o normal constitgent of soil gas and seeps into buildings.
Whea rudon is inhaled, sooe of ity short-lived decey prod-
ucls are retsined io the lungs und imadiale cells in the respi-
ratory tract, Radon levels vary dranvatically depending on
the nndeslying local geology and other factors such as the
peameability of the soil, constroetion of the buikling. climaze
und household Jifestyles. Very extensive megsurement peu-
granimes huve been conducied oud have fonmed the hasis for
implenucotiog, measures to educe indoor sadon Soncenta-
tions. Radon aceounts for about half of the average exposure
to natural sources of mdiation.

3[. The estimites of annoal uverage and individual dases
of jonizing radistior from exposure to all natural rdiatiosn
sourees ans shown above inlable 1.

2. Artificial sources
{a] Exposures frum militery aclivitis

32. Muclear test explosions in (he atmoaphere were con-
ducted 2t a number of sites, mostly in the northern hemi-
sphere, beiween (945 and 1980, the most aclive lesting
being in the perigds 1952-1938 and 1961-19G2. In all,
502 1ests were conducied. with a toral vield of 434 mega-
tens of irinitrelotuene (TNT) equivalent. The estimuted
annual per capul eflective dose of lonizing radistion due
o glohal falloul from aimaspheric nuclear weapons Lest-
ing was highest in 1963, at (.11 mSv, and subsequently
feH to its present level of ahout 9.005 mSv (see Ggure 1I).
This source of exposure will decline only very slowly in
the [uture as most of it is now due to the Ioug-lived radio-
nuclide carbon-14.
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Figura ll. Eztimated apmsml per caput etfective dosa of iunizing radiation worltwide brom atomic bomb tests, 1945-2005
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33. People living near tes( siles were also exposed to local
fallout. Because the siles and the characteristics of the nests
differed substandally. doses can only be estimated separately
altor very detailed studies al cach site. Many of those studics
were curried out in the late 1990s and the early yeaors of the
presant decade and are siill coutinuing. £t s clenr (hat some
people living near the siles at the time of tesling receped
very large doses. Presently there is cencem regarding the
return to pse of nuckear test aneas, sinve udioactive residue
in Rome envi may he considerible.

M. From 1962 1 1990, following the signature of the
1963 Treaty Banning Nuclear Weapon Texts in the Ahnos-
phere, in Ouier Space and under Water,™ typically up to 50
ar more explasians wene conducted underground aimmally: a
tew tesw were also conducted afler that. Most underground
tests had o much lower yield thay atmospheric tesls, and any
radicactive detwis was usually contained uiless gases wee
vented or leaked inlo lbe atmasphere. The tests generted a
very large quantity of mudionctive residue, Duk that residue is
nel expected Lo expose the public to mdiation because it is
located deep onderground and essenlially is fosed wilh ihe
host rock.

35 In addition 1o the weapons tests theinselves, the
installutions where uoclear maderials were produced ond
nuckear weapons were punufactured were mother source
of radionuclide rolcases leading 10 radiation exposure of
local populations.

36. A by-product of araniorn enrichment is depleted ura-
mium, which is lcss radioactive than natursl sranium. Its

"1 Jmited Nativeis, Froaty Series, wal, 480, No. 5964,

chemical toxicily is its most hazardous property. Except
tor 8 lew specilic scenarios (such 8s long-term handling),
rudiation exposurcs should be negligible,

-

b} Exposures from peaceful sclivitios

it Radiation exposures of patient

7. The cxposare of pulients to jonizing radiation relates
10 diagnostic radiology. nuclear wnedicine and cadiotherapy.
The Commitice conducled a survey ol medical exposures
for lie peried 1997-2(H7, Then: are some limitations on
the survey dat. with the majority of the respomses being
received from relatively more developed countrica, Bxplicit
conrparison of dosea resdlting fmom nedicul expesures will
those Mmom other sources i3 inappropriate, ay patients receive
a direct benafit from their ¢xpesure and, moreover, they may
be sick or older thun the genernl pupulation. In fact, increas-

ing medical expasure is likely axsociated with increased -

health benefits (o the populatiou.

Diagnostic medical exposures

38. Since the previons survey (covering the period 1991~
1994), (he total nurober of dingnoatic medicil examinations
{both medical and dental) is esrimated to have cisen From
2.4 billion to 3.6 billicn—an increase of approximalely
50 per cent. As in preyipus reports of the Commitee, data
are grouped according o & couury’s health -eure level (1,
I[. M or 1¥—| being the highesi. IV the lowesl-—hased
on the muniber of physicians per population). Figure 11
shows, [or the period 1997.2007, the annual frequency of
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maedical X-ray examinntions by health-care level. As can
be seen from the figure, such examinations were over 6%
times more frequent in level 1 conntries (which accounl for
24 per cent of the globnl population) than jn fevel I und

Figure Iil, Average annual freg y of diagnosti dk

1400

1200

g

FREQUENCY

{per 1 000 poputaticn]
o|m
2

IV ecuntries (which account for 27 per cent of the global
population}. The wide imbalance in heallbcan: provision
iz also reflected in the availability of X-ray equipment and
of physicians.

! and dental X-ray examinations, by health-care level, 19972007
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3Y. Tuble 2 shows the trend in the use of diagnostic radiolugy and the associoled cxposures,
Table 2. Trend in radiation exposura fram diagnostic radiology
Har o Commirtns rapeit in wisch Aumber of grammatinns fouins) Colloctive affortivg dass jman Sv) Ashural per capet disa (mSv)
StevEy ot e alysed
1983 ' 1380 1 800 070 0.35
(] 1600 1500000 03
w0 1010 2200000 04
2008 2100 4000000 06

40, As pant of that (rend, new, high-dose X-ruy technology
(padticolarly computed tomapraphy scanning) is causing
exfremely apid growih in the ennuul number of procedures
performied in many countries and, by extension, a narkad
increase in collective doses. For several countries, this has
resulted, for the first ime in hislory; in a situation where the
atnnnl collective and per capul doses of jonizing Tatiation

due to diagnostie radiology have exceeded those from the

pruviously larpest source (motural background radiation).

4]1. Sinee the last survey analysed by the Commitiee,
the otal collective effective dose fram medical diagnostic
exaninationy is estimated to live increased by 1.7 million
man Sy, risiog from about 2.Y million te about 4 million
i $v, an increase of approximately 70 per cent. Figure IV
shows, for ihe pericd 19972007, the annugl averape per
cnput effective dose of radintion by bealti-core level and for
the global papulation due o diagnostic medical and dental
X-ray examinations.
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Figura IV, Annual average per caput effective dose of innizing radiation due tu-diagnoslic madical and dental X-ray

examinations, by health-care (evel, 1997-2007
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Nucloar meditine

42, Anestimated 32.7 million diagnestic nuclear medicine
cxaminaiipns arc presently performed anuuslly worldwide,
which represents wu increase of (.2 million examinations
per year or under | per cent since the (9911996 survey.
Over that same period, the collective effective dose due

1o wmrcleur medicine exarninations rose from 150,000 10
202.000 man Sv, represenling an increase of 52,000 man Sv
oraboul 35 per cent. Peaple living inhealth-care level 1coun-
tries pecount for about 90 per cent of all nuclear medicine
exantnations. Figure V presents, for the peed 19972007,
a stmnary of e annuul frequency of diagmostic nuclear
medizine examinations by health-care level.

Figure V. Annual frequency of diagnestic nuclear medicine axaminations, by health-care leve!, 1997-2007
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43. The estimated nunber of diagnostic noglear medicine
examinations cobducted annually has grown over the past

three sorvey periods (19551990, 1991-1996 and 1997-
2007), as shown in ligure VL. E

Figure VI.  Estimated number of diagnostic nuclear medicine examinations conducied annually, 19851990, 1991-1996 and

1997-2007
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Radiation therapy 70 per cent of all radiotherapy weatments. An estimaied

44, listimated annual data on the most common types
of radiotherapy Lreatment during the period 1997-2007
are shown for each health-care lovel in table 3. As
can be secn, the level 1 countries sccounted For about

5.1 millivn courses of radivtherapy trealment werc
adwministered anbually between 1997 and 2007, up from
an estimated 4,3 million i 1988. Alraut 4.7 million of
those (reatments involved telctherapy and 0.4 miilion
brachytherapy.

Tahle 3. Estimated annual data on radivtherapy trestments? worldwide, 1997-2007

Heatir-care ioval Popudatian Teothoragy Brachtharaal! 24l mcatherapy reatments
im0}
Tmrimsois
per Doy Amin(s par
each year 1 008 popuiaion ach yoar 1600 popudstion each poar 1002 popiiation
[maians] {riliaa) {mitons) -
| 154 as 22 018 01z 38 24
] 3153 12 04 02 005 54 a4
0 1 009 0.06 0.06 {<0.05P [<u01f ¢ 0.06
v ] fulic)d {<0.01F |<0.00° (D005} fompe jooE
warkd 6444 a7 [i%:} 04 oer 51 08

Soume: Commitiee survay on medics] mdiation usage and exporues, 1097-2007.
2 Compleie cowses of meatmen,

b Exchuding trratments with radiopharmaceulieala,

€ Assumed valua in the absence of data.

¢ Global data includs sevaral countries nat represented by levels HY.
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Summary

45. Tahle 4 izes the ¢ aanual c
elective dose ol ionizing radiulion due to medival exposures

for the period 1997-2007. Almost 75 per cent of the world-
wide collective effective dose due (o neditn] exposures is
accounted for by healih-care level [ conntries (thoye that are
relatively more developed).

Table 4. Estimated annual collective effective dose of ionizing radiatien due to madical exposures, 1997-2007
(Totals may nok edd pregisely because of rounding)
Heafth-vara fevel Fopulation Sowrs of ssporwe ’ Fotal
{miffons = r {mon 54)
Diagnastic medical Dental X-ray Noekar medcre
axaTRRElan: fmed Sef rbons fman Sv) jratons fman Se

| 1530 2500 0 [:X:1) 4 166 000 3100000
I 1183 1000 000 130 16 000 1000 000
m BT 33000 81 2 33000
N 744 24 pon 18 o ! 24000
Worid 6445 4400 000 H oo 202 000 470000

46, Medical exposure romains by far the lacges! artificial
source of cxposure Lo ionizing radiation and comlinues o
grow at a remarkablz mte. Medical exposures account for
Y8 per cent of the contribuation Mrom all anificial seurces and
are 10w the second Ingrest coutribiuiur to the popalation dose
worldwide, reprisenting upproximately 20 per cent of the
total. About 3.6 billien medicul mdliation procedures werne
perfonned annually doring the survey period, compared with

2.5 tiillion in the previons survey peciod; that i3 an increase of
1.1 billion proeeduces, ar over 40 per ceat, in the last decnde.
The toda) annual eollective effective dose due to medical
exposares {excluding radivtherapy) stood ai opproximately
4.2 milliun man Sy, an incrense of 1.7 million man Sv (or
Jjust over 65 per cent) gver the previous peciod. The distribu~
Livn of medical procedures and of doses is markedly naeven
among CoUnTTy gronps (see figure V1I).

Figure V1|. Total anoual collective effective dexe of radiation due te medical expnsures |excluding radiotherapy}
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{ii) Radiation exposures of the ganaral public

47. The genmeration of electrical energy by nuclear
power plants has grown slendily since the indusiry began
in 1956. Despite e ncrease in the decommissioning of
older reactors, electrical energy preduction from noclear

sources continues to grow (sec figore VII1). The noclear |

foel cycle bas the following stages: mining and milling

of uranium ore aud its conversion to aoclear fucl; fabri-
eation of fuel clewnents; production of energy in o nuclear
power plant; storage or reprocessing of irradinted fuoel;
transport between the variaus slages; and Lhe storage and
disposal of radicactive wasles. The doses of jonizing
radiation to exposed individugls vary widely from one
iype of facility 10 anuther, hetween differcut locations
and over limc.

Figora VHl. installed noclear alectricity-g ing capacity worldwids, 1970-2005
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48, Ursniom mining wid nilling produces’ sabstantial
yuanlities of residues in the funn of mdlings. Until 2003, the
total waorld production of uraninm was about 2 million [onnes
while the eesultant railings totalled over 2 billion tonnas.
Current tailing piles are well maintainad, but many old,
abandoned sites exist and only a few have been remedi-
aled. The Commirtee estimates the current annual eollective
dose of ivnizing rudiation to local apd regional population
groups wound mive and mill sites and miling piles at about
5060 man Sv, similar o ils previuus cstimules,

49, Mozl power reaciors are of 1he light-waler moderaled
and cooled type, although other designs are used in some
counteies. The averape anus! collective dose of ionizing
mdiation to local and regional population groups (combined)
duc Ly environinentul releases frona reactors is now estimated
1o be 75 man Sv. This is lower than previous estimates.

50. In the nuclear fued cycle, spent fuel is reprocessed ta
regover wanium and pluwnium for reuse i reactors. Moast
spent fuel is retained in intetim storage bul about coe thind
of thai so far produced has been repricessed. The estimate
of \he annval collective duse of ionizing radiation due to
reprocessing is still in the range of 20-30 man Sv.

51, The low-leve] and some of the intermediate-level waste
from fuel eycle aperations is currenily disposiad of in near-
surtace facilities, although waste was sometimes dmped at
sea in the past; Both. the high-level waste from reprocessing
and the speut fuel (i nol reprocessed) ame stored bul will
eventaally need (o be disposed of, The public is cxpecied ©
b expused to radialion from disposed waste only in the dis-
iant future, it at all, $0 assessment of the radiological impact
his to tely on mathemalical inodeling, Gverall, an annual
culleetive duve of about 200 wan Sv is estimpted for all oper-
alions reluted to clecirical encrgy production. The dominant
component of those operaliony is mining. The unnual per
capui dose 1o represeniative local and regional populationa
around nocleur power plnts i [ess than 00001 wmSy (about
equivalent tu the dose received from cosntic rudiation in a
few minotes of air travel).

52, 'Thore we several types of fucility around the world that,
while unrelated to the use of nuclear energy. way all the same.
expuse the public 1o radintion beeause of cohanced concen-
Crations of naturally ocewrdng radionuclides in their industrial
products, hy-products and waste. The maost important such
facilities involve mining and minerals proceasing, Besides
these, nanurally occurring rodioactive matednl can expose
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people 1o {onizing radiation as a result of various normal
buman practices, such 2% the agricultura use of sludge from
waler treairaent of the use of residue as landfil] or building
naterial, Although doses to the public are low, on the orderof
less than a few thousandths of a illisiever, some especially
vulnerable groups could receivie doses approaching 1 mSv,
A major effor is under way, at both the natjonal and interm-
Lionul levels, to assess expasure wo nawrally cocarming rdio-
active material und to develop strategics 10 address situntions
thal pive rise to increased radiation exposure.

[ii) Aadiation exposures of workers

53, Uil the 1990s, aslention in the area of occupational
exposure—sapatt [rom the pruciices mlated to the nuclear
lucl cycle—focused on ardificial sources of radiation.
Now, however, it is realized that a very Jarge number of
worktrs are exposed occuputionally 1o watuml sowrces of
radiation as well, and the current cstimale of the result-
ing colleciive dose is about three Llimes thal indicated in
the Committee’s 2000 repon. The total number of workers
exposed to ionizing radiation is cwrently estimated to be

Tahla 5. Exposura 1o radon in the workplaca

about 22.8 million. of whom about {3 inillien are exposed
o patur} sources of radiution and nbout 9.8 million w
artificial sources. Medical workers comptise the largeat
propartinn (75 per cent) of workers exposed 1o artificial
snurces of muliation,

5d. Redition exposure of workers involved in snilitary
activities occurs during dre production and testing of weap-
ons, Lhe opetation of reactors for prepulsion of naval vessels
aud other uses similar (o those m the civilian sector. The
Commitlee esliioales that e worldwide everage annual
colletive dose of jonizing radimtion frem such sources was
ahout 50-150 man Sv and the average annual worker dose
was aboul .1-0.2 mSv. However, here is a large degree of
unceelainty in this esiimate.

55, The excraction and processing of radiosetive ores that
may contain gignificant levels of naural mdionuclides is o
widespreud aetivity. The mining séetor accounts for the vas(
mujority af occupationally exposed workers, and radon is
the main sounse of mdintion exposurne in underground mines
of all types, Table 5 suminacizes the exposure Lo radon in the
wotkplace.

Worlpiace Number of workerr (miions) Lolective dose fman Sr) Averoge effective dosa (mv)
Cosal mines Lk 16 560 24
Omer mines? 45 13600 o
et wnrtpbces L25 6000 4B
Weighted average 28

2 Exchuding uranim TERES,

56. The annual colleclive dose of ionizing radiation w air-
lina Right crews is about KO man Sv, The estimated annual
average effective dose is 2-3 miv, Dosc measurements have
also been made availahle for u uember of space missions.
‘The reported doses for shon space missions were in the
range of 1.9-27 mSv,

51. The annual colleclive dose of ionizing radiation (o
workers involved in Ibe nuclear fuel cycle is estimnated 1o
be about 800 man Sv. For the fuel cyele ovenl, ihe aver
age annual effective dose is about 1.0 mSv. The wverage
annial duse o monitored workers in the nuclear fuel cycle
has pradually declined since 1975, from 4.4 mSv ta 1.0 mSv
at presend. Much of this decline is because of Use significant
redugtiou in wanivm inining couplad with more advanced
mining techniques; concurrently, the (otal occupalional
exposure al commercial nuclear power plants divided by the

emecpy produced hos also fidlen sleadily over the past three
decades (see [gure IX).

58. Between 1975 and 1989 the annual collective effec-
tive dose averaged over five-year periods for all operatinns
in the nu¢lear fucl cycle vivied Tittle from the average value
of 2,500 maa Sv despile the three- w four-leld increase in
eleciical energy gencrated hy nuclear meuns. The energy
generaicd has coulinued 10 incrense, lut the average annual
callective effective dose has fallen by olmost holf, from
1,400 man Sv in the period 199%0-1994 (o 800 1nan Sv in the
period 2000-2002.

59, The anpual collective dose 1o workers invalved in the
medicul use of rudiation is estimaled (o [e aboul 3,540 man Sv;
the average annual effective dase is about 0.5 m8y. The aver-
age annual doke to monitored workers imvolved in medical
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nees of radistion increased by & facter of 1.7 trom 1994 1©
2002, However, workers imvidvedin interventicmal procedures
have high effective doses: and extreiuity doses can feich the
regulatory limits, As the number of interventiowal procedures

has incressed significantly, the number of workers involved
in the medical use of rdistion increased by a fuctor of seven
in the period from 1975 to 2002, and the estimnted number
wits shout 7.4 million for 22

Figara .  Annual occupational callective dose of lenizing radiation at reactors, normallzed to unit elecirical energy produced,
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60, The annual collective dose 10 workews involved in
industrial uses of radiatinn is esitnzated (o he about 289 nian
§v, end the average annual eflective dnse is ahout 0.3 Sy,
This represents u decrease from the level of L% nSv in
1975, The number of workers involved in indusirial uses
of rudiation increased by a fucior of 1.6 in the period frum
1975 to 2(Kk2; the estimaled number was about (.Y million
Lor 2002,

SURVEY PERIOD

6l.  The wends in averape annual ocoupationel eflective doses
of ianiziug radiatinn aye shown in table & for the pericds 1980-
1984, 1990-1994 and 2000-2002. A decrease in the averape
efTectivie dose can be seen for all categories of exposure Lo ani-
hiciel scurces; the sharp decrease in dose for the noclear fucl
eyele was due mainly to-changes in uranium mining. However,
the overall weighted rverage effeclive dose increased becouse
of the increased cxpasuie to natem] sources of radiation.

Takia 6. Trends in average annual eccupational effective dases of lonizing radiation, 1930—19#4, 1590-1994 and 2000-2002

(Millisieverts)
Saren of aspoan 19001304 1950-1994 20002002
Halural sowen 19 29
Mditary puthedos. ) 07 02 o1 -
Naclear el cycle 37 18 I 10
Medical uses 08 03 o5
Irehsiil uses 14 05 03
[T e — o3 D1 01
Weighted sverage ¥ 13 0.8 1B
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fc) Exposures in accidemnts

62.  Barly acnie effects of radiation exposure accus only as
the result of necidents (or malicious auts). Some serious acci-
dents have Jed 10 significanl population cxposures owing (0
dispersion of radioactive material in the eoviroument. Radia-
tion cxposures from accidests have beeo discussed in several
past reports of the Comimnihee, including specilic evaluations
ol the Chemnoby) accident. The Commiltes lius categarized
aml summnarized reporied radindon accideom that resulicd
in eady acute heslth effects, deaths or 10ujor envitoumendal
contmination over the past 60 years,

63, Accidents axsocimied with the nuchear fuel cyele
included a simall nuiber of serious accidents that neceived
extensivis publiciiy and whose i ] 5 were reporied
in detail. Between 1945 aud 2007, 38 serious radialion acei-
dents oceurred In muelear fucilities. 26 of thein in facilitics
relared to nuclear wepons programmes. OF ilrse 38 acel-
dents, 34 resalted in emnployes dealhs or injury and 7 caused
oilsite releases of radioactive malerials and significan( pop-
nlatioa exposures. Excluding the 1986 acciden al Chemoby!
(which is discussed in section 13 below), 29 deaths {includ-
ing 4 deaths caused by trawma) and 68 cases of radiation-
relatedt injuries mequiring raedical care are kiwwn tw have
occuned as a resnlt of accidents associated with the nuelear
fuel cyele,

\

64, Large mdiation sources are in widespread use In jndus-
try (industrial irmadiation facililics or welerators) and have
been imwlved in & number of accidents, wsually atiribue-
ahle W epertor emor. Adl of e 85 aecidenls covered in i
present report involved sufficient Jevels of exposure 1o cause
radiation-relsted injuries to workers. Twenly-five deaths and
164 worker injuries wese reporled in connection wilh those
meeidents.

65. Orphan sources are radiantive sources that were origi-
nally subject Lo regnkatoqy £ommrol hut were then abandoned,
Tost or stelen. The 24 repurted serivus aecidents involving
orphan sources caused mdigtiog-relsied injurics to the pub-
lic; altogesher, 33 people, fachuding a oumber of children,
dlied in those accidents. In the accident 19 Guidnia, Drazil, in
1987, several hondred people were contaninmed.

66. In radiation medicine, accidents generally involve
erors in the delivery of radiotherapy that are often detecred
only after nuny patients have been overexposed. The Com-
mittee has reviewed only 29 reported sccidenls—involving
43 deaths and 613 injoriss—since 1967. 1t is likely Lhal some
deaths and nany injuries in the medical wse of radiation hove
not been reported). Neverthefess, the roported accidents alore
appesr 1o have injured more peyple than accidents in aoy
other categony. -

67. OFthe aceidents thal caoses expasures of jonizing radi-
alion w the general populution, the 1986 Chernobyl accident
was by far the mos| serious one. The collective dos¢ from
lhat accident was many times greater than the combined

collective dose trom all ofher accidents cansing cxposures to
the generad popalation,

G8. The trendy in these accidents vary cansiderably, Criti-
cality accidents were more eoimmon during Lhe early peri-
ods of noclear weapons programmes. Opuerational evenls
related to thee nuclear fnel cyele are sporsdic, Accideats in
industry and in academic or research establixhmeats appear
1 have peaked in the late 19705, fulling off to only a few
isolated gecwmences in industry since 2000, The extensive
and worklwide transport of mdicactive raterials for nom-
mililary purposes over the past many yeuars hus not resglled
in any radiation-relnted injuriea at afl. Accidents with orphan
sources and those related 1o medical uses of radintion have
shown an inepeasse ver recent periods Lot the data may sulfer
[rom rnderreporting.

{d) Comparison of oxposures

69, Although it is clear front the data prescnted thal doscs
vary substantially by location, group. health-cary level and
80 o, il is nanetheless helpful and customary to somna-
rize the findings on a global basis (see tahle | above), Expo-
sure 10 natural radiation does not change significantly over
time, although individual exposures, particulwly to radon,
can vary significantly. One of the most siriking changes aver
the past decade or so hos heen the sharp incrense in medi-
cal exposores, owing fol cxmnple Lo the mpid expansion in
the use of computed wmography scanning. In several coun-
Iries, this has meant thal medical exposure hos displaced
expasure due to auural sources of radiation as Lhe largest
overall component. The residual doses from nimospheric
testing and from the Chemalryl aceident continee to decline
slawely, Althoagh occupaticnal exposure shows a Jow value
when ovemged across the whole population, the estimated
Jevel has increased substantiully owing to the recognition
of caposure (o nataral rndionuelides-in mining. Duses from
the nuclear fuel cycle comtinue i be very small despite the
grudoal expansion of that sector,

B. Chernobyl eccident

M. The 1986 accident at the Chernubyl puclear prower
plant in the Former Soviet Union was e most severe suck:
aceident in [be hislory of civilian nuclear power, Two work-
ers died in the itminediate altermath, and 134 plant stafl and
cmergency persennch suffered aeute radialion syndeone,
which proved [ala for 28 of them. Several bundred thotsand
workers were subsequently involved in recovery operations.

7). Theuccidentcaused the largestumcanuoiled radioactive
yclease Into the environment ever recorded for any civilian
operalion; lutpe guantities of mdicaetve substances were
released into the slmosphere for about 10 days, The radio-
acrive cloud ereated by the accident dispersed over the entine
northern hemisphere and deposited substantial amounts of
radioactive malcriul over larpe nreas of the former Soviel
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Union and other parts of Europe. conlamiaaling fand, sater
and biota and causiog purticularly scrious social and eco-
nomnic dismption Ao large segments of the papulalion in the
countrics knowu txlay us Belanss, the Russian Fedemtion
and Ukraine, Two radionuclides, the short-lived indine-131
(with a half-lite of B days) am the long-Tived caesinm-137
{with & halfife ol 30 yenrs), were pacieularly zignificant
becanse of the cadiation dose they delivercd to the public,
However, the doses delivered were quite different for the two
radionuclides: the thyraid doses from iodine-13F ranged up
Lo several groys within a few weceks ofter the sccident. while
she whole-body dokes from coesium- 137 ranged op 1o a few
handred millisieverts over the following few years,

72, The contaaination of fresh milk with wdine-131 and
the lack of prompt countenneasures bed (o high thyroid doses.
particulacly ninong chiklven, in the former Soviel Union. In
the longer tesm, maioly due to mdiociesium, the general
population was also exposed W radintion, both externully

74. The Committee lirst considered he intial radiologi-
cul consequences of the accident in is 1988 report.” In its
2000 report, the Commiuee provided a demiledt acconnt of
the situation as it wus known at that time. Subsequent lo the
pulbilication of that report, eight organizations and bodies of
the United Mations systeoni™ {including the Commiltee) and
the three affecled Staws faunched the Chernobyl Forum,
which was to generuie authoritalive consensual siatements
on the environmental and health consequences attclbut-
able (o radiation expognre and fo provide advice on isspes
such a8 environmenlal remediation. special health-care pro-
geannnes and research activities. The work of the Chemohbyl
Poram was appraised nt on internatonal conterence on the
theme “Chemnhyl: logking back 10 go forwards; 1owards a
Uniled Nottons consensus on the ¢Hecls of the accident and
ihe Mulure”, which was held in Vienna on 6 and 7 Sepiom-
ber 2005. At that conference. all the previous sssessments
of the scale and character of the rdiation-related health

from radioactive deposits and inlernully from consuming
comtaminated fopdswsdls. However, the resufting long-fenn
radiation doses were relatively low (e overage additional
dose over the peried 1986-2005 in “contnmivared areas™2
of Belunss, the Russion Federation and Ukrnine wus 9 mSv,
approximately eguivalent to that from a imedical computed
wmagraphy scan), and should not lead 1w substantial ezl
efliects in the generad popnlation thal could be airibwted 1o
radiation. The foregoing notwithsianding, the severe dis-
ruption caused by the accldent resulted L u wajor ocial
and economic impaet and greal distress for the eflected
popuoliions.

73. Since the accident. the intemalional community has
nade unprecedenied elforts 10 assess (e inagnitude and
characienistics of it radialion-related hoalih effects. Many
initiatives, including those by the United Nutions Educa-
tional, Scientific and Cultnral Organization (UNESCO), the
Waorld Health Organization (WHO), the Inlermatiunal Adonsic
Lnersy Apency (IAEA) and the Huropem Commission,
were: Taunclied 1o better undecstand v consequences of the
accident and assist in their mitigatioe. The regults of those
iiliatives were synthesized al an intemational conference
un the ihewoe “One decade after Chernobyl: summing up the
copsenquences of the accident”, which wan beld in Vicona
[toun B to 12 Apeil 1996, The conference was co-sponsored
by WHO, JAEA and the Buropean Cominission in coopera-
tiou wilh the United MNations, the United Nutions Scientific
Committee on the Eftects of Alomic Radiation, the Food and
Agriculiere Orgnnization of the United Nations, UNESCO
md the Nuclear Enerpy Agenty of the Organisaion for Feo-
nuinic Co-operation and Development. In the intemational
scientific asscssmefits, broadly similar conclusions were
reached on the extent nnd charocter of the consequences off
the accident.

HThe “contamineled areus™ wera defloed whitrarily by the fommer Sovist
Union 88 treas’ where the soil lewels of ceesinm-13T were gremer thag
37 kitoberquerels per square metre.

q!

c of the accident were essenially reconfinned.

75, The objeciive of the Committee in the present evalua-
Lion i8 ta provide an authoritative and definitive review of the
health effects observed to date that are annbatable (o radiation
expasure due to he pceident and a clarification of te projec-
Lion of potemial elTects, laking e sccount the levels, trends
and patterns uf radiation dose to e exposed papulations.
To dhat end the Cominsittee cvatuaied relevant information
that became available since it 2000 repart and ascertained
that abservutions were not inconsisienl with assumplions
used previously Lo assess radiological consequenees, 1t also
recognized that smnc outstanding details merited forther
scrudiny and that its work 10 provide the scientific basis [or
a bewer urderstanding of the radiation-refated health and
emviremmentnl effects of tlee accident pesded tw conlinue.

76, Although u considerable voluine of new research datu
hax became available, the major conclusions regarding the
scale and nawre of the health consequences of the Chemo-
hyl uceident are ensentially consistent with the Commitiee's
1488 and 2000 reports. Thase conclusions ans us follows:

(a) A towl af 134 plant stafl’ and emergency work-
ers. received high doses of mdistion thal resnled in scoc
mdiation syndeame (ARS). many of them also incuring skin
injuries due to beta irradintion;

{b) The high radiation doses praved falal for 28 of
those peaple in the first few months following the accident;

{ci Although 19 ARS survivors liad died by 2008,
those deaths had dilferem canses that usually were not
associaled with radiaion expesure; -

(d) Skin injurics and rdintion-reluted eataracts were:
amang 1he main sequelae of ARS sarvivors:

Bifficial Reconts of the General Assembly, Fortv-thind Sesslan. Swpple-
ment Mo, 45 (AMI4S),
I*UNER, Office lor (he Conrdination of Humanitarian ARatrs of lie Sec-
retarist, the United Natlony Development Programme, the United Naticow
Scienlific Comuntites on the Effects of Atemic Radistion, FAD, WHO, 1he
W] Bank and [AEA,
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fe) Aside from the cinergency workers, several
bundred thousand people were involved in recovery
operalions hut, apart from indicalions of an increase in
iacideoce of [tukaemia and ol cataracls among thase whoe
received higher doses, there is to dale no cansisient evi-
dence of healih effacts that can be aributed 10 radiation
£Xposure;

(7 A substantial inerease in thyroid cancer incidence
among persons exposed 10 1 accident-related mdiation as
childrea or adolescenis in 1986 hus been observed in Belarus,

Ukrainc saicd Feur of the more affecicd regions of the Russian
Federation. For the paiod 199 (-2003, more thaw 6,06 coses
were reponed. of which a suhstantial portion could be attrib-
uled to drinking milk in 1986 contauinuied with iodine-131.
Althouph thyroid cancer incidence continues to increuse for
this gronp (see tigure X [or the trend in Beilarus), up to 2005
only 15 cuscs had proved Intal;

{g} Among the general public, (@ dele there has been

Ite consistent evidence of any other health effect thar can be
altributed 10 radistion exposure.

Figure X. Thyrold cancer incidence among people in Belarus who were children or adolescents at the time of the Chemobyl

accident, 1996-1990, 1491-1995, 1986-2000 and 2001-2005
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77, Although mwodel-bused predictioas have been pub-
lished about possible increases it solid cancer incidence
wrnong the general population, fur ull the population groups
considered the doses arc rolatively smalf and wre compar-
able to doses resulling ftoin exposure to natural background
radiation. The Covmmittee bas decided not 10 nse inodels to
project alisolute nuinbers ol effecik in populations expuosed
lo Jow doses because of unacceptable uncertaintics in the
predictions. However, e Conunitiee considers that it is
appropsiate 10 ¢onlinoe surveillance. i

78. Based om 20 years of studies. il is possible to recon-
finn the conelusions of the Cammitice’s 2000 reporl. Essoit-
tally, persans who were expused as children to radiviodine
[roin the Chemebyd accident and the emergeney and recov-
ery apemtion workers wha received high deses of mdiaiion
are al increased visk ol cadistion-induced effects, Mosl area

199711995

207-2005

PERICD

. Males

residents were caposed to low-level mddiulian comparuble 1o
or a few liwes higher than the annual naliral background
radiation Irvels und need not live in fear of strious heulth
conseqnences. ;

T9. The Commirtee considers ith most recent gvaloa-
tion an important froint of refzrence [or the Uniled Nations
Coordinator of Jatemational Cooperation on Chemobyl in
sespunding Lo the request by the Generul Assembly pursu-
anl to paragraph 1§ of its resolution 62/2 of 20 November
2007, thut the Coordinaor comlinue his woark in organ-
izing. in collaberatien wilh the Governments of Befams,
the Russian Federution and Ukmaine, a farther study of the
health, envicomnental and socio-cconomic consequences of
the Chernobyl disaster, consistent with the reconuncoda-
tions of the Cheruoby| Forum, and to imprave the provision
ol informatiou Lo focal populatious,
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€. Effects on non-humen biola

B0. Al upecies present on the Earth have existed and
evolved in envionments where they bave been exposed
1o jonizing mdiation from the nawrl backyround. More
recently, however, organisms are also beisg exposed Lo
urtificial sounces of radiation, such as global fallour from
aimoespheric nuclear wenpons tests and. in certain locations,
controlled discharges of rdienuclides or accidenial releases
of radioactive marerizd.

8L 1o itk 1996 repurt,” \he Commince cvaluated those
doses and dose rates of ionizing radiadon below which
effects on populations of non-humean hiv were unlikely. It
congidercd that the individual responses 16 radiation expo-
sure: thal were likely o be signikicant ai the population level
weit in the nreus ol morality, fertility, fecundity and the

non-human biola. There ix-a coasiderable sange of crd
paints ood corresponding effvet levels presented in the lit-
erature and al50 conkiderahle variation in hew different
rescarchers eviluae those dula. Tuble 7 provides & briel
swnmary of the relevant data for agprepated colegories of
OTEUMISITE,

83. The Commiuee concluded that, overall, there was no
cvidenee to support chunging the conclusions of its 1946
report according 1o which chiranic dose rates of jess than
0.1 miliigruys per hour (o the mos highly exposed individ-
uals would be unfikely 1o have significant effects on most
lerrestris] communities and chronic dpse raies of less than
0.4 milligroys per hour e any individual in aqnatic popu-
lations ol grganisins would be unlikely W have any dotri-
mental elfect at the population level. For acute cxposures,
studies of the Chernabyi avcilent expericnce had confirmed

induction of mmitatiens. ‘The Commitiee ulso considered
that reproductive changes were a imore sensilive indicator of

radiation eifects (an mortality, aud that mammals were the

most sensitive of all aninml organisns. On thal basis, the
Commiliee derived the dose raten 10 (e most highly expased
individuals that would he unlikely {o have significant efccts
on ‘most populations. .

82, Since tien, new data on the effects of inizing rdia-
tion have been ohiaived (ron folluw-up olmervations of
non-hwnan biota in the aren around the Chemoby site. Vari-
ous organizations have camied out comprehensive reyiews
of the scientific lileraimre and, in some cases, have devel-
vped new approaches for assessing the putential effecrs on

that significant cffects on populations of non-human hiola
were unlikely w doses below nhout § gray.

84, Since the ime of the Conunittee's 1996 report, a greal
deal of work has been done 10 investigate and improve data
and methads for evaluating palbways through which biota
nre expased Lo mdiation in their eavironmene: there have
also heen many improvements in assessing doses (o biota.
1t is important Lo note that many epportnnitics remain for
improving cument understunding and methods in those arcas.
An improved undersianding of such ospects will improve
the overnl] underskmding of 1be relationship betwoen levels
of radiation end radioaclivity in the covironmem and the
polential etlfects on biota,

Table 7, Some effacts ol lonizing radiation on selected categories of noo-human hiota

Cheoaic dore mie Catepary Fifact End point
{mdlgrays par b
0.1-1 Pals Dgath of gire reedies. reduced mumbers of herbacoow plants Martaliy, monsdity
Fish Rz i in aperm production, delayad spawring Rapioduetiva damage
Abet 0.1 Manmals No detimenial ond points desenbed Poibifity, mortslity, 1opndueie darnaye:

WOfficli Records of the Cenerol Assembiy, Fiftv-first Seasion, Supplemoni
Nao. 46 (A/SLHG).
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