


ReportoftheUnitedNationsScientificCommitteeonthe

EffectsofAtomicRadiationtotheGeneralAssembly1

ScientificAnnexes31

AnnexA.Exposuresfromnaturalsourcesofradiation33

AnnexB.Exposuresfromman-madesourcesofradiation91

AnnexC.Medicalradiationexposures221

AnnexD.Occupationalradiationexposures375

AnnexE.Mechanismsofradiationoncogenesis551

AnnexF.Influenceofdoseanddoserateonstochasticeffectsofradiation619

AnnexG.Hereditaryeffectsofradiation729

AnnexH.Radiatoneffectsofthedevelopinghumanbrain805

AnnexI.Latedeterministiceffectsinchildren869





INTRODUCTION4

I.BIOLOGICALEFFECTSOFIONIZINGRADIATION5
A.RADIOBIOLOGY6
1.Thetargetforradiationaction6
2.Effectsofinducedchangesinthecellgeneticcode7
B.EPIDEMIOLOGY10

II.QUANTITATIVEESTIMATESOFRADIATIONEFFECTS12
A.QUANTITIESANDUNITS12
1.Dosimetricquantities12
2.Riskanddetriment13
B.EFFECTSINMAN14
1.Deterministiceffects14
2.Radiation-inducedcancer15
3.Hereditaryeffects17

in.SOURCESOFRADIATIONEXPOSURE17
A.BASISFORCOMPARISONS17
B.LEVELSOFEXPOSURE18
1.Exposuresfromnaturalsources18
2.Medicalexposures19
3.Exposuresfromnuclearexplosionsand
fromtheproductionofnuclearweapons20
4.Exposuresfromnuclearpowerproduction21
5.Exposuresofthepublicfrommajoraccidents22
6.Occupationalexposures23
7.Summaryofcurrentinformation25

IV.THEPERCEPTIONOFRADIATIONRISKS26

V.SUMMARYANDPERSPECTIVES27
A.LEVELSOFEXPOSURE27
B.BIOLOGICALEFFECTS27
C.PERSPECTIVES28

Appendices
I.Membersofnationaldelegations29
II.ScientificstaffandconsultantscooperatingwiththeCommittee
inthepreparationofthisreport30





ANNEXA

Exposuresfromnaturalsourcesofradiation

INTRODUCTION34

I.COSMICRADIATION35
A.COSMICRAYS35
1.Theradiationenvironment35
2.Factorsaffectingdose36
3.Exposures37
B.COSMOGENICRADIONUCLIDES39
C.SUMMARY39

II.TERRESTRIALRADIATION39
A.EXTERNALEXPOSURE39
1.Outdoors39
2.Indoors40
3.Dose42
B.INTERNALEXPOSURE43
C.SUMMARY44

IE.RADON45
A.SOURCESANDMOVEMENT45
1.Productioninterrestrialmaterials45
2.Diffusion46
3.Advection47
4.Infiltration48
5.Transferfromwaterandnaturalgas48
6.Entryrates49
B.EXPOSURE50
1.Indoorconcentrations50
2.Dose52
C.SUMMARY54

IV.EXTRACTIVEINDUSTRIES54
A.ENERGYPRODUCTIONFROMCOAL55
1.Coalmining55
2.Useofcoal55
3.Useoffuelash56



B.OTHERENERGYPRODUCTION57
1.Oil57
2.Peat57
3.Naturalgas57
4.Geothermalenergy58
C.USEOFPHOSPHATEROCK58
1.Phosphateprocessingoperations58
2.Useofphosphatefertilizers59
3.Useofby-products59
D.MININGANDMILLINGOFMINERALSANDS60
E.SUMMARY60

CONCLUSIONS61

Tables62
Figures75
References79







ANNEXB

Exposuresfromman-madesourcesofradiation

INTRODUCTION92

I.ATMOSPHERICNUCLEARTESTING93
A.ENVIRONMENTALINPUT93
B.DEPOSITSONTHEEARTH'SSURFACE94
C.TRANSFERFROMDEPOSITIONTODOSE96
D.DOSEESTIMATES98
1.Regionalandglobalexposure98
2.Localexposure100

II.UNDERGROUNDNUCLEARTESTS100
A.WEAPONSTESTS100
B.PEACEFULNUCLEAREXPLOSIONS101

Ⅲ.NUCLEARWEAPONSFABRICATION102
A.PRODUCTIONAMOUNTS102
B.RELEASESANDDOSEESTIMATES103

IV.NUCLEARPOWERPRODUCTION105
A.MININGANDMILLING105
1.Effluents105
2.Doseestimates106
B.URANIUMFUELFABRICATION107
1.Effluents107
2.Doseestimates107
C.REACTOROPERATION107
1.Effluents107
2.Localandregionaldoseestimates109
D.FUELREPROCESSING109
1.Effluents110
2.Localandregionaldoseestimates110
E.GLOBALLYDISPERSEDRADIONUCLIDES111
F.SOLIDWASTEDISPOSALANDTRANSPORT111
G.SUMMARYOFDOSEESTIMATES112



V.RADIOISOTOPEPRODUCTIONANDUSE112
A.PRODUCTIONAMOUNTSANDRELEASES112
B.DOSEESTIMATES113

VI.ACCIDENTS114
A.CIVILIANNUCLEARREACTORS114
1.ThreeMileIsland114
2.Chernobyl114
B.MILITARYINSTALLATIONS115
1.Kyshtym115
2.Windscale116
C.TRANSPORTOFNUCLEARWEAPONS117
D.SATELLITERE-ENTRY118
E.INDUSTRIALANDMEDICALSOURCES119

CONCLUSIONS119

Tables121
Figures204
References215







ANNEXC

Medicalradiationexposures

INTRODUCTION222

I.ANALYSISOFMEDICALEXPOSURES223
A.MEDICALRADIATIONUSAGE223
B.DOSEEVALUATION225
C.BENEFITSANDRISKS226
D.SUMMARY227

II.DIAGNOSTICXRAYEXAMINATIONS228
A.FREQUENCIESOFEXAMINATIONS228
B.AGE-ANDSEX-DISTRIBUTIONS230
C.DOSESINEXAMINATIONS231
1.Fluoroscopy232
2.Computedtomography234
3.Chestexaminations235
4.Mammography236
5.Chiropracticexaminations236
6.Neonatalandchildexaminations237
D.DENTALX-RAYEXAMINATIONS238
E.WORLDWIDEEXPOSURES240
F.TRENDS241
1.Specificx-rayexaminationsandtechniques243
2.Alternativestox-rayexamination244
3.Particularpatientgroups246
4.Effectsofqualityassuranceprogrammes247
G.SUMMARY249

Ⅲ.DIAGNOSTICUSEOFRADIOPHARMACEUTICALS250
A.FREQUENCIESOFEXAMINATIONS250
B.DOSESINEXAMINATIONS252
C.WORLDWIDEEXPOSURES253
D.TRENDS254
1.Specificmethodsinnuclearmedicine254



2.Alternativestonuclearmedicine256
3.Effectsofqualityassuranceprogrammes256

E.SUMMARY256

IV.THERAPEUTICUSEOFRADIATION257
A.FREQUENCIESOFTREATMENTS257
B.DOSESINTREATMENTS258
C.WORLDWIDEEXPOSURES259
D.TRENDS260
E.SUMMARY261

V.THERAPEUTICUSEOFRADIOPHARMACEUTICALS262
A.FREQUENCIESOFTREATMENTS262
B.DOSESINTREATMENTS262
C.WORLDWIDEEXPOSURES262
D.TRENDS263
E.SUMMARY263

VI.EXPOSURESOFTHEGENERALPUBLIC263
A.DIAGNOSTICX-RAYEXAMINATIONS263
B.RADIOPHARMACEUTICALS263
C.RADIATIONTHERAPY264
D.VOLUNTEERSINMEDICALRESEARCH265
E.SUMMARY265

VII.EXPOSURESFROMACCIDENTS
INMEDICALRADIATIONUSAGE266

CONCLUSIONS266

Tables269
Figures347
References355







ANNEXD

Occupationalradiationexposures

INTRODUCTION377

I.ANALYSISOFOCCUPATIONALDOSEDISTRIBUTIONS378
A.DOSEMONITORINGDATA378
1.Quantitiesmeasured378
2.Monitoringpractice380
3.Recordingandreportingpractice381
B.CHARACTERISTICSOFDOSEDISTRIBUTIONS382
C.ESTIMATIONOFWORLDWIDEEXPOSURES385
D.CUMULATIVEDOSEDISTRIBUTIONS387

II.THENUCLEARFUELCYCLE387
A.URANIUMMININGANDMILLING388
B.URANIUMENRICHMENTANDCONVERSION391
C.FUELFABRICATION392
D.REACTOROPERATION396
1.Light-waterreactors397
2.Heavy-waterreactors400
3.Gas-cooledreactors401
4.Light-water-cooled,graphite-moderatedreactors402
5.Fastbreederreactors402
6.Summary403
E.FUELREPROCESSING403
1.Averageannualdoses403
2.Dosesforspecifictasksandoccupationalsubgroups405
F.RESEARCHANDDEVELOPMENT406
G.CUMULATIVEDOSES408
H.SUMMARY412

Ⅲ.DEFENCEACTIVITIES413
A.NUCLEARWEAPONS414
1.Annualdoses414
2.Cumulativedoses415



B.NUCLEAR-POWEREDSHIPSANDTHEIRSUPPORT
FACILITIES415
1.Annualdoses415
2.Cumulativedoses416
C.ALLDEFENCEACTIVITIES416
1.Annualdoses416
2.Worldwideannualdoses417
3.Cumulativedoses418

IV.INDUSTRIALUSESOFRADIATION418
A.INDUSTRIALRADIOGRAPHY419
B.LUMINIZING420
C.RADIOISOTOPEPRODUCTIONANDDISTRIBUTION421
D.WELLLOGGING421
E.EDUCATIONANDRESEARCH422
F.ACCELERATORS423
G.OTHERINDUSTRIALUSES424
H.ALLINDUSTRIALUSESOFRADIATION424
I.CUMULATIVEDOSES425
J.SUMMARY425

V.MEDICALUSESOFRADIATION426
A.DIAGNOSTICRADIOGRAPHY427
B.DENTALPRACTICE428
C.NUCLEARMEDICINE429
D.RADIOTHERAPY429
E.ALLMEDICALUSESOFRADIATION430
F.VETERINARYPRACTICE432
F.SUMMARY432

VI.NATURALSOURCESOFRADIATION434
A.EXTRACTIVEINDUSTRIES434
1.Undergroundmining434
2.Surfacemining436
3.Transport,storageanduseofphosphates436
B.AVIATION436
1.Airtravel436
2.Spacetravel437
C.OTHEROCCUPATIONSANDPRACTICES437
D.SUMMARY438

VII.ACCIDENTS438

CONCLUSIONS439

Tables444
Figures515
References540







ANNEXE

Mechanismsofradiationoncogenesis

INTRODUCTION552

I.STRUCTUREANDFUNCTIONOFMAMMALIANCELLS553
A.CELLSANDTISSUES553
B.CHROMOSOMES553

II.PRINCIPALTHEORIESOFONCOGENESIS554
A.INDUCTIVEANDDEVELOPMENTALPROCESSES555
1.DNAasaprincipaltargetforradiationaction555
2.Thesingle-celloriginofneoplasia555
3.Geneticchangesinoncogenesis556
4.Multistagecellulardevelopmentinoncogenesis563
5.Viralinvolvement570
B.HUMANSUSCEPTIBILITYTORADIOGENICCANCER571
1.HomozygousdeficienciesinDNArepair,cellinactivation
andchromosomebreakage571
2.Heterozygouscarriersofgenetictraits573
3.Systemicfactors574
4.Immunodeficiencyandcellsurveillancemechanisms576

Ⅲ.EXPERIMENTALINVESTIGATIONSOFCELLULAR
ANDMOLECULARMECHANISMS
OFRADIATIONONCOGENESIS577
A.EPIDEMIOLOGICALSTUDIES578
B.MOLECULARSTUDIESOFMUTAGENESISAND
REPAIR:POSSIBLEIMPLICATIONSFOR
NEOPLASTICINITIATION578
C.INVITROSTUDIESWITHCELLULARSYSTEMS580
1.Conventionalsystems580
2.Novelsystems581
D.INVIVOSTUDIES582
1.Generalexperimentalstrategies582
2.Molecularstudiesofinducedanimalneoplasms583



IV.COMPARATIVEASPECTSOFONCOGENESISBY
RADIATIONANDCHEMICALS585

V.FUTUREPERSPECTIVES588
A.IMPLICATIONSOFADVANCES
INRELATEDRESEARCH588
B.METHODOLOGICALANDCONCEPTUALASPECTS589

CONCLUSIONS593

Tables595
Figures600
References603







ANNEXF

Influenceofdoseanddoserateonstochasticeffectsofradiation

INTRODUCTION620

I.DOSERESPONSEFROMRADIATIONEXPOSURE624
A.THEORETICALCONSIDERATIONS624
1.Single-hittargettheory625
2.Multi-trackeffects626
3.Lowdosesandlowdoserates:
microdosimetricconsiderations627
4.Radiationqualityandrelativebiologicaleffectiveness629
5.Deviationsfromconventionalexpectations630
B.MULTI-STAGEMODELSOFCARCINOGENESIS630
1.Multi-stagemodels630
2.Thresholdsinthedose-effectrelationships632
C.MECHANISMSOFDOSE-RATEEFFECTS
INMAMMALIANCELLS633
1.RepairofDNAdamage634
2.Effectofdoserate635
D.SUMMARY636

II.DOSE-RESPONSERELATIONSHIPS
INEXPERIMENTALSYSTEMS637
A.TUMORIGENESISINEXPERIMENTALANIMALS639
1.Radiation-inducedlifeshortening639
2.Tumourinduction647
B.INVITROCELLTRANSFORMATION662
1.Dose-responserelationships664
2.Doserateandfractionation665
3.High-LETradiation667
4.Summary671
C.MUTAGENESIS671
1.Somaticmutations672
2.Germcellmutations673
3.Summary675



Ⅲ.DOSEANDDOSE-RATEEFFECTSINHUMANCANCER676
A.LEUKAEMIAANDALLOTHERCANCERS676
1.SurvivorsoftheatomicbombingsinJapan676
2.Workersinthenuclearindustry677
B.THYROIDCANCER678
C.BREASTCANCER679
D.SUMMARY679

IV.DESIGNATIONOFLOWDOSESANDLOWDOSERATES680
A.PHYSICALFACTORS680
B.BIOLOGICALFACTORS681
C.SUMMARY682

CONCLUSIONS682

Tables688
Figures697
References715







ANNEXG

Hereditaryeffectsofradiation

INTRODUCTION730

I.GENETICDISEASESINHUMANS731
A.SINGLE-GENEDISORDERS731
1.Dominanttraits732
2.Recessivetraits732
3.X-linkedtraits733
B.CHROMOSOMALABERRATIONS733
C.MULTIFACTORIALANDPOLYGENICINHERITANCE733
1.Determiningfactors733
2.Riskofrecurrencewithinfamilies734
D.NON-TRADITIONALINHERITANCE735
1.Mosaicism735
2.Genomicimprinting737
3.Uniparentaldisomy738
4.Cytoplasmicinheritance739
5.Anticipationandallelicexpansion739
6.Geneamplification740
7.Transposableelements740
E.SUMMARY741

II.MONITORINGTHEBACKGROUNDINCIDENCE
OFGENETICDISEASE741
A.REGISTRIESOFCONGENITALANOMALIES741
1.Typesandincidenceofcongenitalanomalies741
2.Scopeofmonitoring743
B.CONSIDERATIONSONBACKGROUNDINCIDENCE744
1.SentinelMendeliandiseases744
2.Autosomalrecessivediseases745
3.Chromosomaldiseases746
4.Congenitalanomaliesandmultifactorialdiseases746
C.MOLECULARANDBIOCHEMICALSTUDIESOF
SPONTANEOUSANDRADIATION-INDUCEDMUTATIONS...748
1.Locationandeffectsofmutations748



2.Proteinstudies751
D.SUMMARY752

IE.GENETICRISKESTIMATION753
A.HUMANSTUDIES754
1.Geneticfollow-upstudiesonthe
survivorsoftheatomicbombings754
2.Epidemiologies1studyofleukaemiacasesatSellafield757
3.Epidemiologicalstudiesonotherhumanpopulations759
B.METHODSOFRISKESTIMATION:ANIMALSTUDIES760
1.Thedoublingdose(indirect)method761
2.Thedirectmethod762
C.EXPERIMENTALSTUDIES767
1.Newexperimentaldatarelevanttoriskestimation767
2.Studiesofmutationsinmouseoocytes768
3.Inductionoftranslocationsinprimates769
4.Inductionofdominantmutations
causingcongenitalmalformations769
5.Resultsofthedirectmethodtoestimaterisk770
6.Mouseversushumangenes771
D.GENETICRISKESTIMATES772
1.EstimatesofUNSCEAR772
2.EstimatesofBEIR,ICRPANDNUREG773
3.Re-evaluationofdoublingdoseestimates
inmiceandhumans774
4.Molecularbiologicaldevelopments775
E.SUMMARY776

IV.FUTUREPERSPECTIVES777
A.MOLECULARINVESTIGATIONS777
B.THEHUMANGENOMEPROJECT778

CONCLUSIONS779

Tables782
Glossary786
References796







ANNEXH

Radiationeffectsonthedevelopinghumanbrain

INTRODUCTION806

I.THEHUMANBRAIN806
A.DEVELOPMENT806
B.DEVELOPMENTALDEFECTS810
1.Cerebralandcerebellarabnormalities811
2.Abnormalitiesofthebrainadnexa811

II.RADIATIONEFFECTS812
A.PRENATALEXPOSURETOATOMICBOMBINGS814
1.Severementalretardation816
2.Smallheadsize816
3.Intelligencetestscores818
4.Schoolperformance819
5.Seizures820
6.Pathologicandotherfindingsofbrainabnormalities821
B.OTHERHUMANSTUDIES825
1.Prenatalexposure825
2.Exposureoftheinfantileandjuvenilebrain827
C.EXPERIMENTALSTUDIES828

Ⅲ.RISKESTIMATES830
A.RISKFROMACUTEEXPOSURE831
1.Mentalretardation831
2.Smallheadsize831
3.Diminutioninintelligenceandacademicperformance832
4.Seizures833
B.RISKFROMFRACTIONATEDOR
CHRONICEXPOSURETONEUROTOXINS833
1.Ionizingradiation833
2.Neurotoxicchemicals834
C.UNCERTAINTIES836

IV.FUTUREPERSPECTIVES839

CONCLUSIONS840



Tables842
Figures852
Glossary855
References860







ANNEXI

Latedeterministiceffectsinchildren

INTRODUCTION870

I.DETERMINISTICEFFECTSOFRADIATIONEXPOSURES871

II.RADIATIONEFFECTSINTISSUESANDORGANS872
A.BRAIN872
1.Organiceffects872
2.Neuropsychologiceffects875
3.Neuroendocrineeffects877
B.THYROIDGLAND881
C.OVARY884
D.TESTIS886
E.MUSCULOSKELETALSYSTEM888
F.EYE890
G.CARDIOVASCULARSYSTEM892
H.LUNG892
I.BREAST893
J.DIGESTIVESYSTEM894
K.KIDNEY895
L.BONEMARROW896

CONCLUSIONS897

Tables899
Figures904
References909


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31
	page32
	page33
	page34
	page35
	page36
	page37
	page38

