Samrad med temat: Sakerhetsanalysens plats i miljokonsekvensbeskrivningen

Datum: 3 maj 2010, klockan 18.00-21.00

Plats: Biografen Storbrunn, Klockstapelsgatan 2, Osthammar

Malgrupp: Allmanheten, organisationer, statliga myndigheter och verk.

Inbjudan: Motet annonserades i lokalt Upsala Nya Tidning (10 och 30 april), Ostham-

mars Nyheter (10 och 30 april), Annonsbladet (14 och 28 april) och
Upplands Nyheter (9 och 30 april).

Skriftlig inbjudan gick till de organisationer som erhaller medel ur Karn-
avfallsfonden for att folja samraden, Osthammars kommun, Léansstyrelsen i
Uppsala l1an samt till statliga myndigheter och verk.

Underlag: Inget nytt underlag har tagits fram infér motet. Inkomna synpunkter och
fragor fran samraden i februari kunde hamtas pa SKB:s webbplats.

Presentationer: Motet inleddes med presentationer av Erik Setzman, som presenterade hur
langsiktig sakerhet har tagits upp i samraden och miljokonsekvensbeskriv-
ningen, MKB:n, samt sékerhetsanalysens och MKB:s plats i ansokningarna
enligt miljobalken och kérntekniklagen. Allan Hedin presenterade bakgrund
och syfte med analysen av sékerheten efter forslutning, SR-Site, samt nagra
preliminéra resultat.

Narvarande: Cirka 70 personer.

Allménhet/narboende: Fem personer.

Representanter fran: SSM, Osthammars kommun, Oskarshamns kommun, Karnavfallsradet,
Forsmarks Kraftgrupp (FKA), Regionférbundet i Kalmar 1an, MKG, Milkas, SERO och
Alands Natur och miljé (ANOM).

SKB: Saida Laarouchi Engstrém, Mikael Gontier, Allan Hedin, Inger Nordholm, Olle Olsson,
Erik Setzman, Magnus Westerlind med flera.

Moderator: UIf Henricsson.
Justeringspersoner: Marie Berggren och Hans Jivander.
Skriftliga synpunkter och fragor i sin helhet, sammanfattning av skriftliga synpunkter och

fragor med SKB:s svar, det vill sdga bilaga A i protokollet, ligger separat i dokumentationen
fran detta tema.
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Fredag 30 april 2010

I veckan

Fredag 30 april

VALBORGSMESSOFIRANDE VArtal, kor, kase pa dam-
men och fyrverkeri vid herrgirdsdammen i
Osterbybruk.

Lordag 1 maj

FORSTA MAJ-FIRANDE | GIMO Samling vid brandstatio-
nen iGimo kl. 11, avmarsch mot Gimo torg kl.
11.30. Dérefter méte pd Gimo torg med tal av
Birgitta Dahl, Margareta Widén Berggren, Ro-
ger Lamell och Sanne Eriksson. Musik av Al
Fine. Arr: Socialdemokraterna, SSU, LO och
ABF.

FORSTA MAJ-FIRANDE | OSTERBYBRUK MOte i Folkets
hus i Osterbybruk k1. 14 med tal av Margareta
Widén Berggren och Sanne Eriksson. Prisut-
delning till Arets bruksare. Arr: Socialdemo-
kraterna, SSU, LO och ABF.

VARMARKNAD Vilkommen till Raggard Gards
traditionella varmarknad. Kaffeservering
med hembakat och smérgasar. Pa terrassen
och i lusthuset finns hantverk, hemslojd,
lotter, lax med mera till férsdljning. Tid: 11-
155

MUSIK Coverbandet Hoffman Cirkus upptrader
i Osthammars bowlinghall, kl. 21.

Sondag 2 maj

KLAD- OCH PRYLBYTARDAG Harghamns forildrafor-
ening ordnar kldd- och prylbytardag i gamla
lararbostaden i Hargshamn, kl. 9-13.

Mandag 3 maj

KLAD- OCH PRYLBYTARDAG@ Harghamns forildrafor-
ening ordnar klidd- och prylbytardag i gamla
lararbostaden i Hargshamn, kl. 18-19.30.

ANNONS

Onsdag 5 maj

UNGDOMSSERIE | ORIENTERING Tavlingsplatser finns
redovisade pa OK Rodhens hemsida. Fran ny-
borjare till vana ungdomar. Det gir bra att
komma och genomftra en bana utan att an-
mala sig i forvdg. Man kan delta vid ett eller
flera tillféllen. Tid: 18.00. Ovriga tavlingsdagar
ar 19 maj, 26 maj och 2 juni.

Fredag 7 maj
MOTIONSDANS Dans i Hargshamns Folkets Hus kl.
19-23. Musik: Skarvarna. Arr: Club-82.

Loérdag 8 maj

TRAFIKDAG PA LUNDAFALTET Kom pa din MC och &k
den snitslade banan med instruktoérer pd de
olika stationerna. Tid: 10-14. Arr: Osthoj och
DMC.

VARMARKNAD Massor av knallar frin hela landet,
kom och fynda! Plats: Gimo torg. Arr: Gimo IF.

Hela veckan
KONSTUTSTALLNING Ingegerd Hansson stiller ut pd
Bjoérkmans konditori 6/4-8/5.
TRASMATTSUTSTALLNING Eva Sveijer stiller ut hand-
vdvda trasmattor i dubbelbindning pa Oster-
bybruks bibliotek under april och maj.
KONSTUTSTALLNING Hans Gustafsson stiller ut
egna verk i motorsdgskulptur, olja, akvarell
och blyerts, pa Galleri Kvarnen i Knutmasso-
museet i Gimo. Utstdllningen pagar 2/4-29/7
- och dr 6ppen tisdagar till séndagar, kl. 11-17.
FOTOGRAFIUTSTALINING Anders Forsberg, Gimo,
stiller ut fotografier pi Osthammars bibliotek
under maj manad.
BLYERTSTECKNINGAR Camilla Carsbo, 15 ar, stiller
ut blyertsteckningar pa Gimo bibliotek under
maj manad. :

.
////7/;' %//// 7 : . . s .
. /%/50/5/,47 SKB inbjuder till samrid om siker-
. / hetsanalysens roll i miljékonsekvens-
beskrivningen (MKB).
Mandag den 3 maj

Slutforvaring av
anvant karnbransle

Klockan 18.00-21.00

Biografen Storbrunn,
Klockstapelsgatan 2, Osthammar

Inget nytt underlag har tagits fram infor
motet. Inkomna synpunkter och frigor frin
samréden i februari kan himtas pa www.skb.se.

Inbjudan till samradsmotet gors i enlighet
med kapitel 6 i miljobalken och avser prévning
enligt kapitel 9 (Miljofarlig verksamhet och
hilsoskydd) och kapitel 11 (Vattenverksamhet)
samt enligt kirntekniklagen.

Vilkommen.

~ Svensk Kérnbranslehantering AB

Platsundersokning Forsmark
Stora Asphaéllan 8, 742 94 Osthammar
Telefon 0173-883 00 info.forsmark@skb.se

Lasarbild

Solnedgang i Oregrundsgrepen. FOTO: BIRGIT OLSSON

Grattis
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GRATTIS CASPER

som fyllde 2 ar den 27 april. Grattiskramar fran
mamma och pappa, Emelie, Anton och Alex.

GRATTIS ALEXANDER

som fyller 8 ar den 6 maj. Grattiskramar fran
mamma och pappa, Emelie, Anton och Casper.

Fiireningsreferat

ning. Dar fick de hora tva klassiska barnsagor
och sedan fick de lana bocker och se sig

Varldsbokdagen, fredag den 23 april, upp- -
marksammades pd Osthammars bibliotek
med ett besok av klass tvd fran Kristinelunds-  omkring i biblioteket. Det ar alltid roligt med
skolan med deras lirare Lotta Grehn. Barnen  skolklassbesok och extra roligt var det pa
hade promenerat i den forsta solen ner till  Virldsbokdagen!
biblioteket fran skolan och sprang glada och

pigga in och satte sig i var trdnga barnavdel-

INGEBORG SEVASTIK
Osthammars bibliotek

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Den 23 april var -det parasitkvdll pd Gimo kommun och dven Uppsala. Vidilab (ett ackre-
Ridklubb och vilken kvill vi hade! Stor upp-  diterat laboratorium med lang erfarenhet)
slutning av histigare frin hela Osthammars  analyserade éver hundra prov och cirka 40

procent var parasitfria, vilket betyder att vi ar
|

pa ratt spar nar det galler att minska avmask-
ningen pd vara hastar.

Hakan 11/5, 8/6 samt 3/8

med drop in kl. 14-16.

Veterindr Katarina Gustavsson hade ett
mycket vil genomtinkt foredrag med helt
STUDIO HAKAN « GAMMELBYGATAN
22, STHAMMAR - 0173-123 17

ANNONS

|

nya informativa bilder och ord om blod- och
spolmaskar, som ar de viktigaste parasiterna
att tdnka pa ndr det giller avimaskning.

Det var fjarde gingen vi hade information
om avmaskning och analys.

Arrangorer var Frosakers- och Olands Hus-
hallningssallskap i samarbete med Gimo
RidKklubb.

BERIT RUHNE
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Allméant samradsmote i Osthammar 3 maj 2010

Samrad enligt miljobalken kapitel 6, for prévning enligt miljébalken och
karntekniklagen

Mellanlagring, inkapsling och slutférvaring av anvant karnbransle

Tema: Sakerhetsanalysens roll i MKB:n

Plats: Biografen i Osthammar
Datum: 3 maj 2010, klockan 18.00-21.00
Néarvarande: Cirka 70 personer, varav fem allménhet/narboende.
Representanter fran Osthammars kommun, Oskarshamns kommun,
Karnavfallsradet, Stralsakerhetsmyndigheten (SSM), Forsmarks Kraftgrupp (FKA),
Regionforbundet i Kalmar l1&n, Miljororelsens karnavfallssekretariat (Milkas),
Miljoorganisationernas karnavfallsgranskning (MKG), Sveriges Energiféreningars
RiksOrganisation (SERO), Alands Natur och miljé (ANOM).
SKB: UIf Henricsson (motesledare), Saida Ladrouchi Engstrom, Mikael Gontier,
Allan Hedin, Inger Nordholm, Olle Olsson, Erik Setzman och Magnus Westerlind.
Lars Birgersson och Sofie Tunbrant (sekreterare).
Innehall
1 MOtets OpPNade 0CH SYFLE. ..o s 2
2 Sakerhetsanalysens roll | MIKBIN.......ccooi it 2
3 LA&gesrapport — sakerhetsanalySen SR-SIte ..........cccuiiiiiiiiiiiiiess e 3
4 Fragor 0CN diSKUSSION .........c.cuiiiiieiieiieiieicceee ettt ettt se st es sttt re e ssanas 4
LI N V] 111 0¥ oo SRS 14
Bilagor:

A. Sammanstallning av inkomna fragor och synpunkter samt SKB:s kommentarer.
B. Erik Setzmans presentation

C. Allan Hedins presentation

D. Material éverlamnat av Milkas

E. Bilder visade av Milkas

Svensk Karnbranslehantering AB
Box 250, 101 24 Stockholm

Besoksadress Blekholmstorget 30

Telefon 08-459 84 00 Fax 08-579 386 10
www.skb.se

556175-2014 Sate Stockholm
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1 Motets 6ppnade och syfte

Erik Setzman hélsade alla valkomna och héll en kort inledning om de avslutande samraden och
kvéllens tema. Erik informerade om att detta &r det sista samradstillfallet enligt miljobalken och
att det ar mojligt att inkomma med synpunkter och fragor fram till den 17 maj 2010, se bilaga B,
bild 1-5.

UIf Henricsson introducerades som motesledare.

Justeringspersoner: Marie Berggren och Hans Jivander, bada fran Osthammars kommun,
utsags av motet till justeringspersoner.

Kommentar: (Milkas) Jag foreslar att man hittar ett battre satt att dokumentera motet. Jag
éverlamnar harmed en Milkasrapport fran forra motet. | den beskrivs motet pa ett annat satt 4n
vad som framgar i SKB:s protokoll, man kan till exempel se vem som har sagt vad. Eftersom
SKB har egna kameror har ikvall foreslar jag att man spelar in motet.

(Milkas éverlamnade Karnavfallsnytt nr 1/2010 till sekretariatet, se bilaga D.)

Svar: SKB har inte for avsikt spela in hela motet. Inspelning kommer endast att ske av Allan
Hedins framtradande, for att anvandas i SKB:s interna arbete. Det &r alltid mojligt att [amna
synpunkter pa SKB:s protokoll och métet har utsett personer som kommer att justera
protokollet fran kvéllens mote.

2 Séakerhetsanalysens roll i MKB:n

Erik Setzman presenterade hur langsiktig séakerhet har tagits upp i samraden och
miljokonsekvensbeskrivningen, MKB:n, samt sdkerhetsanalysens och
miljokonsekvensbeskrivningens plats i ansdkningarna enligt miljébalken och kérntekniklagen,
se bilaga B, bild 6-14.

Fraga: (MKG) Ska SR-Site dven lamnas till miljodomstolen?
Svar: (SKB) Ja, sékerhetsredovisningen inklusive SR-Site och dess huvuddokument kommer
att 1amnas till miljodomstolen, i provningen enligt miljébalken. Om miljédomstolen behdver ta

del av ytterligare dokument kommer dessa att finnas tillgangliga och vi kommer att [dmna den
informationen de anser sig behova.

Fraga: Kommer underbilagorna till sékerhetsredovisningen endast att lamnas med KTL-
ansokan?

Svar: (SKB) Ja, den kompletta sékerhetsredovisningen lamnas in med KTL-ansokan, men de
centrala delarna kommer dven att lamnas med miljobalksansokan till miljodomstolen.

Fraga: (Milkas) Det vore bra med en sammanfattning av vilka delar av sakerhetsredovisningen

som redan &r klara och vilka som aterstar.

Svar: (SKB) Allan Hedin kommer att redogdra for detta i sin presentation.

Svensk Karnbranslehantering AB

2 (14)
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3 Lagesrapport — sakerhetsanalysen SR-Site

Allan Hedin presenterade bakgrund och syfte med analysen av den langsiktiga sakerheten, SR-Site
samt nagra preliminara resultat, se bilaga C.

Fraga: Det star BP pa kartbilden (bild 6). VVad betyder detta?

Svar: (SKB) Before Present.

Fraga: (MKG) Galler slutsatserna i SR-Can betraffande istider bade fér Forsmark och Laxemar
(bild 14)?

Svar: (SKB) Ja.

Fraga: (MKG) Ni sager att smaltvatten kan tranga ned till forvaret, men inte syre. Ar det
mikrober som kommer att forbruka syret?

Svar: (SKB) Syret kommer framfor allt att forbrukas vid reaktioner med mineraler i
berggrunden.

Fraga: (SERO) Ni séager att vattnet inte innehaller syre. Bestar inte vatten av syre?

Svar: (SKB) Vatten &r ju H,0 (tva vateatomer och en syreatom), men det som avses &r syrgas

(O,) som ar I6st i vatten. Hur mycket syre som ar I6st i vatten styrs vid ytan nagot forenklat av
luftens jamvikt med vatten.

Fraga: (SERO) Vilka nuklider handlar det om, uran, plutonium? Var harstammar de ifran?
(bild 15)

Svar: (SKB) Det handlar om valdigt manga nuklider, de flesta med korta halveringstider. De
nuklider som kan ge upphov till skador har halveringstider pa 10 000-tals till 100 000-tals ar.

Nuklider med langa halveringstider ar bland annat jod-129, som uppstar vid fission av uran,
och har en halveringstid pa 15 miljoner ar. Det finns dven nuklider som vi i princip aldrig blir
av med, till exempel uran-238, som har en halveringstid pa 4,5 miljarder ar. Uran-238
sonderfaller i 14 steg till stabilt bly-206. | den sonderfallskedjan bildas bland annat radium-226
som en mellanprodukt. Radium har sadana egenskaper att det ganska enkelt slinker igenom
barridrerna.

Fraga: (SERO) I sonderfallskedjan finns polonium, som har en kort halveringstid, men dven
plutonium, americium och curium. Kommer de att rora sig darnere?

Svar: (SKB) Americium och curium kommer att finnas till att bérja med, men férsvinner
relativt fort. Plutonium-239 har en halveringstid pa 24 000 ar och férsvinner inte sa fort.

Svensk Karnbranslehantering AB
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Fraga: (SERO) Hur mycket plutonium innehaller avfallet? Nagon procent?

Svar: (SKB) Ungefar sa, det beror dock pa hur reaktorn har korts.

Fraga: Vad ar det for tidsplan for ansékan om drifttillstand (bild 20)?

Svar: (SKB) Enligt nuvarande planering ska ansokan om tillstand for provdrift lamnas in till
Stralsakerhetsmyndigheten omkring ar 2023 och darefter kravs tillstand for rutinmassig drift.

4 Fragor och diskussion

Fraga: Vad sager finlandarna om SKB:s slutsatser gallande langsiktig sakerhet (bild 22-24)?
Gor de andra beddmningar én SKB?

Svar: (SKB) I Finland brottas man med samma fragestéllningar som vi gor pa SKB. De har
inte genomfort nagon sékerhetsanalys motsvarande SR-Site pa senare tid. De tittar pa en variant
av KBS-3-metoden med horisontellt deponerade kapslar, istéllet for vertikalt deponerade som
&r SKB:s huvudalternativ. Deras bedémningar, till exempel vad géller bufferterosion, baseras
delvis pa annat underlag. De har dock full tillgang till allt vart underlag och jag forestéller mig
att de kommer att komma till samma resultat som vi.

Fraga: Du pratar om de storsta jordbavningarna som bedéms kunna intréffa i Forsmark. Hur
kraftiga ar dessa (bild 24)?

Svar: (SKB) De har en magnitud mellan 5 och 6.

Fréaga: Ar riskkriteriet detsamma i Finland som i Sverige, det vill siga en p& miljonen?

Svar: (SKB) I Finland har man annan lagstiftning, som innebdr begrénsning i utslapp. De har
saledes en annan typ av kriterium, men det &r satt pa ett sadant satt sa att det blir ungefar
jamforbart med vart. Det pagar en uppdatering av lagstiftningen gallande detta i Finland.

Fraga: (SERO) Jag har en fraga med tanke pa radioaktiviteten i sedimenten i vattenomradet
utanfor Forsmark. | MKB:n framgar att ni kommer att ta ut cirka 50 000 kubikmeter
spréngstensmassor vid piren. Schaktning och schaktmassor kommer via
vattendranage/avrinning att transportera radioaktiva amnen fran land till vattenomradet utanfor,
som redan &r radioaktivt férorenat. Cesium, kobolt, strontium med mera kommer att frigéras.
Det kommer ocksa att frigoras radioaktivitet i berget vid krossning och fran bergupplaget. Hur
har ni tdnkt hantera detta? Har man gjort efterforskningar efter Tjernobyl?

Svar: (SKB) I MKB:n finns information och tydliga beskrivningar om hur vi kommer att
hantera massorna och de eventuella problem som kan befaras. Massorna bedémer vi kunna
hantera utan problem och hanteringen av radon i slutférvarsanlaggningen &r en
arbetsmiljofraga, men finns dnda beskriven i MKB:n.

Svensk Karnbranslehantering AB
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Fraga: (Osthammars kommun) Det har samradet &r ett ytterligare tillfalle att diskutera
sékerhetsanalysen, med mojligheter att Iamna synpunkter fram till 17 maj. Har det tillkommit
nagon ny information eller nya fragestallningar utéver vad som presenterades i SR-Can?

Svar: (SKB) Sékerhetsanalysen och MKB:n kopplar till varandra, som Erik Setzman just har
beskrivit. Vi har haft samradsmoten med preliminar sékerhetsanalys (SR-Can, 2007) respektive
preliminar MKB (februari 2010) som underlag. Slutsatserna fran SR-Site kommer att arbetas in
i det slutliga MKB-dokumentet. Det har inte tillkommit nagra ytterligare fragestallningar an de
som hittills har hanterats och belysts.

Fraga: (MKG) SKB (Erik Setzman) framforde tidigare att fragan om langsiktig séakerhet varit
en viktig del av samradet. Miljororelsen anser att den borde ha lyfts fram mer. Vi kan
konstatera att vi har helt olika bild av hur denna fraga har hanterats i samradet. Vi har en hel del
kvarstaende synpunkter och fragor géllande den langsiktiga sakerheten.

Svar: (SKB) Att vi har samratt om den langsiktiga séakerheten och haft med denna fraga pa
samradsmotena framgar av tidigare samradsprotokoll. Vi har fatt manga synpunkter och fragor
genom aren, som vi ar mycket tacksamma for, och vi anser att vi har samratt och haft en
mycket givande dialog kring denna fraga. Under 2007 var sékerhet och stralskydd tema for ett
samradsmote.

Jag uppfattar din fraga nu som: Finns det och har det funnits mojlighet att lamna synpunkter
och fragor gallande analyserna av den langsiktiga séakerheten? Det har det gjort och det gor det.
De prelimindara resultaten finns redovisade i SR-Can, som myndigheter, berérda kommuner,
miljoorganisationer och andra aktorer har haft mojlighet att limna kommentarer pa. Resultatet
fran myndigheternas (SKI och SSI) granskning av SR-Can har avrapporterats.

Fraga: (MKG) Det har flera ganger sagts att den langsiktiga sikerheten ar den viktigaste
fragestallningen for miljoprovningen. Min bild att &r vi ska samrada om alla delar av den
langsikta sdkerheten. Eftersom ni inte vill ha ytterligare samrad om den langsiktiga sakerheten
ar det viktigt att fora den hir dialogen har och nu. Ar det inte viktigt for er att undvika en
diskussion om SR-Site i prévningen av ansokningarna? Det &r angelaget bade for myndigheten
och for oss. Jag har till exempel &nnu inte sett hur SKB hanterar kopparkorrosionen.

Svar: (SKB) Det ar SKB som ansvarar for att lagga fram teman for samraden i samarbete med
ber6rda parter/aktorer. Vi har presenterat forslag pa olika teman i god tid for att mojliggora for
alla berérda att framféra sina synpunkter. SKB har inte pa nagot satt forsokt undvika vissa
delar. Allan Hedins presentation i dag visar detta. De som har synpunkter, har moéjlighet att
lamna dessa. Sa har det varit under alla ar samradet pagatt. Samtliga synpunkter och fragor har
tagits omhand och finns med i vara protokoll. Vi ar mycket tacksamma for alla era synpunkter
och kommentarer.

Fraga: (MKG) Vi har haft manga synpunkter och SKB har bara hanvisat till SR-Can. Vi har
stallt manga nya fragor och lamnat manga synpunkter sedan 2007, da SR-Can publicerades.
Hur har dessa hanterats? Ar det inte méjligt att fa ta del av en preliminar version av SR-Site?
Att samrada om den? Det skulle, som jag ser det, gynna processen om vi far se den innan
ansokningarna lamnas in. Annars riskerar ni att prévningen av ansékningarna drar ut pa tiden.

Svensk Karnbranslehantering AB



1253746 - Allmant samradsmote i Osthammar 3 maj Oppen 1.0 Godkant 6 (14)
2010

Svar: (SKB) Jag delar din asikt om att det &r bra att fa synpunkter och det har vi fatt. Vi har
haft manga moten med berérda myndigheter och kommuner inom ramen for MKB-forum i
Oskarshamn och Samrads- och MKB-grupp Forsmark. Flertalet av dessa har varit 6ppna for
allmanheten. Vi har presenterat en preliminar MKB, samratt om den och kommer att arbeta in
de kommentarer och synpunkter som vi har fatt och sedan lamna in den slutliga versionen med
ansokningarna. Vi kommer inte att samrada om den slutliga versionen. Detsamma galler for
analysen av den langsiktiga sékerheten. Vi har presenterat en preliminar version, SR-Can, som
bland annat var underlag for samrad, arbetat in de synpunkter vi fatt och lamnar in den slutliga
versionen med ansokningarna. Vi sétter véarde pa de synpunkter vi fatt fran olika aktorer och
vill fa en smidig prévning av vara ansokningar.

Fraga: (SERO) I nulaget 6kar vi kapaciteten i vara karnkraftverk, da vi genomfor
effekthdjningar med 20-30 procent och ingen vet hur reaktorerna kommer att reagera. Det vi
vet ar att vi inte kan oka trycket eller temperaturen, utan effekthojningen maste ske genom att
hoja angflodet. Da kommer branslet att utséttas for kraftigare vibrationer, vilket ger mer skadat
bransle att ta hand om. Det innebar ocksa att branslet kommer att innehélla mer vatten an de
600 milliliter som ndmns i MKB-rapporten.

Jag fick lara mig redan tidigt i skolan att "sla aldrig en jarnspik i koppar”. Har ska koppar
hanteras tillsammans med stal och i narvaro av bade radiolys och varme. Det leder till
uppkomst av spaltgaser. Det finns ett tyskt patent som léser problemen med spaltgaser, som jag
redovisade i de dokument som dverlamnades under férra motet (6 februari 2010).

Szakalos (KTH) har belyst__frégan om den kemiska paverkan inne i kapseln. Vad blir paverkan
vad galler helium/vétgas? Ar detta hanterat?

Effekthojningen innebar att vi far ett bransle med hogre restvarme och som maste mellanlagras
langre tid i Clab. Ni sager att man ska anvanda kompaktkassetter, vilket maste vara helt fel.
Avstandet mellan bransleelementen borde istallet 6kas.

Borskdlden ska anvéndas i Clab enligt SSM, stdimmer det?

Svar: (SKB) Jag rekommenderar att du l&ser ”Brénslelinjerapporten”, néar den blir tillganglig.
Dar beskrivs branslets 6den och dventyr innan det placeras i kopparkapslarna. Dér framgar
vilka bransletyper vi ans6ker om. Vi har aven tagit med och redogjort for konsekvenserna av
effekthéjningarna. Aven den dkade heliumproduktionen ingar i forutsattningarna. Jag vill
fortydliga att vi inte tillgodoréknar oss brénslets kapslingsrér som barriér.

Det ar riktigt att ett bransle som korts pa hogre effekt utvecklar mer varme, men vi staller krav
pa vilken varmeeffekt som far finnas i kapseln. Branslet ska torkas och vattenmangden som
foljer med branslet kontrolleras. De 600 milliliter, som du ndmnde, &r den 6vre gransen.

Fortydligande fran FKA: En effekth6jning innebér inte att man hojer effekten i enskilda
bransleelement, utan man hojer effekten Gver harden. Det blir alltsa ingen forandring av den
kravbild som finns for anvént karnbréansle i dag. Andringar av utbranningen av branslet sker i
samforstand med SKB. Det finns inget som séger att effekthdjningen kommer att oka antalet
bransleskador. Vi har redan nu fa bransleskador och arbetar standigt for att minska dessa.

Fraga: (ANOM) Jag har ménga fragor, men min huvudpunkt &r att jag h&ller med MKG om att
det skulle vara battre for oss alla om vi hade mojlighet att fa lamna synpunkter pa SR-Site. Det
vore bra om mer information kunde goras tillganglig snabbt, till exempel genom att lagga ut
presentationerna som visats och videon pa SKB:s hemsida.

Svensk Karnbranslehantering AB



1253746 - Allmant samradsmote i Osthammar 3 maj Oppen 1.0 Godkant
2010

Svar: (SKB) Presentationen ar en del av protokollet fran samradet och kommer att laggas ut pa
webbplatsen. Du kan ocksa lamna dina synpunkter och fragor skriftligen fram till den 17 maj,
sa kommer dessa med i protokollet fran samradsmotet.

Kommentarer: (ANOM) Det &r svart att Idmna synpunkter pa nagot som jag inte har last.

Fraga: (ANOM) Om ni stéter p& problem i Forsmark, maste ni i s fall géra om
sékerhetsanalysen SR-Site for Laxemar?

Svar: (SKB) Underlaget racker inte, eftersom SR-Site endast omfattar Forsmark maste nya
analyser goras for Laxemar.

Fraga: Jag har fatt uppfattningen, av det som star i MKB:n, att Laxemar ar ett alternativ.

Svar: (SKB) Vi har valt Forsmark och kommer i ansékningarna att argumentera for Forsmark.
Miljédomstolen kan séga nej till Forsmark, men kan inte krava att vi ska férlagga forvaret i
Laxemar.

Fréga: (ANOM) SSM:s riskkriterium p& 107 rdknas om till dos. Forskning om konsekvenser
av lagdosstralning pagar. Hur hanteras kunskapsutvecklingen under driftskedet? Hur gér ni om
kriteriet &ndras till foljd av nya forskningsresultat?

Svar: (SKB) Omrakningen fran dos till risk ar reglerad i SSM:s foreskrift. ICRP lagger fast hur
detta ska goras.

Fraga: (ANOM) SKB har inte gjort ndgon egen analys?

Svar: (SKB) Nej, SSM:s foreskriver hur omréakningen fran dos till risk ska géras. For att ge
perspektiv pa detta kan man paminna om att vi alla standigt utsatts for en naturlig bakgrunds-
stralning och att man satter dos- och riskgranser i relation till denna. Alla dosgranser satts langt
under dosen fran den naturliga bakgrundsstralningen.

Fraga: (MKG) Jag aterkommer till ssmma fraga: Har ni nagon plan for hur ni ska géra om
ICRP skarper dosgransen eller om SSM andrar foreskriften? Skulle detta innebéra att nytt
tillstand kravs?

Svar: (SKB) Om myndigheter andrar féreskrifterna maste vi naturligtvis anpassa oss till detta.
Om vi redan har ett tillstand behéver lagstiftaren ange hur man ska forfara med en eventuell ny
grans. Det &r en juridisk fraga.

Fraga: (MKG) Vad &r tidsplanen for branslelinjerapporten och referenserna till SR-Site? Finns
det nagra planer for att presentera nagra av de pagaende arbetena innan ansékningarna lamnas
in?

Svensk Karnbranslehantering AB
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Svar: (SKB) Branslelinjerapporten ar under produktion. Nagra av referenserna ar publicerade,
exempelvis den platsbeskrivande modellen for Forsmark som publicerades i samband med
platsvalet. Huvuddelen av referenserna kommer att publiceras i samband med att ansdkningarna
ldmnas in.

Fraga: (MKG) Allan Hedin hanvisar till att vi ska lasa rapporterna i
anstkansdokumentationen. Det &r det som &r problemet for oss som arbetar med detta.
Rapporterna finns inte tillgingliga. Ar detta rimligt? Den langsiktiga sikerheten &r den
viktigaste fragan, 4nda ar den daligt behandlad i MKB:n. Som aktor kanns det inte som man
deltar i ett samrad nar dialogen sker pa detta sétt.

Svar: (SKB) Vi anser att vi har fatt manga bra synpunkter, kommentarer och granskningsfragor
betraffande analysen av den langsiktiga séakerheten, under lang tid, fran myndigheterna,
miljoorganisationerna, kommunerna och andra. Det &r flera ars inkomna synpunkter som vi har
arbetat med. Alla granskningsfragor fran SR-Can kommer att besvaras. De som ar kvar har vi
tagit hansyn till i vart arbete. Vi ska inte samrada om en slutlig produkt. Vi samrader om
pagaende arbete. Samrad ska leda fram till en slutlig produkt, som ska granskas.

Fraga: (ANOM) Det kénns inte som att vi har haft mojlighet att 1amna alla synpunkter som vi
vill, eftersom vi inte har kunnat ta del av alla dokument. Det kommer darfor att komma manga
synpunkter under prévningstiden. Vi vill inte samrada om den slutliga ansokan, vi vill samrada
om en preliminar SR-Site. Om ni hade ett samrad, ett sista om den preliminara versionen av
handlingarna som kommer att ga med ansokningarna, skulle vi slippa detta. Hur kan Esbo-
samradet ha slutliga produkter - MKB och SR-Site — som underlag?

Kommentar: (MKG) Jag instammer.

Svar: (SKB) Omfattningen av Esbo-samradet ar inte i narheten av den granskning som
kommer att ske i Sverige.

Vi vill ha synpunkter och vi ar tacksamma for de vi far. Vi vill lagga fram en ansékan som vi
kanner kan fa samhéllets acceptans. Din synpunkt, att vi inte har haft nagot fullstandigt samrad,
delar vi inte.

Fraga: (SERO) Jag har pratat med Oddbjoérn Sandervag pa SSM som sager att om man tar
fram nya bransleelement och okar utbranningen sa 6kar risken for haveri.

Jag vill aterkomma till att vi okar riskerna med lagringen i Clab i och med effekthojningen. Hur
lang tid tar det att ordna reservpumpar? Hur kommer ni att klara ett haveri vid karnkraftverket
med tanke pa att Clab ligger endast cirka 700 meter fran reaktorerna? Facket kommer inte att
tillata att ni skickar in folk i kontaminerade omraden.

Svar: (SKB) Clabs driftchef berattade vid senaste samradsmatet i Oskarshamn (9 februari
2010), att man klarar elbortfall i Clab i cirka atta veckor. Detta framgar dven i
driftsékerhetsrapporten foér Clab.

Bransle som placeras i en kapsel maste ha en begransad resteffekt. De planerade
effekthojningarna ingar i vara berakningar.
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Fraga: (Milkas) Finns olika sorts samrad? Dels som detta méte, dels i form av en annan
dialog?

Svar: (SKB) Det finns samrad enligt 6:e kapitlet i miljobalken, som dagens mote. Vi bjuder in
till dessa méten bland annat via annonser i tidningar i berérda kommuner. Sedan bedriver SKB

och SSM samrad enligt ett regeringsbeslut och slutligen har vi — genom Naturvardsverket —
samrad med landerna runt Ostersjon enligt Esbo-konventionen.

Fraga: (Milkas) Vi 6nskar att samradet ska vara en dialog om det underlag som ska inga i
ansokningarna. Vi ser detta mdte som ett informationsméte. Om vi ska kunna ha en diskussion
maste vi fa tillgang till underlagen.

Det ar svart att forsta vad som redan har gjorts och vad som ska goras. Ni har sagt att ett forvar
vid Forsmark uppfyller riskkriteriet. Betyder det att analyserna &r klara?

Svar: (SKB) Analyserna ar inte klara, de pagar fortfarande. Jag har gett en lagesrapport och
presenterat preliminéra slutsatser.
Fraga: (Milkas) Nar far vi ta del av hur ni kommit fram till dessa slutsatser?

Svar: (SKB) Det kommer att framga i ansékan.

Fraga: Den ar alltsa nagot som ni inte kommer att samrada om?

Svar: (SKB) Nej. Det & samma svar som tidigare: Vi samrader inte om en slutlig produkt.
Samrad ska leda fram till en slutlig produkt, som sedan ska granskas.

Jag uppmanar er alla att stalla fragor till var expert pa sakerhetsanalys som &r med i dag. Ni har
bett om detta extra samrad, ta nu chansen och stéll alla era fragar.
Milkas dverlamnade dokument, se bilaga D och visade bilder, se bilaga E.

o Bild: The size relationship between a sweat pore (the large circle) and an alpha
emitting particle (the small dot in the middle of the circle).

Fraga: (Milkas) Tar ni hansyn till att alfapartiklar kan komma in i kroppen? Kroppen é&r full av
svettporer, dar det ar valdigt latt for dessa partiklar att komma in kroppen och orsaka
hudcancer.
Svar: (SKB) Vi beraknar konsekvens av straldoser utifran ICRP:s regler och SSM:s
foreskrifter.
e Bild: Liining, Maria. 2005-11. Utslapps- och omgivningskontroll vid de karntekniska
anlaggningarna 2002-2004. Bild 1-2.

Fraga: (Milkas) Hur raknar ni ut bakgrundsstralningen?

Svar: (SKB) Vi rdknar inte ut den utan anvéander oss av ett ungefarligt varde av en millisievert
per ar, vilket ar ett genomsnitt i Sverige.
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Fraga: (Milkas) Under normal drift av karnkraftverken slapper man ut radioaktiva amnen. Tar
ni hansyn till detta nar ni beraknar bakgrundstralningen? En millisievert per ar ar val ett
genomsnitt? Ar det verklighetsférankrat?

Svar: (SKB) Bakgrundsstralning som vi utgar fran ar verklighetsforankrad. Det finns ingen
métbar forhojd bakgrundsstralning runt karnkraftverken.

Fortydligande: (FKA) Verksamheten vid kdrnkraftverken lyder under den lagstiftning som
finns och de regler som SSM faststaller. Utslappen ligger langt under faststéllda gransvarden
for dos till kritisk grupp. Det finns ingen mojlighet att det skulle kunna ge nadgon matbar
paverkan pa bakgrundsstralningen.

Kommentar: (Milkas) Jag tror inte pa detta!
Svar: (SKB) Vi lever i en réattsstat. L&gg fram din sak for myndigheten.

¢ Bild: Liining, Maria. 2005-11. Utslapps- och omgivningskontroll vid de karntekniska

anlaggningarna 2002-2004. Bild 3.

Fraga: (Milkas) ICRP tar inte hansyn till vilken isotop som kommer till vilken del av kroppen.
Svar: (SKB) Jo, det ar just vad vi gor i vara analyser. Vi tar hansyn till var isotoperna ansamlas
i kroppen. Nér vi till exempel analyserar kapselskador, raknar vi pa specifika isotoper som
uppkommer just vid kapselskador, hur de kan transporteras upp till ytan, in i kroppen och till
vilka kroppsdelar.
Fraga: (Milkas) Kan jag fa tillgang till denna information? Finns den pa hemsidan?
Svar: (SKB) Samma information finns i SR-Can. Vi har forskat, utvecklat och analyserat kring
KBS-3-metoden i ett par decennier. Det finns ingen mojlighet att vi skulle kunna hénvisa till

allt underlag som finns, men vi har informationen.

Kommentar: (Milkas) SKB skulle kunna hanvisa till vilken information man hittar var pa
hemsidan.

Det &r viktigt att man tar sig tid att se vad oberoende forskare kommit fram till. Jag har en bok
— A primer in the art of Deception, som jag tycker ni ska l&sa. (Information om boken
Overldmnades, se bilaga D.)

¢ Bild: Kommunenes Internasjonale Miljgorganisasjon — KIMO
www.kimointernational.org
Fraga: (Milkas) Har ni haft kontakt med Local Authorities International Environmental
Organisation — KIMO ("kommunernas internationella miljéorganisation™)? Har ni inhamtat

deras synpunkter pa transporter av anvant karnbransle pa Ostersjon?

Svar: (SKB) Nej, men SKB transporterar redan i dag anvént karnbrénsle med m/s Sigyn.
Transporterna foljer myndigheternas krav och foreskrifter.

Svensk Karnbranslehantering AB
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Fraga: (ANOM) Som jag forstar kommer det flera sakerhetsanalyser efter SR-Site. Till
exempel infor ansokan om drifttillstand, da man vet mer om berget. Detta kan jamforas med
processen i Finland dar man forst tar sig ned i berget och sedan far tillstand. Hur ser ni pa hur
man gor i Finland? Har det diskuterats?

Svar: (SKB) Historiskt var tanken att gora pa samma satt i Sverige och borja med ett
berglaboratorium for att darefter ansoka om att fa deponera kapslar med anvént karnbransle.
Men den svenska lagstiftningen andrades, sa nu ar man tvungen att ha tillstand innan man tar
sig ned i berget. Nar man val borjar ta sig ned i berggrunden binder man upp mycket pengar.
Det vore alltsa kostsamt att ta sig ned i berggrunden, genomféra undersokningar och darefter
riskera att inte fa tillstand att forlagga slutforvaret dit. Svensk och finsk lagstiftning skiljer sig
at.

Fraga: (MKG) Jag vill aterkomma till den langsiktiga sékerheten. De forsta 1 000 aren ar
speciellt viktiga. Da ar kapslarna varma och aktiviteten ar hog, vilket kan ge allvarliga
konsekvenser om nagot skulle handa. Har ni ndgot “worst case”-scenario for de forsta 1 000
aren, om nagot skulle ga fel?

Det vore vardefullt att fa ta del av ert tankande i forvag, till exempel om vad som kan handa
under de forsta 1 000 aren, och kunna aterkoppla innan prévningsprocessen startar. Ett exempel
ar det som KTH-forskarna framfért om kopparkorrosion. De menar att kapslarna skulle kunna
korrodera sonder inom 1 000 ar i vatten som saknar lost syre. Hur kan ni, med den kunskap ni
fatt bland annat fran LOT-forsoken, pasta att inga kapslar kan ga sonder under de 1 000 forsta
aren? Hur formedlar ni resultaten fran LOT-forsoken sa att alla kan lara sig utifran dessa? Hur
tanker ni gallande KTH-forskarnas resultat? Jag vill kunna aterkoppla till KTH-forskarna.

Svar: (SKB) Det finns "what-if”-analyser for de 1 000 forsta aren. Redan i SR-Can
analyserades ett tankt scenario: Vad h&dnder om en kapsel &r otdt redan vid deponering? Vi
kommer dock att argumentera for att det inte kommer att finnas nagra sadana kapslar.

Hur gor vi med pastaendena om kopparkorrosion? Vi har gjort en ”what if”-analys utgaende
fran det som KTH-forskarna framfor. Det finns dock en gréns for korrosionsprocessen, om den
forekommer, som bestdms av hur snabbt den vétgas som bildas kan transporteras bort. Under
de forsta 1 000 aren &r volymen dar vatgas kan ansamlas begransad och kan uppskattas.
Dérmed kan méngden koppar som kan korrodera beréknas. Resultaten visar att endast en
brakdel av kapseln kan korrodera bort. Det &r det huvudsakliga angreppsséttet.

KTH-forskarna baserar sina pastaenden pa laboratorieforsok, dar korrosionsprocessen inte
begréansas av hur snabbt bildad vétgas transporteras bort. Man har alltsa inte tagit hansyn till
forhallandena pa forvarsniva. Vi har tagit hansyn till att bergets kapacitet att transportera bort
vatgas ar begransad under verkliga forhallanden i ett forvar.

Fraga: (MKG) Vad ar det som begransar volymen dar vatgas kan ansamlas?

Svar: (SKB) En bit ut i bergen rader vattenmattade forhallanden, dar gar gransen.

Fraga: (MKG) Ar inte vatgas l6sligt i vatten?

Svar: (SKB) Jo, men transportegenskaperna ér begransade.
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Kommentarer: (MKG) Det har resonemanget kommer alltsa att redovisas i SR-Site. Jag ska
forsoka beskriva detta for KTH-forskarna.

(SKB) Aven SKB har haft méten med KTH-forskarna for att diskutera detta.

Fraga: (Osthammars kommun) Kan forvaret innebira en risk for narboende? Hur definieras
narboende? Det vill séga, var gar gransen for att fa raknas som narboende? | en av bilderna
(bild 15) framgick att metoden for berakning av spridning av radionuklider i biosféaren inte var
fardigutvecklad i SR-Can. Ar den det nu?

Svar: (SKB) Begreppet ndrboende bestams av hur radionuklider sprids i biosfaren. Det &r
ingen fysisk grans, utan man tittar pa spridningen for att hitta de omraden dar koncentrationen
kan bli som storst.

Den andra fragan gallande biosfarsmodellen. Har vi nu tillracklig kunskap? Ja, det anser vi.
Sammanstéllning av material pagar. Vi ser fram emot att presentera resultaten och fa dessa
provade.

Fraga: (Osthammars kommun) Ar det mgjligt att fa ta del av sjalva modellen?

Svar: (SKB) Dokumentationen av den utveckling av modellen som skett sedan SR-Can blir
inte klar forran ansokningarna lamnas in. Det blir alltsa mgjligt att ta del av den inom
prévningen.

Fraga: (MKG) Jag funderar dver beskrivningen av hur vétgas transporteras. Ni har pagaende
experiment i Aspd, LOT-projektet. Ni tog upp ett paket i bérjan av &r 2006. Nar ska ni ta upp
det andra paketet — LOT-S2? Det kan ge kunskap om kopparkorrosion och hur vétgas
transporteras.

Svar: (SKB) LOT-forsoket &r inte utformat for att man ska kunna mata kopparkorrosion eller
vatgasutveckling. Fran laboratorieforsok, till exempel de som utforts pd KTH, vet vi att det ar
valdigt sma mangder vatgas som bildas, sa sma mangder att de inte skulle kunna ga att spara i
LOT-forsoken.

Fraga: (MKG) SKB sager att den korrosion som sker huvudsakligen beror pa sulfider. Har ni
visat detta i laboratorieforsok eller i Aspd? Vad sédger att detta stimmer?

Svar: (SKB) Det gar inte att studera med LOT-forsoken. Vi har daremot gjort det i
"tradforsoken”, forsok med tunn koppartrad i syresatt vatten. Efter att syret forbrukats
avstannade korrosionen.

Fraga: (MKG) Finns detta avrapporterat? Da vill jag garna ha rapporterna.
Svar: (SKB) Jag tror du redan har dem eftersom de ingick i underlaget till det seminarium om
kopparkorrosion som Karnavfallsradet ordnade i november 2009. Jag skickar anda rapporterna

till dig. (Fortydligande tillagt efter motet. Allan Hedin skickade tva artiklar till
Johan Swahn, MKG:
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e Betova et al. Application of an One-line Probe and a Reference Electode for
Copper Corrosion Studies in Repository Conditions. Mat. Res. Soc. Symp. Proc.
Vol. 807 © 2004 Materials Research Society

e Bojinov et al. Corrosion of Copper in 1 M NaCl under Strictly Anoxic Conditions.
Mat. Res. Soc. Symp. Proc. Vol. 807 © 2004 Materials Research Society)

Kommentar: (SKB) | férsdket minskar korrosionshastigheten varefter syret forbrukas.
Resultaten fran forsoket kan dock inte anvandas for att otvetydigt argumentera mot KTH-
forskarna, vilket inte heller var syftet med forsoket. Vi forsatter dock vara studier, vilket dven
andra experter gor. Baserat pa det underlag vi sett hittills, tycker vi dock inte att det finns skal
att anta att processen forekommer.

Kommentar: (MKG) Det maste vara ett slutet system.

Fraga: (SERO) Karsten Pedersen forskar om cyanobakterier, det finns mer an 200 arter.
Cyanobakterier, som aven finns pa stora djup i berggrunden, bildar véatgas.

Svar: (SKB) Det &r jattebra om bakterierna bildar vétgas, eftersom det innebér att
korrosionsprocessen avstannar. | var analys utgar vi fran att det inte finns vatgas i berget. Om
det finns ar alltsa gynnsamt.

Fraga: (ANOM) | berakningarna av kopparkorrosion forutsétter ni att det bara finns ett visst
utrymme for vitgas, vilket innebér att bara en viss mangd koppar kan korrodera. Har ni utgatt
fran ett medeltal for alla kopparkapslar? Eller att endast vissa kapslar producerar vatgas?

Svar: (SKB) Vi har varit valdigt forsiktiga i var analys. Vi har inte spritt ut utrymmet pa alla
kapslarna, men inte heller antagit att en kapsel far allt utrymme.

Fraga: (ANOM) Det finns en risk for att framtida generationer tar sig ned i forvaret, vilket kan
leda till att barridrerna forstors.

Svar: (SKB) I SR-Can finns ett scenario som behandlar oavsiktliga intrang. Vi har tittat pa vad
det skulle ge for konsekvenser for barriarerna och for de som gor sjélva intranget. Det ingar
som en del av sékerhetsanalysen, enligt krav i SSM:s foreskrift.

Fraga: (MKG) Nar ska LOT-S2 tas upp? Innan eller efter ansokan?

Svar: (SKB) Det finns inga omedelbara tankar pa att ta upp det, sa det blir efter ansékan.
Darefter kommer det att ta flera ar att géra analyser och avrapportera forsoket.
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5 Avslutning

Erik Setzman tackade for framf6rda synpunkter och pAminde om att métet haller Sppet till den

17 maj. De synpunkter och fragor som framf6rs fram tills dess kommer med i protokollet fran
detta mote.

Vid protokollet

Sofie Tunbrant

Lars Birgersson
Svensk Kérnbrénslehantering AB

Svensk Kérnbrinslehantering AB

e,

Justeras
iz

Marie Berggren

?V Hans Jivander

Justerarens uppgift har varit att justera anteckningarna fran samradsmotet om sikerhetsanalysens roll i

MKB:n den 3 maj, det vill sdga kapitel 1-5 i detta dokument inklusive bilagorna B, C och E.

Svensk Kéarnbranslehantering AB
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BILAGAB

Protokoll fran allmént samradsmoéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

Slutforvaring av anvant karnbransle

Sakerhetsanalysens roll i
miljokonsekvensbeskrivningen

Presentationer och samradsmote
3 maj 2010

Erik Setzman

1 Sakerhetsanalysens roll i MKB:n
3 maj 2010

Avslutande samrad

Samraden paborjades ar 2002 och avslutas ar 2010

* Preliminar MKB och vattenverksamhet

« 6 februari — Osthammar
« 9 februari — Oskarshamn

Manga synpunkter tog upp analysen av slutforvarets
langsiktiga sakerhet och dess roll i miljckonsekvensbeskrivningen

e Detta mote — 3 maj — Sékerhetsanalysens roll i MKB:n

* Fordjupad diskussion
» Mdgjligt att lamna synpunkter till 17 maj

Sakerhetsanalysens roll i MKB:n
2 3 maj 2010
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BILAGAB

Protokoll fran allmént samradsmoéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

Ansokningar — prévning — beslut

Ansokan KTL Slutférvarsanlaggning
Ansdkan MB  Slutférvarsanlaggning,
inkapslingsanlaggning och Clab
Ansokan KTL
Inkapslingsanlaggning och Clab

Villkor

Platsval

2006 2007 2008 2009 2010

Provning— Regeringsbeslut

KTL Kérntekniklagen
(Stralsakerhetsmyndigheten)

MB Miljobalken
(Miljddomstolen)

. Sakerhetsanalysens roll i MKB:n
h:' 3 3 maj 2010

Presentationer

« Sakerhetsanalysen i MKB:n — Erik Setzman
o Lagesrapport sékerhetsanalys — Allan Hedin

. Sékerhetsanalysens roll i MKB:n
K 4 3 maj 2010

e
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Protokoll fran allmént samradsmoéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

Motesledare

UIf Henricsson, tidigare lansrad och ordférande
i Samrads- och MKB-grupp Forsmark

Sékerhetsanalysens roll i MKB:n
5 3maj 2010

KBS-3-metoden

Kapslingsror ~ Anvant karnbransle Bentonitlera Ovanmarksdel

Urberg Undermarksdel

Branslekuts Kopparkapsel med
av urandioxid insats av segjarn

* Primar sakerhetsfunktion: Fullstdndig inneslutning
* Sekundéar sékerhetsfunktion: Foérdrojning

Sakerhetsanalysens roll i MKB:n
6 3 maj 2010

Sidan3av7
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Sakerhetsanalysens roll i MKB:n

Samrad 2003-2010
Teman — tid — antal moten

Tema Tidsperiod Antal méten
Avgransning, innehall och utformning av MKB  Nov 2003 — maj 2004 6
Lokalisering och utformning av slutférvar och Nov 2004 — juli 2005 4

inkapslingsanlaggning

Preliminar MKB for inkapslingsanlaggningen Nov 2005 — jan 2006 2
Metod, lokalisering, framtid Maj — aug 2006 4
Séakerhet och stralskydd Maj — juni 2007 2
Lokalisering, gestaltning och transporter Okt 2008 — feb 2009 2
Preliminar MKB for slutférvarssystemet Dec 2009 — mars 2010 4
Vattenverksamhet Dec 2009 — april 2010 2
Séakerhetsanalysens roll i MKB:n Maj 2010 1

30 moten med MKB-forum och Samrad- och MKB-grupp Forsmark varav 18 6ppna for allmanheten

. Sakerhetsanalysens roll i MKB:n
IJ:' 7 3 maj 2010

Langsiktig sékerhet i samraden

2003 — Avgransningsrapporterna, forslag pa
innehall i MKB:n

 tankbara scenarier

« slutsatser betraffande langsiktig sakerhet

« 2007 — Samrad med underlag: Sékerhet och stralskydd

 oOversiktlig beskrivning av SKB:s arbete med sdkerhet och
stralskydd, under driftskede och efter forslutning

» sammanfattning av SR-Can som bilaga

» 2010 — Samrad med underlag: Preliminar MKB
« beskrivs dversiktligt med utgangspunkt fran preliminara resultat

« Aterkommande fraga vid alla samradstillfallen
¢ 2008 — 2011 Esbo-samrad, med sakerhetsanalyser som underlag
HEE 3 Sakerhetsanalysens roll i MKB:n

3 maj 2010

Sidan4 av7
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Sakerhetsanalysens roll i MKB:n

Séakerhetsanalysens och MKB:ns
plats i ansOkningarna

Ansdkan enligt Ansdkan enligt
karntekniklagen miljobalken
(KTL) (MB)

Gemensamma bilagor

Sakerhets- Miljokonsekvens- Verksamheten och Metodval Platsval
redovisning | | beskrivning (MKB) de allmanna
SR-Site mm hénsynsreglerna
Underbilagor  Underbilagor Underbilagor Underbilagor
HEE 9 Sakerhetsanalysens r:;)lln:;}llnglg

Sakerhetsredovisning for slutforvaring
av anvant karnbransle

/ L&sanvisning \

Hur de tva huvuddelarna gransar till varandra och
deras inbérdes beroenden (tidsméssigt och i sak)
N e
‘ . o e _
SR-Drift SR-Site
Sékerhet under drift av Sékerhet efter forslutning

\ slutférvarsanlaggningen av slutférvaret /

[ Linjerapporter ]

. Stkerhetsanalysens roll i MKB:n
LI:' 10 3 maj 2010

Sidan5av7
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Sakerhetsanalysens roll i MKB:n

Underlag till SR-Site

SR-Site
Huvudrapport

Cirka 800 sidor,
oversatts till svenska

Huvudreferenser 16 stycken pa engelska

Egenskaper, Produktions Bransle och Buffert, Geosfar
handelser och rapporter kapsel aterfyllning och
processen forslutning
Klimat Biosfar Modellering Data Framtida Radionuklid
manskliga transport
handlingar

Ytterligare referenser

Cirka 80 stycken pa engelska

-

Sakerhetsanalysens roll i MKB:n
3 maj 2010

Sidan6av7

Séakerhetsanalyser

[S——
THoe0n

kg

Underlag

till MKB:n

Samrad

Miljikonsekvensheskriming

0. inkapsling och slutftirvaring
av anvint kimbrinske

Prefaminds version

Sakerhetsanalysens roll i MKB:n

Platsforutsattningar

Verksamheten
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Sidan7 av7

Samrad === Granskning

« Samrad 2002 — 2010
ME MB 6 kap 4 § "Samradet ska avse verksamhetens eller atgardens

lokalisering, omfattning, utformning och miljopaverkan samt
miljokonsekvensbeskrivningens innehall och utformning”

. Alla underlag som ingar i ansokningarna blir foremal for
@ granskning under provningsprocessen

4x  * Provning 2011 — 201X

Sakerhetsanalysens roll i MKB:n
13 3maj 2010

Langsiktig sakerhet, SR-Site i
miljokonsekvensbeskrivningen

Sammanfattning av viktiga utgdngspunkter och
resultat fran SR-site, omfattar:

» Referensutveckling
* Scenarier
e SSM:s riskkriterium
» Slutsatser

Sakerhetsanalysens roll i MKB:n
14 3 maj 2010
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Sakerhetsanalysens roll i MKB:n

Sidan 1 av 13

Lagesrapport sakerhetsanalysen SR-Site

Samradsméte 3 maj 2010

Allan Hedin

Em 1 Lagesrapport SR-Site, 3 maj 2010

Disposition

* Vad ar en sakerhetsanalys?

« Sakerhetsanalysen SR-Can — bakgrund, syften och
resultat

- Den pagaende sakerhetsanalysen SR-Site

ém 2 Lagesrapport SR-Site, 3 maj 2010
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Sakerhetsanalysens roll i MKB:n

Sidan 2 av 13

Vad ar en sdkerhetsanalys?

- Ska svara pa fragan "Ar forvaret langsiktigt sakert?”
— Kan forvaret i framtiden innebéra en risk for narboende?
— Metoder fér analys etablerade genom internationellt samarbete

* SSM:s foreskrifter

— Risken att drabbas av cancer eller arftliga skador far inte
overskrida en pa miljonen per ar. Omraknat till dos svarar det mot
ungefar en procent av bakgrundsstralningen som &ar 1 mSv/ar

— Sakerhetsanalysen ska omfatta en miljon ar efter forslutning
— Riskkriteriet mest anvandbart 100 000 ar efter forslutning

Em 3 Lagesrapport SR-Site, 3 maj 2010

KBS-3-forvaret

Kapslingsrér  Anvant karnbrénsle Bentonitlera Ovanmarksdel

Branslekuts ~ Kopparkapsel med Urberg Hidermarksd
av urandioxid  Insats av segjarn

e Priméar sakerhetsfunktion: Fullstandig inneslutning
e Sekundar sakerhetsfunktion: Férdréjning

gm 4 Lagesrapport SR-Site, 3 maj 2010
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Sakerhetsanalysens roll i MKB:n

Sidan 3 av 13

Forvarets utveckling — huvudscenariot

 Hur ser forvaret ut fran borjan?
— Platsundersodkningar
— Specifikationer av kapsel, buffert, aterfylining, etc.
» Vad hander pa sikt?
— Vilka processer styr den langsiktiga utvecklingen?
— Jobbar med olika scenarier, dvs olika alternativ for den framtida utvecklingen
— Viktig faktor: Klimatforandringar — bade istider och varmare klimat

* Huvudscenario = "rimlig” utveckling

Upprepning av senaste 120 000-ariga istidscykeln

Vad hander da med forvaret?

Studerar varmeutveckling i berget, grundvattenrorelser, jordskalv, buffertens
stabilitet, korrosion av kopparkapslarna etc.

Viktiga fragor:

« Kan kapslar ga& sonder?

« Vilka blir i s& fall konsekvenserna?

Em 5 Lagesrapport SR-Site, 3 maj 2010

Inlandsisen | huvudscenariot

+12,000 yrs (109 kyr BP) +21,000 yrs (-100 kyr EP) +36,000 yrs {-85 kyr BP) +41,000 yrs (-80 kyr BP)
= " = - = ¥ = 3

B
{.

Lagesrapport SR-Site, 3 maj 2010
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Sakerhetsanalysens roll i MKB:n

Sidan 4 av 13

Ytterligare scenarier (1/2)

« Huvudscenariot "lar oss” vilka typer av pafrestningar férvaret utsatts for
+ Kan pafrestningarna bli varre an i huvudscenariot?
* Ytterligare scenarier for att studera detta

» Exempel: En is ovan forvaret gor att kapslarna kan utsattas for héga tryck
och eventuellt skadas. Inga sddana skador i huvudscenariot SR-Can — men:
— Kan isen bli tjockare och darmed trycket hégre &n i huvudscenariot?
— Kan bufferten ge hdgre tryck pa kapseln an i huvudscenariot?
— Missade konstruktionsfel i kapselns insats?

| ett "tryckscenario” analyserar vi sadana fragor
— Utvarderar p& sa séatt osékerheter som inte togs hansyn till i huvudscenariot
— Malet: Att utrona om kapslar pa nagot satt kan skadas av hoga tryck

EM 7 Lagesrapport SR-Site, 3 maj 2010

Ytterligare scenarier (2/2)

* Motsvarande for kapselskador orsakade av
— korrosion av kopparhéljet — Korrosionsscenario
— jordskalv — Jordskalvsscenario

« Om kapslar gar sonder i ett scenario
— Vi berdknar vilka konsekvenserna blir féor omgivningen
— Scenariot bidrar till den totala riskbilden for forvaret

ém 8 Lagesrapport SR-Site, 3 maj 2010
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Sidan 5 av 13

Hantering av information och data i
sdkerhetsanalysen

« Arbetar systematiskt med att hitta alla processer av betydelse fér den
langsiktiga sakerheten

e Kunskapen om varje process dokumenteras

» Detta ligger till grund for var hantering av processerna i sakerhetsanalysen
— Vissa processer forsummas
— Andra hanteras genom enkla berékningar
— Manga studeras i egna datorsimuleringar
« Vattenmattnad av buffert och tunnelaterfylining
* Uppvéarmning av kapsel/buffert/berg
* Grundvattenflode i berget
» Transport av radionuklider om en kapsel skulle skadas

« Kraver expertkunskaper och gedigen erfarenhet

EM 9 Lagesrapport SR-Site, 3 maj 2010

Sakerhetsanalysen SR-Can:
Bakgrund, syften och resultat

ém 10 Lagesrapport SR-Site, 3 maj 2010
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Sidan 6 av 13

Allmant om SR-Can

* Publicerades i november 2006 j

L
3
* Platsdata fran inledande steg i undersokningar av ’ 9
kandidatplatserna Forsmark och Laxemar r{

* Var ett forberedande steg for sékerhetsanalysen
SR-Site. SR-Site ingar i SKB:s ansokningar om ett
slutforvar.

« SR-Can var inte del i nagon ansokan

¢ SR-Can interimsrapport 2004, granskad 2005 f

— Granskarnas synpunkter omhandertagna i _
Slutl’apporten SR-Can \ ‘B __'. Simpevarp

Laxemar

“&——Forsmark

EM 11 Lagesrapport SR-Site, 3 maj 2010

Syften med SR-Can

e Att preliminart bedoma sakerheten for KBS-3 forvar vid Forsmark
och Laxemar

- Att ge aterkoppling till kapselutveckling, till anlaggningsutformning
for slutforvaret, till fortsatta platsundersdkningar, till SKB:s program
for forskning kring fragor av betydelse for langsiktig sakerhet samt
till kommande sékerhetsanalyser samt

* Att bereda SKI och SSiI tillfalle att granska SKB:s preliminéra
séakerhetsanalys infor tillampningen i anstkan om att uppfora ett
slutférvar fér anvant karnbransle

ém 12 Lagesrapport SR-Site, 3 maj 2010
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Sidan 7 av 13

Exempel pa slutsatser i SR-Can:
Uppfyllelse av riskkriterium

* Inga kapselbrott beddms intraffa under den forsta perioden
av tempererat klimat, som forvantas stracka sig flera tusen
ar framat

« Ett forvar vid Forsmark beddms uppfylla SSI:s riskkriterium

« Ett forvar vid Laxemar beddms preliminart uppfylla SSl:s
riskkriterium — men mer representativa data kravs

Em 13 Lagesrapport SR-Site, 3 maj 2010

Exempel pa slutsatser i SR-Can:
Fragor relaterade till framtida istider

 Frysning av en intakt buffert bedéms uteslutet — ocksa for mycket
pessimistiskt valda klimatférhallanden

- Kapselskador till foljd av isostatisk last bedoms uteslutet — ocksa for
mycket pessimistiskt valda klimatférhallanden

+ Syrenedtrangning bedéms preliminart som uteslutet — ocksa for
mycket pessimistiskt valda forhallanden

+ Riskbidraget fran jordskalv bedoms som litet

- Buffertmaterial kan forloras da bufferten utsatts for glaciala
smaltvatten, men omfattningen ar oséker — ytterligare studier kravs

* Omfattande forlust av buffert kan leda till kapselskador i mycket
langa tidsperspektiv

* En forlangd period av varmt klimat (6kad vaxthuseffekt) fore nasta
istid bedoms i huvudsak som positivt for forvarets sakerhet

ém 14 Lagesrapport SR-Site, 3 maj 2010
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Sidan 8 av 13

Aterkoppling frén SR-Can
—om vad vill vi veta mer?

* Flera osakra faktorer hanterades pessimistiskt

— FOr dessa ar det angelaget att forbattra kunskapslaget till SR-Site
» Bufferterosion, fysikalisk dvre gréns
¢ Hydraulisk tolkning av berget i Forsmark

* Andra faktorer hanterades med metoder som inte var
fardigutvecklade
— Spridning av radionuklider i biosfaren
— Modjligheten att syre tranger ned till férvaret vid en istid
— Grundvattnets sulfidhalt (svavelforening som korroderar kopparkapseln)

Em 15 Lagesrapport SR-Site, 3 maj 2010

Granskning och samrad av SR-Can (1/2)

» Granskad av SKI/SSI inom ramen for det regeringsbeslutade samradet
under SKB:s platsunderstkningsskede
— Bred remiss till berérda kommuner, miljdorganisationer med flera
— Tre internationella expertgrupper och en rad enskilda experter bistod SKI/SSI

e Slutsatser i SKI/SSI-rapport mars 2008:

— SKB:s metodik for sdkerhetsanalys &r i huvudsak i dverensstammelse med
myndigheternas foreskriftskrav, men delar av metodiken behdver vidareutvecklas
infor en tillstAndsansokan

— SKB:s kvalitetssékring av sakerhetsanalysen ar otillracklig

— Infor tillstdndsansokan behdvs ett battre kunskapsunderlag kring vissa kritiska
processer med potentiellt stor paverkan pa risken fran slutforvaret, bland annat
erosion av buffert i deponeringshal

— SKB behdver styrka att det antagna initialtillstdndet hos slutférvaret ar realistiskt
och uppnaeligt

— Redovisningen av risken for tidiga utslapp bor forstarkas

ém 16 Lagesrapport SR-Site, 3 maj 2010
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Sidan 9 av 13

Granskning och samrad av SR-Can (2/2)

« Var hantering av SKI/SSI-granskningen
— ldentifierat dver 200 punkter i SSM:s rapport att hantera i SR-Site

— Dokumenterar hur varje punkt tas om hand i SR-Site; del av
projektplanen

« Sammanfattning av SR-Can ingick i underlaget for samrad
enligt miljobalken med tema Séakerhet och stralskydd, 2007

Em 17 Lagesrapport SR-Site, 3 maj 2010

Sakerhetsanalysen SR-Site:
Status och viktiga fragor

ém 18 Lagesrapport SR-Site, 3 maj 2010
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Sidan 10 av 13

SR-Site - allmant (1/2)

» PAagar sedan april 2007

* Ingér i anstkningarna arsskiftet 2010/2011

 Tar hand om granskningssynpunkter pa SR-Can

» Baseras pa fullstandiga data fran platsundersokningen

» Betydligt mer omfattande dokumentation av hur vi avser att bygga forvaret
— Dokumenteras i sex s.k. Linjerapporter som behandlar alla steg i
produktions- och hanteringslinjen av
e Branslet
« Kapsel
» Buffert
 Tunnelaterfylining
» Forslutning
e Halrum i berget

Em 19 Lagesrapport SR-Site, 3 maj 2010

SR-Site — allmant (2/2)

* Omfattar Forsmark
— Men manga av analyserna gors for bade Forsmark och Laxemar

— Hela argumentationen kring platsvalet i séarskild bilaga i ansdkan;
langsiktig sakerhet en tungt vagande faktor

- Arbetas fram pa engelska och Oversatts till svenska

| senare skeden kommer fler sakerhetsanalyser
— Infor ans6kan om drifttillstand — da vet vi mer om berget
— Infér ansékan om forslutning

ém 20 Lagesrapport SR-Site, 3 maj 2010
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Sidan 11 av 13

Status SR-Site

* Mycket av underlaget ar klart eller under slutlig
sakgranskning

* Omfattande beraknings- och analysarbete som underlag
for huvudrapporten pagar

« For tidigt att presentera slutsatser

 Nagra viktiga fragor:
— Bufferterosion
— Kopparkorrosion
— Jordskalv

Em 21 Lagesrapport SR-Site, 3 maj 2010

Kan bufferten forloras genom erosion?

Erosion av bufferten orsakad av utspadda grundvatten kunde inte uteslutas i SR-Can

Forstaelsen av processen var da otillracklig och vi tvingades till pessimistiska
antaganden

Forskning om denna fraga har varit prioriterad sedan dess

Bufferterosion kan fortfarande inte uteslutas om grundvatten med tillrackligt 1ag
salthalt traffar bufferten

Den forbattrade forstaelse av processen gor att den kan hanteras mindre
pessimistiskt, darmed blir den berédknade omfattningen betydligt mindre &n tidigare
for ett utspatt grundvatten

Dessutom kan grundvattnets sammansattning pa lang sikt bedémas betydligt battre
an i SR-Can — i Forsmark berdknas grundvattnet bara i undantagsfall bli tillrackligt
utspéatt for att orsaka erosion

Forsiktigtvis kommer vi anda att anta att utspadda vatten forekommer cirka 20
procent av tiden

Detta ger omfattande buffertforlust i enstaka deponeringshal efter 100 000 &r och i
nagot tiotal hal efter en miljon ar

ém 22 Lagesrapport SR-Site, 3 maj 2010
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Sidan 12 av 13

Kopparkorrosion

< Sulfid i grundvattnet bedéms ge de klart dominerande bidragen till korrosion

— Med en intakt buffert finns betryggande sakerhetsmarginal till genombrott av
kopparhdljet till féljd av sulfidkorrosion under en miljon ar

— Om bufferten eroderats bort kan sulfidkorrosion mojligen orsaka genombrott av
kopparhdéljet pa hundratusentals ars sikt for enstaka kapslar i de positioner dar
grundvattenflédet ar som hogst

— Konsekvenserna av detta blir preliminart sma i forhallande till SSM:s riskkriterium

« Syre i grundvattnet bedoms preliminart inte ge nagot bidrag till korrosionen,
annat an det lilla bidraget frAn syre som "stangs in” i forvaret under bygge
och drift.

» Syre- och sulfidfritt grundvatten bedéms inte ge korrosion, baserat pa
tillgangligt vetenskapligt underlag

— Vi gor en berékning av vad det skulle betyda om kopparkorrosion i rent vatten
enligt KTH-forskare verkligen férekommer

— Borttransport av bildad vatgas satter grans fér omfattningen
— Resultatet visar att omfattningen blir en brékdel av den for sulfid

Em 23 Lagesrapport SR-Site, 3 maj 2010

Jordskalv

» Ett kraftigt jordskalv &r detsamma som en rdrelse i en stor sprickzon i berget

» En sadan rorelse kan ge upphov till mindre rérelser (sekundéarrorelser) i enskilda
sprickor i berget

» Kraftiga jordskalv &r ovanliga i Sverige
— men kan inte uteslutas helt i langa tidsperspektiv

» Kapselskador till f6ljd av jordskalv undviks genom att
— placera kapslar med respektavstand till de storre sprickzoner dar skalv kan forekomma
— undvika deponeringshal som korsas av storre enskilda sprickor dar sekundarrérelser kan
forekomma
* Om vi forsiktigtvis antar...
— att de storsta skalven som sprickzonerna i Forsmark kan hysa verkligen intraffar
— att var formaga att hitta storre enskilda sprickor ar begransad (vissa deponeringshal
godkénns "av misstag”)
+ ...sa kan vi inte helt utesluta att ndgon kapsel skadas pa en miljon ars sikt
— Konsekvenserna av detta blir preliminart sma i forhallande till SSM:s riskkriterium

ém 24 Lagesrapport SR-Site, 3 maj 2010




BILAGA C

Protokoll fran allmént samradsmoéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

Sidan 13 av 13

Projektgruppen SR-Site

« Kastriot Spahiu, brénsle * Fredrik Vahlund, indata, QA berakningar
e Christina Lilja, kapsel * Martin Lofgren (Niressa), indata
«  Patrik Sellin, buffert , &terfylining och férslutning « Christina Greis, radionuklidtransportberékningar

» Ignasi Puigdomenech & Birgitta Kalinowski, geokemi «  Kristina Skagius (Kemakta), bitrdédande projektledare, FEP-databas,

* Raymond Munier, geologi intrangsfragor, QA
. Jan-Olof Selroos, grundvattenflsde och -transport Christian Nystrém & Ann-Mari Nissula, administration, QA

. " N L et * Johan Andersson (JA Streamflow AB), koordinering med
Tobias Lindborg, biosfar platsundersokningar och projektering, bergmekaniska fradgor, mm
« Jens-Ove Naslund, klimat, istider

» Allan Hedin, projektledare, metodik, mm
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Miles Goldstick, 1992

The size relationship between a sweat pore (the large circle) and an
alpha emitting particle (the small dot in the middle of the circle).

For more information see: Goldstick, Miles. 1992-09. “The Ability Of Alpha Radiation To
Penetrate Human Skin.” www.nonuclear.se/goldstick199209.html
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The Ability Of Alpha Radiation To Penetrate Human Skin

By Miles Goldstick
September 1992

Adapted from: Golstick, Miles. April 1991. “The Hex Connection, Some Problems And Hazards
Associated With The Transportation Of Uranium Hexafluoride.” 196 pp. ISBN: 91-576-4440-3.
Ph.D. dissertation. Swedish University of Agricultural Sciences, Department of Ecology and
Environmental Research, Box 7072, S-750 07 Uppsala, Sweden. See pp. 82-88.

Compared to other forms of
radiation, alpha radiation has a
relatively low penetrating power.
Authors for or against nuclear
power, worried or not worried
about the effects of radiation,
use the same type of graphics
illustrating the penetrating ability
of radiation. In these graphics,
alpha radiation is illustrated as
being stopped by the skin or
a piece of paper. An example
of such a graphic is included
below. It was published in 1982
by the IAEA in a booklet titled
“Radiation Is A Fact Of Life.” [1]
The main perpetrator of
the belief that alpha radiation
cannot penetrate the skin is the
International Commission For
Radiological Protection (ICRP). It

FoIIow'in.g is an .exam.ination
RADIATION= | Fouever it not contestec
A FACTOF L”:E that radionuclides pose the

greatest threat to human

INTERNATIONAL ATOMIC ENERGY AGENCY

health when they are inhaled
or ingested. With regards

s

Y to alpha radiation, the short
distance alpha particles are
capable of travelling and their

A 4 low penetrating power make

Alpha ir:'- i it especially important to

: S distinguish between internal
and external exposure. This
is particularly important where
radiation exposure to workers
determines the time limit the
workers are allowed to carry
out certain tasks.
) In the event of external

THE PENETRATING POWER 1 melre of concrete
OF RADIATION R AN R

Beta

exposure to alpha radiation

is ICRP recommendations, based on the belief that the skin will receive a radiation dose. To determine

alpha radiation cannot penetrate the skin, that are if alpha radiation can penetrate human skin deep
the basis for many official claims that alpha radiation enough to reach living cells it is necessary to
presents a low radiological hazard. For example, define thickness of the outermost skin layer (called

the U.S. Department of Energy (DOE) wrote in 1987  epidermis) and determine the significance of sweat

that, pores. These problems are discussed below,
“Alpha particles resulting from the primary followed by results of a skin cancer frequency study
disintegration of uranium present no external among Czechoslovakian uranium miners.

radiation problem, since they do not penetrate

the skin.” [2]
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Defining Epidermal Thickness,
The Study By Judi Whitton

In the early 1970s Judi Whitton recognized the
significance of epidermal thickness for radiological
protection. Sponsored by the Central Electricity
Generating Board (CEGB, a then British government
owned nuclear utility company), she carried out a
detailed literature survey to try and determine the
origin and accuracy of epidermal thickness values
then in use. Whitton wrote that “ICRP Publication 2”
(1959, p. 9) refers to a meeting of the Permissible
Dose Conference at Chalk River, Canada in
September 1949 where a value of 77 microns was
chosen for minimum epidermal thickness. The
source of this measurement is given as a histology
[3] textbook from 1942, which in turn gives no
original source of the data. [4]

A possible source of the ICRP 77 micron value
was traced by Whitton from a presentation made
at a 1963 symposium held in England called
“Radiation and Health.” This presentation also gave
a value of 77 microns for epidermal thickness,
and listed the source as two German studies from
1876 and 1879. Since some of the results of the
1879 study correspond to those given in the 1942
histology textbook, it is possible that the ICRP value
originates there. Whatever the purpose of the 1879
experiment, it could not have been performed for the
purpose of setting radiation protection standards, as
the modern nuclear era did not come into being until
several decades later. Further, formation of what
was to become the ICRP did not happen until 1928,
about a half-century later.

A fundamental aspect of any epidermal
thickness experiment is whether or not it takes into
consideration the natural elasticity of the skin. When
epidermis is removed from a body it naturally shrinks
and curls up. Results of an epidermal thickness
experiment are therefore much more accurate when
correction is made for shrinkage of the epidermis.
Comparison of results from experiments that did
and did not take into consideration shrinkage of
the epidermis shows that the value for epidermal
thickness is about half when shrinkage is taken into
account. [5] Regardless of the origin of the ICRP
value of 77 microns, the number is clearly within the
range of results from experiments that did not take
into consideration shrinkage of the epidermis.

As Whitton’s literature survey was unable to
confirm the origin and accuracy of epidermal
thickness values then in use, a project was set up
to make original measurements that overcome the

The Ability Of Alpha Radiation To Penetrate Human Skin

inadequacies of previous experiments. The problem
of shrinkage of the epidermis was overcome by
marking a circular area of epidermis to cut out,
tracing the size of this area onto a template, cutting
the epidermis around the mark, then stretching and
pinning it down onto the template corresponding to
the original size. The normal measuring procedure
can then be carried out. Since large samples of
epidermis are required for this technique, the
thickness measurements derived from epidermis
from a dead body were converted to weight
measurements of a small sample. Sampling was
then carried out on live volunteers using a three
millimeter diameter punch. Two weight/thickness
correlation factors were used; one for thick
epidermal areas such as the palm of the hand and
soles of the feet (100 micrograms is approximately
equal to 33.3 microns) and the second for other
epidermal areas such as the face and trunk (100
micrograms is approximately equal to 24.4 microns).

Whitton concluded:

“Epidermal thickness has been shown to

be in general less than is usually assumed

at present. In particular the value of 7 mg/

cm?2 (77 microns) [6] suggested by ICRP for

‘minimal epidermal depth’ appears to be an

over-estimate for most body sites.

“As health physicists have assumed in the
past that minimal epidermal depth is 7 mg/cm2
(77 microns), skin dose from alpha emitters
external to the body has been ignored. From
the present study it is clear however that on
many parts of the body the basal layer [7] lies
within the range of several high energy alpha
emitters.” [8]

This conclusion is supported by observations
that alpha sources can cause abnormal redness of
the skin, [9] and by studies of skin cancer frequency
among Czechoslovakian uranium miners (discussed
below).

Whitton found that epidermal thickness can vary
over the body from a mean of 44 to 440 microns.
[10] However, the ICRP uses a uniform value for the
whole body, despite it being common knowledge
that epidermal thickness varies greatly between
different parts of the body. For general skin dose
control, Whitton recommended replacing the value
of 77 microns for minimal epidermal thickness with
a value of 44 microns for mean epidermal thickness.
[11] In 1977, the ICRP recommended use of a
mean epidermal thickness value of 70 microns, and
noted epidermal thickness may range from 50 to
100 microns. [12] This ICRP recommendation was
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made four years after publication of the research by
Whitton reviewed here.

Providing Whitton’s measurements are correct,
several alpha emitting isotopes, including U238
and U235, have a particle energy great enough to
penetrate the epidermis where it is thinnest on the
body. Some examples of the approximate mean
depth different alpha particles can penetrate tissue
are: americium-241, 54 microns; U235, 43 microns;
and U238, 41 microns. [13] Though these U235
and U238 values are below the mean minimum
epidermal thickness of 44 microns noted above, it
must be remembered that 44 microns is the mean
minimum not the absolute minimum. In some cases
epidermal thickness is greater and in some cases
less than 44 microns.

Whitton further concluded:

“No obvious correlation of epidermal thickness

with sex was observed on any of the body

sites. Similarly there appears to be no

consistent change in epidermal thickness with

increasing age on any body site.” [14]

Sweat Pores

One may assume from the Whitton study that

parts of the body where the epidermis is thickest,
such as the palm of the hand and finger tips, that
the epidermis is sufficiently thick to block the most
energetic alpha particles. This is not the case.
Whitton fails to mention that for fragments as tiny
as alpha emitters the existence of eccrine sweat
glands, commonly called sweat pores, and hair
follicles all over the skin present a barrier with few
but large holes. What is more, the palm of the hand,
though having extra thick epidermis, has a greater
density of sweat pores than areas of the body where
the epidermis is thinner.

The average density of sweat pores varies
greatly with the individual and body site. The total
number of sweat pores distributed over the entire
body has been estimated at from 1.6 to four million;
and the number on specific body sites as 64/cm2 on
the back, 108/cm2 on the forearm, 181/cm2 on the
forehead, and 600 to 700/cm2 on the palms of the
hand and soles of the feet. [15]

The size of the sweat gland has been found to
vary as much as fivefold between individuals. The
dimension of the coil leading down from the opening
in the epidermis is about two to five mm long and
about 60 to 80 microns in diameter, with the duct
having a slightly smaller diameter. [16] In contrast,
the diameter of a uranium oxide particle is about one
micron. [17] The diameter of an alpha emitter itself
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is more than one thousand times smaller than the
diameter of a sweat pore. The spiraling nature of the
sweat gland coil leading down from the opening may
limit the depth into the epidermis that alpha particles
and emitters reach. Further, the percentage of total
surface area of epidermis made up of sweat gland
openings is small, being only a few percent in areas
where sweat pores are most dense. Nevertheless,
alpha emitters can cause skin cancer after fastening
in sweat pores despite:
- the small percentage of total surface area of the
epidermis made up of sweat gland openings,
- the coiling nature of sweat glands,
- and other considerations such as sweat gland
openings being plugged, and the angle of entry.
In addition, alpha emitters can stick to any part of
the skin.

Skin Cancer Among Czechoslovakian
Uranium Miners

Analysis has been done of skin cancer frequency
in a group of several thousand Czechoslovakian
uranium miners over an eight year period (1968-
1975). The study concluded that the incidence of
skin cancer (basal cell carcinoma) was significantly
higher than expected (by almost 10 times),
especially among miners who had worked for 10
years or more. The predominant location of facial
cancers was the cheek and forehead, places where
skin is especially thin. [18]

Dose estimates were made from radon daughters
to the skin. The dose from uranium and other alpha
emitters was not included. It was found that after
working 10 years or more, miners could receive
a cumulative dose equivalent of 10-20 Sv. The
study concluded that such high doses to the basal
epidermal layer (where live cells nearest to the
surface of the skin are located) is evidence that
external alpha radiation from radon daughters
may be the cause of the cancers. [19] The authors
concluded,

“The results of this short-term observation

indicate the actual possibility of a carcinogenic

effect of external alpha irradiation of the skin.” [20]

Adding hope to their dismal conclusion, the
authors noted,

“The consequences of skin cancer are

much less severe than the consequences of

malignant tumors in other organs because skin

cancer occurs in accessible places, allowing

an early diagnosis and more successful

surgical therapy.” [21]
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Conclusion

Contrary to popular belief, alpha radiation is not
always blocked by the outermost skin layer (the
epidermis) and external exposure to alpha radiation
may cause cancer. Several alpha emitting isotopes,
including U238 and U235, have a particle energy
great enough to penetrate the epidermis where it

Notes

[1] IAEA, June 1982, p. 3.

[2] Oak Ridge Operations, September 1987, p. 56.

[3] Histology is the branch of biology dealing with the
study of tissues.

[4] Whitton, 1972, p. 1; in: Health Physics, Vol. 24,
January 1973.

[5] Whitton, 1972, pp. 4-5; in: Health Physics, Vol. 24,
January 1973.

[6] One mg/cm2 is approximately equal to 11 microns for
tissue, according to Whitton, p. 1; in: Health Physics, Vol.
24, January 1973.

[7] The “basal layer” contains the live cells closest to the
surface of the skin.

[8] Whitton, 1972, pp. 7-8; in: Health Physics, Vol. 24,
January 1973.

[9] Whitton, 1972, p. 7; in: Health Physics, Vol. 24,
January 1973.
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Karnavfallsnytt Nr. 1/2010 ccoruarizon0

Information om karnavfallshantering i Sverige fran ett miljoperspektiv

Rapport fran SKB AB:s avslutande samrad i Osthammar 6 februari 2010

Svensk Karnbranslehantering AB bombarderades
med fragor pa samradsmotet som holls

pa biograf Storbrunn i Osthammar den 6

februari. Manga kritiserade att den preliminara
miljokonsekvensbeskrivhing som foretaget
presenterat innehaller manga fragetecken, men

att foretaget beslutat att nu dnda avsluta samradet
enligt miljobalken.

— Flera av de rapporter som det hanvisas till i MKB:n
ar inte publicerade annu. Det kanns markligt att
samrada nar man inte kan kontrollera vad kunskaperna
star for i den har rapporten. Nar publiceras rapporterna?
fragade Bertil Aim, ordférande i MKB-gruppen for
Osthammars kommun.

Vatten, grodor och orkidéer

Det ena temat for moétet var vattenverksamhet, vilket
avhandlades under férmiddagen. Kent Werner,
SKB:s vattenutredare, redovisade att det kan bli viss
grundvattensankning under de sju ar anlaggningen
iordningstalls. Han forklarade ocksa att slutforvaret
kommer att konstrueras och fyllas pa bit for bit.

— Hela anlaggningen kommer aldrig att vara
Oppen samtidigt, men vi har anda antagit det nar
det galler vattenstrommarna, for att inte underskatta
konsekvenserna och effekterna pa vattnet.

Effekterna presenterades anda som sma. Pa grund
av grundvattensankningen kan skogstillvaxten och
skordarna i jordbruket komma att minska nagot. Liksom
att vattenstandet i sjdarna kan sjunka nagon centimeter
under de ar arbetet pagar. Andra problem rér méjliga
sattningar i byggnader, och man maste fylla igen tre
goOlar dar den sallsynta goélgrodan trivs, liksom den lika
skyddade orkidén gulyxne.

Samrad pa ofullstiandigt underlag

Men det var inte vattenfragan som de flesta fragorna
handlade om och som de omkring 40 férsamlade
undrade 6ver, en skara som utékades till omkring 70
under eftermiddagen. Det handlade om att den 350
sidor langa MKB:n fortfarande saknar viktiga delar
och att referenserna innehaller luckor. Exempelvis
tas de radiologiska riskerna inte upp. Fran SKB:s hall
motiverade man hur man tankt:

— Allt ar inte klart, men MKB:n ar sa klar den nagonsin
kan bli utan att vara klar. Det ar for att vi vill ha
synpunkter pa den. Det ligger i samradets natur att det
ar ett pagaende arbete, sa Erik Setzman, chef for MKB-
enheten pa SKB AB.

— Detta ar inte en granskning, utan en mgjlighet
att stalla fragor. Den dagen domstolen ska granska
materialet kommer rapporterna att finnas, sa Saida
Laarouchi Engstrom, avdelningschef pa SKB AB.

Jonas Christensen, miljojuridiskt konsult for
Osthammars kommun, héll inte med.

Kéarnavfallsnytt Nr. 1/2010 - 6 februari 2010
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Fran vanster: Ulf Henricsson moderator och fran SKB Mikael Gontier,
Pia Ottosson och Erik Setzman.
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— Jag vill att det fors till protokollet att samradet delvis
handlar om information som inte delgivits. Det paverkar
var mojlighet att halla samrad, nar materialet delvis inte
ar publicerat. Pa manga stéllen i den har MKB:n har
slutsatserna dragits nagon annanstans.

Miles Goldstick fran Miljororelsens karnavfalls-
sekretariat, Milkas, stallde fragan hur SKB tanker sig
hantera inkomna synpunkter efter den 5 mars som ar
det sista datum som ar satt for synpunkter pa MKB:n.

— Vi gor som vi gjort i 13 ar, vi lyssnar, vi noterar och
vi reagerar. Skillnaden ar att det som inkommer fére 5
mars kommer med i samradsredogorelsen, sa Saida
Laarouchi Engstrom.

Aven stralsékerhetsmyndigheten fick fragan om hur
SKB borde hantera sin redovisningsplikt.

— Samradet pagar tills ansékan lamnas in. Men man
behdver ocksa tid pa sig att sammanstalla inkommet
material. Sen far var och en tolka vad det innebar,
svarade Virpi Lindfors, utredare pa avdelningen for
radioaktiva @mnen, SSM, diplomatiskt.

”Samradet borde forldngas”
Representanter fran saval Milkas som Miljérérelsernas
karnavfallsgranskning, MKG, tyckte att samradet borde
forlangas till dess att sékerhetsanalysen ar klar sa
att aven den langsiktiga sakerheten kan genomga ett
ordentligt samrad. Jenny Lundstrom fran MKG menade
att det ar ett "transparensproblem av stora matt” att sa
inte ar fallet. Tre representanter fran miljdorganisationen
Natur o miljé pa Aland, Osthammars narmsta granne
vattenvagen, hade tagit sig till métet:
Dan Jansén, Adam Conway och
Anna-Linnéa Rundberg. Rundberg
holl med Lundstrom:

—Jag ar besviken over att vi
inte hort mer om den langsiktiga
sakerheten. Vad ar vitsen for oss att
vara har om vi inte far samrada om
den? Ni tycker att miljiddomstolen

Anna-Linnéa Rundberg
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ska avgora den fragan, och da ansdkan ska lamnas
in ska sakerhetsanalysen vara klar. Varfor kunde man
inte vanta ett ar med det har samradet? Ni har faktiskt
bjudit in de andra Ostersjélanderna enligt Espoo-
konventionen.

— Det blir ett slutligt samrad med Ostersjélanderna nar
ansokan ar inlamnad, svarade Erik Setzman.

— Det ar den viktigaste fragan i MKB:n, det skriver ni
sjalva. Det racker inte att se den forst vid ansokan, sa
Johan Swahn fran MKG.

— Vi anser att vi samrader och har samratt kring den
langsiktiga sakerhetsanalysen. Vi tar den pa storsta
allvar. Det far racka sa, tror jag, sa Erik Setzman.

Onamnbara faror

Andra fragor handlade om karnvapenspridning och
framtida medvetna manskliga intrang, liksom riskerna
med att kopparkapslarna kan rosta aven i syrefri miljé
som vissa experiment pavisat, eller att bentonitleran
ska visa sig mindre stabil an enligt SKB:s modeller.

— Vi lamnar ingen anstkan om vi inte ar sakra, det
kan vi lova, sa Saida Laarouchi Engstrom.

Att slutforvaret placeras intill ett karnkraftverk som
dessutom precis fatt tillatelse att hoja effekten med
40 procent var ett annat orosmoln som framférdes
bland annat av Roland Davidsson fran Sveriges
Energiféreningars Riksférbund, Sero.

— | USA har man sagt att avstandet mellan reaktorn
och slutforvaret maste vara minst 30 km. Har ar det
710 meter mellan Clab och
O-ettan i Oskarshamn. Vid
Forsmark blir slutférvaret
bara ett par hundra meter
darifran. Jag tycker det ar
oansvarigt, sa han.

Ditta Rietuma fran Baltic
Sea Region Radioactivity
Watch (BSRRW) tog tillfallet
i akt och lamnade 6ver
en rapport om hur man
modellerar halsorisker fran
radioaktivitet fran professor
Chris Busby, (Scientific
Secretary of the European
Committee on Radiation
Risk , ECRR). Busby
och ECRR menar att de
officiella riskantagandena,
baserade pa modeller
fran International
Commission on Radiological
Protections (ICRP), kraftigt
undervarderar riskerna med
radioaktiv stralning.

— Ni formulerar er i MKB:n som att det inte finns
nagon risk for radioaktiv spridning. Ni konstaterar det.
Men kan ni beskriva en situation dar en kapsel gar
sOnder. Hur ser ett saddant scenario dver huvud taget ut?

Roland Davidsson fran Sero
presenterade dokument fran
Helsingforskommissionen som
uppmatt en radioaktivitet pa

150 000 bequerel/kvadratmeter

i bottensedimenten utanfor
Forsmark. Han varnade for
risken att radioaktivt material fran
sedimenten rivs upp och ater
kommer i omlopp i ekosystemen
nar arbetet med ett slutférvar
kommer igang.

Utgangspunkten maste
vara att det kan handa
nagot sadant, sa Jonas
Christensen, miljojuridiskt
konsult for Osthammars
kommun.

Olle Olsson, ansvarig for
SKB:s slutforvarsprojekt
svarade.

— Ett scenario ar att
kapseln tappas fran en
viss hojd. Losningen pa
det ar att aldrig hantera
den fran en sadan hojd. |
SR-Can har vi tva viktiga
scenarion. Det ena ar ett
jordbavningsscenario dar en
spricka gar tvars over kapseln
och klipper isar den. Den gar
sonder. Den vasentliga risken
for det skulle vara vid nasta istid nar isen smalter.
Det andra scenariot ar att valdigt utspatt vatten fran
glaciaris orsakar en borttransportering
av bentoniten. Om tillrackligt mycket
bentonit férsvinner kan det bli korrosion
pa kopparkapseln. Det kan ligga 30-,
40-, 50 000 ar fram i tiden.

— Tack! Utmarkt! Varfér beskriver
ni inte det har i MKB:n? Ni har skrivit
350 sidor utan en rad om vad som kan
handa. Ni utsatter er for onddig kritik
nar ni gor sa. Vi kommer att fortsatta
fraga in till forhandling. Det ar ett 16fte,
sa Jonas Christensen.

Saval MKG, Sero som Osthammars kommun
efterlyste utforligare redovisning av alternativa
slutférvarsmetoder. MKG férde fram djupa borrhal
som ett exempel, men metoden avfardades av SKB:s
ansvariga.

Marie Berggren, Enhetschef,
Slutférvarsenheten pa
Osthammars kommun
redogjorde for kommunens
arbete med MKB:n.

Jonas Christensen

Fakta slutforvaret

SKB har valt att anséka om slutférvar i Osthammars
kommun. | december 2010 har féretaget sagt

att man kommer att [amna in en slutgiltig
miljokonsekvensbeskrivning till miljddomstolen med
ansOkan om att bygga slutférvaret.

Slutférvaret ar tankt att placeras alldeles intill
Forsmarks karnkraftverk. Totalt ska forvaret
dimensioneras for allt svenskproducerat karnavfall
fram till att dagens reaktorer tas ur drift. Den valda
metoden ar KBS-3. Sammanlagt ror det sig om
12 000 ton radioaktivt karnavfall placerat i 6 000
kopparkapslar inbaddade i bentonitlera. Omradet
under jord pa 470 meters djup omfattar tre-fyra
kvadratkilometer. Ytanlaggningen placeras cirka tre
meter dver havsytan.

Sveriges nuvarande lagstiftning medger inte att anvant
karnbransle fran andra lander slutférvaras i Sverige.

Kérnavfallsnytt ar framtaget pa uppdrag av Miljororelsens karnavfallssekretariat, Milkas (www.milkas.se), en samarbets-organisation mellan
Miljéférbundet Jordens Vanner (www.mjv.se) och Folkkampanjen mot karnkraft-karnvapen (www.folkkampanjen.se). Produktion av detta
nummer: Emil Schon (text) och Miles Goldstick (foto och layout). For information kontakta Milkas, Pustegrand 2, 118 20 Stockholm.

Tel. 08-559 22 382. Hemsida: www.nonuclear.se/karnavfallsnytt. E-post: info@nonuclear.se.
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Tabell B.12 Utslapp till luft angivet i becquerel (Bq) for Forsmark 2004,

Table B.12 Releases to air for Forsmark for 2004 given in Bq.

[Nukiid Block 1 Block 2 Block 3 SFR Ovriga anl.
|H-3 1,81E+11 1,67E+11 1,71E+11

C-14 6,91E+11 6,71E+11 8,62E+11

Cr-51 1,79E+07 4 41E+05
IMn-54 3,22E+06 7.57E+05 8,61E+05
Co-58 5,69E+06 1,91E+07 8,17E+05 5,84E+05
Co-60 1,44E+07 1,35E+07 6,50E+06 4, 35E+06
IMo-99 4,82E+06 8,86E+05

Sb-122 1,77E+06 4 11E+06

Sb-124 5,53E+05

Am-243 1,80E+04 2,38E+04 9,31E+03

Adelgaser

Ar-41 5,24E+08 2,33E+08

Kr-85m 1,57E+10 3,70E+09 1,07E+09

|Kr-87 5,62E+08 2 66E+08

Xe-131m 2 42E+10 7,93E+10

Xe-133 2,78E+12 2 27E+10

Xe-133m 1,06E+10

Xe-135 1,05E+12 3,22E+10 8,20E+08

Xe-135m 6,00E+11 1,79E+08

Xe-137 5,01E+12 2,22E+08

Jod

I-131 1,54E+07 1,27E+06 4, 22E+06

[l-133 9,96E+07 5,72E+06 7,00E+06

55



Tabell B.12 Utslapp till luft angivet i becquerel (Bq) for Forsmark 2004.
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Isotop, summa block 1-3

1 H-3

2 C-14

3 Cr51

4 Mn-54
5 Co-58
6 Co-60
7 Mo-99
8 Sb-122
9 Sh-124
10 Am-243

Adelgaser

11 Ar-41

12 Kr-85m
13 Kr-87

14 Xe-131m
15 Xe-133
16 Xe-133m
17 Xe-135
18 Xe-135m
19 Xe-137

Jod
20 1-131
21 1-133

summa

ar
518,000,000,000
2,224,000,000,000
17,900,000
3,977,000
25,607,000
34,400,000
5,706,000
5,880,000
553,000
51,110

757,000,000
4,770,000,000
828,000,000
103,500,000,000
2,802,700,000,000
10,600,000,000
1,083,029,000,000
600,179,000,000
5,010,222,000,000

20,890,000
112,320,000

12,358,812,284,110

dag
1,419,178,082
6,093,150,685
49,041
10,896
70,156
94,247
15,633
16,110
1,515
140

2,073,973
13,068,493
2,268,493
283,561,644
7,678,630,137
29,041,096
2,967,202,740
1,644,326,027

13,726,635,616

57,233
307,726

timma
59,132,420
253,881,279
2,043
454
2,923
3,927
651
671
63
6

86,416
544,521
94,521
11,815,068
319,942,922
1,210,046
123,633,447
68,513,584
571,943,151

2,385
12,822

minut
985,540
4,231,355
34
8
49
65
11
11
1
0

1,440
9,075
1,575
196,918
5,332,382
20,167
2,060,557
1,141,893
9,532,386

40
214

33,859,759,682 1,410,823,320 23,513,722

sekund
16,426
70,523

OO OOk PFk Ok

24

151

26
3,282
88,873
336
34,343
19,032
158,873

1
4

391,895
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halveringstid
12.3 ar

5730 ar

27.7 dagar
312.3 dagar
70.86 dagar
5.2714 ar
65.94 timmar
2.7238 dagar
60.20 dagar
7373 ar

109.34 minuter
4.480 timmar
76.3 minuter
11.84 dagar
5.243 dagar
2.19 dagar
9.14 timmar
15.29 minuter
3.95 minuter

8.01 dagar
20.8 timmar

sonderfall
beta

beta
gamma/xray
beta -
Electron Capture
beta -

beta -

beta -

beta -

alfa

beta -

beta -

beta -

Isomeric Transition
beta -

Isomeric Transition
beta -

beta -

gamma/beta

beta -
beta -
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radon—222 fand whale body)
/ © alpha ; 3.8 days

/’f uranium—z233 (et os)

"’ alpha ; 162 000 ywears

plutonium—239 (and bone)
alpha ; 24 000 years

SPLEEN

/ polonium—210 (and whole body)

LIVER alpha ; 138 days
cobatt—50 KIDNEYS

beta (gamma) ; 5 years K :
| ,.:;;'v-"’" uranium—23%2 (and bone)

OVARIES alpha ; 4 500 000 years

ruthenium—10G6

THYROID

iodina—131 e ,1
beta (gamma)) ; & days —l

SKIN

sulphur—35 s
beta ; 87 dawys

iodine—131 :
beta fgamma) ; & days o gamma (beta) . 1 year
cobatt—50 BONE
k thta égﬁa Jraggas radium—226
nypton- :
gamma ; 10 years Zin:_lgl'éa 1 620 years

ruthenium—1056

gamma ; 1 year - gamma ; 245 days

strontium—40

zino—55
gamma ; 245 days 'beta . 28 wears
barium—1<40 witrium—3910

beta ; 64 hours -
promethiiom—147

gamma ; 13 days
potassium—32

gamma ; 12 hours beta ; 2 years
cesium—137 barium—140
; t5|E||'_rr|1a 2333 Wwears beta (gamma) ; 12 days
plutonium= thorium—234
alpha ; 24 000 years |, beta ; 24,1 days
phosphorus—32

MUSCLE

potassium—32
gamma ; 12 hours
cesium—137
gamma ; 30 years

beta ; 14 days
carbon—14 (and fat)
beta ; 5 600 wears

Source: Gyorgy, Anna, and friends. No Nukes: Everyone’s
Guide to Nuclear Power. Boston, MA: South End Press, 1980.
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Keywords:

The 1984 Windscale study raised concern about a possible association between living in the
vicinity of nuclear power plants and childhood cancer. No such effect for all cancers was
seen in ecological studies in Germany (1980-1995). Results from exploratory analyses led
to a new study.

Pre-selected areas around all 16 major nuclear power plants in Germany formed the
study area. The design is a matched case-control study; cases are all cancers under five
years diagnosed in 1980-2003: 1592 cases, and 4735 controls. Inverse distance of place of
residence to the nearest nuclear power plant at the time of diagnosis was used as the inde-

Infant pendent variable in a conditional logistic regression model.

Preschool child
Neoplasms
Leukaemia
Nuclear reactors mia.
Case—control study
Germany

Results show an increased risk for childhood cancer under five years when living near
nuclear power plants in Germany. The inner 5-km zone shows an increased risk (odds ratio
1.47; lower one-sided 95% confidence limit 1.16). The effect was largely restricted to leukae-

The results are compatible with the corresponding subgroups in the previous German
ecological studies, with which this study shares most of the cases. They contrast with

the lack of an effect observed or expected from other studies due to low doses from routine

nuclear power plant operation.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The German population has long been worried about the po-
tential dangers and health effects of nuclear power. In 1984,
the public was frightened by reports of elevated childhood
cancer rates within a 10-mile zone of the Windscale (Sella-
field) nuclear power plant in England, other investigations fol-
lowed shortly.™ The German Childhood Cancer Registry,
founded in 1980, investigated whether there had been a sim-
ilar increase in Germany. In an ecological study with a similar
design to the UK (United Kingdom) studies,"™® the incidence

* Corresponding author: Tel.: +49 6131 17 3252; fax:+49 6131 17 2968.
E-mail address: kinderkrebsregister@imbei.uni-mainz.de (C. Spix).

URL: http://www.kinderkrebsregister.de (C. Spix).

rates of all cancers in children under 15 years of age during
1980-1990 in communities within a 15-km zone of all West
German nuclear power plants (812 cases) were compared with
those in reference communities with similar population
densities and degrees of urbanisation. No statistically signifi-
cant increase in risk was found (relative risk [RR] 0.97; 95%
confidence interval [CI] [0.87;1.08]).” Nevertheless, exploratory
analyses of subsets showed statistically significant results
particularly for acute leukaemia in children under five years
of age living in the inner 5-km zone (RR 3.01; 95%CI
[1.25;10.31]). When five more years of data had been accrued

0959-8049/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2007.10.024
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(1991-1995) the study was repeated: the RR for all cancers
amongst children under 15 living within a 15-km zone was
1.05 (95% CI [0.92;1.20]) and the RR for acute leukaemia
amongst children under 5 living within a 5-km zone was
1.39 (95% CI [0.69;2.57]).8

In the late 1990s, a third party obtained data up to 1998
from the German Childhood Cancer Registry (GCCR) by
county via the Bundesamt fiir Strahlenschutz (Federal Office
for Radiation Protection) for the State of Bavaria. The data
were analysed in an exploratory manner applying linear
regression to standardised incidence ratios (SIR’s) by county.
Elevated SIR’s were observed for selected combinations of
years, counties, and disease subgroups around Bavarian nu-
clear power plants. The GCCR criticised the methods used
in this analysis.9 Nevertheless the results, published over
the Internet but never in a peer-reviewed journal and quoted
briefly by the Deutsches Arzteblatt,'® were sufficiently alarm-
ing to the public to induce the German Federal Ministry for
the Environment, Nature Conservation and Nuclear Safety
to call for applications for another study. The design origi-
nated from discussions with a Bundesamt fiir Strahlenschutz
(Federal Office for Radiation Protection)-expert committee.
The design was influenced by the exploratory results of the
previous studies.™ The study is a matched case-control study
in which the exposure surrogate is the distance of individual
residences at the date of diagnosis from the nearest nuclear
power plant. Data from 1996 to 2003 are now included.

The main question of the investigation presented here is:
Is the risk of childhood cancer associated with living in the
proximity of nuclear power stations? The distance measure,
previously based on community midpoints, is now deter-
mined by the place of residence at the date of diagnosis. A
subset of cases and controls was to be interviewed with re-
gard to potential confounders.

Since the emissions from a nuclear power plant add only
minimally to the background radiation level, no effect would
be expected on the basis of the usual models for the effects of
low levels of radiation, as presented by the biological effects
of ionizing radiation (BEIR) — Committee and the international
commission on radiological protection (ICRP).'>'* However,
these models are based mainly on data from adults, as child-
hood cancer is very rare. The BEIR Committee reviewed stud-
ies on leukaemia/childhood cancer of populations living
around nuclear facilities but did not draw any conclusions
from them, as they generally do not include individual esti-
mates of radiation dose.*?

This paper presents the overall results of the recent study
conducted by the GCCR. Another paper presents the results
for leukaemia and the comparison with the previous ecologi-
cal studies in more detail."*

2. Materials and methods

2.1. Nuclear power plants

The study covered the data available at the GCCR for 1980-
2003. The expert committee selected all 16 sufficiently large
and long running German nuclear power plants, resulting in
the inclusion of only West German nuclear power plants. A
power plant was considered relevant for the study from 1 year

after it started producing energy until 5 years after ceasing to
operate (Table 1). The committee then selected areas around
these power plants, with an emphasis on the east side be-
cause of the predominant west winds in Germany. For each
nuclear power plant, the corresponding county, its next
neighbour and usually one more county east of it were to be
included. These counties define the area for this specific nu-
clear power plant. These areas overlap for several nuclear
power plants. The total study area is shown in Fig. 1. The bor-
ders shown are county borders. As can be seen, nuclear power
plants tend to sit close to district borders. A county in Ger-
many consists either of one large city (community) or of a lar-
ger mixed/rural area with a varying number of smaller towns
and villages (communities).™

2.2. Participants

One thousand five hundred and ninety two cases of cancer
amongst children under 5 years of age, with oncologic dis-
eases included in the International Classification of Child-
hood Cancer (ICCC)™ resident in the study area at the date
of diagnosis with known address and diagnosed in the rele-
vant study period of the nearest nuclear power plant were in-
cluded. All cases were matched with controls selected from
the records of the appropriate registrar’s offices. The controls
were matched for date of birth (as closely as possible but at
least within 1.5 years), age, sex and nuclear power plant area
(at the date of diagnosis). Per control, a community was se-
lected randomly out of the respective area according to the
case-corresponding population (by sex, age and year of diag-
nosis). This community was asked to make available ad-
dresses and names of children with the matching criteria.
From this address list the control closest to the date of birth
of the case was selected.

Not all communities complied with our request to provide
the addresses of controls. Six controls per case were re-
quested and three of these were selected randomly. Finally,
4735 controls were used in the analysis.

For all case and control children, the geo-code of the place
of residence at the date of diagnosis was obtained from the
Land register.’® For 9.9% of the case children and 8.4% of the
controls, the address could not be coded and was replaced
by the street mid-point (140 cases, 359 controls) or by the
community or zip-code area mid-point (20 cases, 40 controls).
The position of the chimney of each nuclear power plant was
coded in the same way from high-resolution maps. All dis-
tances were given in metres.

2.3.  Control for potential confounders

To assess potential confounding, the families of a subset of
all cases and controls were invited to participate in a tele-
phone interview covering other potential risk factors for
childhood cancer.”’*® The subset included all cases with
selected diagnoses (leukaemia, lymphoma or a central ner-
vous system tumour) diagnosed in 1993-2003 and their con-
trols. The questions were summarised to a total of 20
potential confounders: social status, information on addi-
tional radiation exposure (parents, child), other risk factors
(such as pesticides, mother’s hormone intake), immune sys-
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Table 1 - Relevant nuclear power plants and their operation periods and study periods

Name

Operating period

Study period

Brunsbiittel
Brokdorf
Krimmel

Stade
Unterweser
Lingen

Emsland
Grohnde
Wiirgassen
Grafenrheinfeld
Biblis

Obrigheim
Neckarwestheim
Philippsburg

Isar
Gundremmingen

23.06.1976 - 31.12.2003
08.10.1986 - 31.12.2003
14.09.1983 - 31.12.2003
08.01.1972 - 31.12.2003
16.09.1978 - 31.12.2003
31.01.1968 - 05.01.1977
14.04.1988 - 31.12.2003
01.09.1984 - 31.12.2003
10.10.1971 - 26.08.1994
09.12.1981 - 31.12.2003
16.07.1974 - 31.12.2003
22.09.1968 - 31.12.2003
26.05.1976 - 31.12.2003
09.03.1979 - 31.12.2003
20.11.1977 - 31.12.2003
14.08.1966 — 13.01.1977°
09.03.1984 - 31.12.2003

01.01.1980 - 31.12.2003
08.10.1987 - 31.12.2003
14.09.1984 - 31.12.2003
01.01.1980 - 31.12.2003
01.01.1980 - 31.12.2003
01.01.1980 - 05.01.1982
14.04.1989 - 31.12.2003
01.09.1985 - 31.12.2003
01.01.1980 - 26.08.1999
09.12.1982 - 31.12.2003
01.01.1980 - 31.12.2003
01.01.1980 - 31.12.2003
01.01.1980 - 31.12.2003
09.03.1980 - 31.12.2003
01.01.1980 - 31.12.2003
01.01.1980 - 31.12.2003

All periods right censored at 31.12.2003 (end of study) and study periods left censored at 1.1.1980 (start of childhood cancer registration). The

order is roughly North to South.
a The ‘gap’ was intentionally included in the study period.

tem related issues (such as vaccinations, breast feeding and
child’s social interaction), type of region and folic acid in
pregnancy. In addition, we asked about previous residences
of the child.

2.4. Statistical methods

The main question was whether there is a monotonic
descending relation between proximity of place of residence
at the date of diagnosis to the nearest nuclear power plant in-
cluded in the study at the time of diagnosis and the risk for
childhood cancer. On the basis of the linear no-threshold
low-dose effect excess relative risk-models as proposed by
the BEIR Committee, the ICRP and the dispersion models pre-
sented by the United Nations Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR), a conditional logistic
regression with 1/(distance) as the continuous independent
variable was used.’®'*'? In the following 1/(distance in km)
is referred to as measure of proximity. We adopted the view
proposed by BEIR that a beneficial effect of radiation cannot
be expected even at extremely low doses.’ This is the basis
for the one-sided analysis.

Additionally, categorical analyses were performed for the
inner 5- and 10-km zones versus the respective outer zones.
The results of the categorical models and the continuous
model were compared by calculating the corresponding odds
ratio (OR) from the continuous model, using the mean prox-
imity of the controls in the respective inner zone. The condi-
tional logistic regression model included one proximity
measure at a time (continuous or categorical) and no other
covariates.

If it is assumed that the estimated odds ratios are approx-
imations of relative risk estimates, the categorical results can
be converted to population attributable risks and to an attrib-
utable risk fraction for exposed cases with corresponding
confidence intervals.”®

The primary analysis included all cases in children under 5
years of age at diagnosis. The diagnostic groups defined in
advance in the study protocol were leukaemia (ICCC Ia-e),
lymphoid leukaemia (ICCC Ia), acute non-lymphocytic
leukaemia (ICCC Ib), central nervous system tumours includ-
ing medulloblastoma (ICCC Illa-f) and embryonal tumours
except for medulloblastoma (ICCC IVa, V and VIa). Detailed
results for the leukaemia subgroups are presented else-
where.’ In further subgroup analyses, we divided the
operating periods of the nuclear power plants by half, and
we analysed only those who were to be interviewed. All
regression results are presented with one-sided lower confi-
dence limits (CL) at a significance level of 5%.

2.5.  Sensitivity analyses

The randomness of the selection of the three matched con-
trols from the maximum of six controls was assessed by
repeating the regression using all available (up to 6) controls.
The appropriateness of the fitted curve was investigated by
fractional polynomial and Box-Tidwell-models for assessing
the ‘best fitting’ curve (based on the deviance).?**?

Further sensitivity analyses were required in addition to
those planned in advance. While 10% of the communities
generally refused to provide control addresses, the proportion
of refused addresses was higher (16%) amongst the communi-
ties situated in the inner 5-km zone. Therefore, the relevant
analyses were repeated only for cases and controls from com-
munities which provided control addresses.

The questionnaire part of the study raised a strong suspi-
cion that communities might have sent the addresses of per-
sons who were never resident in the respective community
before the date of diagnosis of the corresponding case (about
5%). We therefore simulated artificial datasets by removing
this 5% of controls from the analysis, assuming these 5% were
either randomly distributed with respect to distance from the
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Brunsbuettel

Unterweser

Lingen / Emsland

Grohnde

Wuergassen

Philippsburg

Legend

®  Sclected Nuclear Power Stations

- Selected Counties

Brokdorf

Stade

Neckarwestheim

Isar

Gundremmingen

Kilometers

Fig. 1 - Selected nuclear power plants and study areas in Germany. Each nuclear power plant is identified by name;

Lingen/ Emsland are two reactors 2 km from each other.

nuclear power plant, or more likely to live close to it or far
from it. For a sub sample of the controls (45%) we were able
to check the address information at the date of diagnosis of
the corresponding case. Amongst these we found 15% of con-
trols that had not lived in the indicated place at that time,
though they might have lived there prior to the date of diag-
nosis of the corresponding case. The analysis was repeated
including only controls, where the address could be checked

and excluding those, whose address at the date of diagnosis
of the corresponding case had been incorrect.

The previous German studies had shown single nuclear
power plants to influence the results considerably, so the cal-
culations were repeated leaving the nuclear power plants out
of the analysis one by one.

As confounder assessment we planned to use a change by
more than one standard deviation (out of the calculation for



EUROPEAN JOURNAL OF CANCER 44 (2008) 275-284

BILAGA D

Protokoll fran allmant samradsméte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

the respective subset of cases not including any confounder
variables) of the continuous proximity parameter.

To ensure the correctness of our analyses all relevant com-
putations were repeated independently by the coordinating
centre of clinical trials (KKS) of the University of Mainz.

3. Results

Table 2 shows the characteristics of the case children and the
controls. The age and sex distributions were similar, as these
were matching criteria. The case children lived 1.2-81.6 km
from the nearest nuclear power plant and the controls be-
tween 1.1km and 92.0 km.

The parameter from the continuous model for the mea-
sure of proximity was f=1.18 (lower one-sided 95% confi-
dence limit [CL] 0.46) (Table 3, Fig. 2). The diagnostic groups
defined in the study protocol showed a statistically significant
effect only for leukaemia, which was stronger than the gen-
eral effect (Table 2). We also give the complementary calcula-
tion beyond the study protocol (non-leukaemia cases, Table
3). No statistically significant difference was found comparing
the first and second half of the respective operating periods of
the nuclear power plants. The effect in the subgroup eligible

for interviewing was almost the same as that in the study
as a whole, although it was not statistically significant be-
cause of small numbers (f=1.05; lower one-sided 95% CL
-0.30) (Table 3).

When the continuous model was refitted with all available
(maximally 6) controls per case (1592 cases, 8527 controls),
the parameter estimate was f=1.18 (lower one-sided 95%
CL 0.50), which is identical to that obtained with the three se-
lected controls (compare to Table 3). When the model was
refitted after exclusion of communities that did not provide
control addresses (leaving 1310 cases and 3905 controls), a
statistically significant parameter estimate was found
B =1.01 (lower one-sided 95% CL 0.24) (compare to Table 3).

When 5% of all controls were either excluded randomly
from the dataset with respect to their distances from the
nearest nuclear power station, or selectively from close to or
far from the nearest nuclear power station, we found average
statistically significant estimated regression parameters of
1.18, 1.54 or 1.09, respectively, based on 1000 simulations
each. These are all close to the results found with the full data
(compare to Table 3). Excluding the controls from the analysis,
which had their address at the date of diagnosis checked and
found incorrect, led to an estimated regression parameter of

Table 2 - Characteristics of cases of all malignancies in children under 5 years of age, as defined by the ICCC, diagnosed in

1980-2003 resident in the study areas, and their matched controls

Cases Controls
N % N %

All 1592 100.0 4735 100.0
Boys 893 56.1 2656 56.1
Girls 699 43.9 2079 43.9
Age (years)
0—<1 344 21.6 1016 21.5
1-<2 330 20.7 984 20.8
2-<3 340 214 991 20.9
3-<4 315 19.8 947 20.0
4-<5 263 16.5 775 16.4
5-<6 0 0.0 22 0.5
Diagnostic groups®

Leukaemia 593 37.3 1766 37.3

Central nervous system tumours 242 15.2 720 15.2

Embryonal tumours 486 30.6 1447 30.5

Other 271 17.0 802 16.9
First half of power plant operation period 698 43.8 2073 43.8
Second half of power plant operation period 894 56.2 2662 56.2
Eligible for interview (1993-2003, selected diagnoses) 471 29.6 1402 29.6
Distance from nearest nuclear power plant (km)
<5 77 4.8 148 3.1
5-<10 158 919 464 9.8
10-<20 523 329 1589 33.6
20-<30 403 25.3 1181 24.9
30-<40 225 14.1 726 15.3
40-<50 137 8.6 371 7.8
>50 69 4.3 256 5.4
Mean proximity measure® in the inner 5-km zone 0.3133 - 03245 -
Corresponding harmonic mean distance (km) 3.2 31

a Controls matched to cases with respective diagnosis.
b Proximity measure = 1/distance in km (kilometres).
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Table 3 - Estimated parameters from the conditional continuous logistic regression model for all cancers, diagnostic

groups and some relevant time periods

Estimated Lower one-sided 95% N cases N controls
regression confidence limit
coefficient
All malignancies 1980-2003 1.18 0.46 1592 4735
Diagnostic groups 1980-2003
Leukaemia 1.75 0.65 593 1766
Central nervous system tumours -1.02 -3.40 242 720
Embryonal tumours 0.52 —0.84 486 1447
All malignancies except leukaemia 0.76 -0.20 999 2969
First half of power plant operation period 1.89 0.85 698 2073
Second half of power plant operation period 0.54% —-0.47 894 2662
Eligible for interview: diagnosed 1993-2003 1.05 -0.30 471 1402

with leukaemia, lymphoma,
or a central nervous system tumour

a The difference between the first and the second half was not statistically significant.

33

Odds Ratio (log scale)

0 5 10 15 20 25 30 35 40 45 50

Distance of place of residence from nuclear power station (km)
Fig. 2 - Graphical representation of the main regression
analyses. Estimated regression curve for all malignancies
versus distance from nearest power plant, based on 1592
cases and 4735 matched controls based on conditional
logistic regression modelling. Distance axis cut off at 50 km.
Black line: continuous fitted regression curve. Dotted curved
line: lower one-sided 95%-confidence limit of continuous
fitted regression curve. Dotted straight lines: categorical
analysis for <5 km and <10 km respectively.

1.05, which again does not differ much from the full data
(compare Table 3).

Leaving the nuclear power stations out of the data set one
by one yielded statistically significant regression coefficients
close to the overall estimate.

Fractional polynomial modelling and the Box-Tidwell
model both suggested that an alternative measure of proxim-
ity of the form 1/,/(distance) would fit slightly better than 1/
(distance), but not significantly so.

The categorical analyses showed a statistically significant
effect for children living in the inner 5-km zone OR=1.61
(lower one-sided 95% CL 1.26). Comparing diagnostic groups,
the effect was again found only for leukaemia (OR = 2.19; low-

er one-sided 95% CL 1.51). Living in the inner 10-km zone had
a far smaller effect (OR = 1.18; lower one-sided 95% CL 1.03).
The fitted curve for all malignancies predicted similar OR’s
for the inner 5-km and 10-km zone as obtained by the cate-
gorical analysis (Table 4, Fig. 2).

Based on the categorical analysis, our result indicates that
29 out of the total observed 77 cases (38%; 95% CI [24%;61%])
diagnosed in the inner 5-km zone in 1980-2003 may be attrib-
uted to the fact that they were living in this 5-km zone. These
were 1.2 cases per year, representing 0.2% (95% CI [0.1%; 0.4%)])
of all 13,373 cases of cancer in children under 5 years in Ger-
many in those years.

4. Discussion
4.1. Principal findings

Our results show an increased risk for cancer amongst chil-
dren under 5 years of age living in the proximity of nuclear
power plants in Germany. The continuous model, in agree-
ment with the categorical analyses, identified the inner 5-
km zone as the zone of increased risk (about 1.5-fold higher).
The observed effect was largely restricted to leukaemia
(Tables 3, 4).

Expression of the categorical estimate for living in the in-
ner 5-km zone as an attributable risk fraction would attribute
29 out of 77 observed cases (38%; 95% CI [24%;61%]) in 1980-
2003 to having lived in that zone representing 0.2% (95% CI
[0.1%;0.4%]) of all 13,373 childhood cancer cases under 5 years
in 1980-2003 in Germany.

4.2. Previous studies

The associations found in our study were strongest for leu-
kaemia in children under 5 years of age living within a 5-
km zone of a nuclear power plant. This group had yielded
the most notable exploratory result in the first of the previous
ecological studies.”® It has to be pointed out that the cases of
this study diagnosed in the study years 1980-1995 had already
been included in the previous studies and that the results pre-
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Table 4 - Estimated odds ratios from the conditional categorical and continuous logistic regression models for all cancers

and for diagnostic groups

OR for inner 5 km derived Modelling 5-km OR for inner 10 km derived Modelling
from continuous model®*  distance categorically from continuous model® 10-km distance
categorically
OR Lower one- OR Lower one- OR Lower one- OR Lower one-
sided 95% sided 95% sided 95% sided 95%
confidence confidence confidence confidence
limit limit limit limit
All malignancies 1.47 1.16 1.61 1.26 1.23 1.09 1.18 1.03
Diagnostic groups
Leukaemia 1.76 1.24 2.19 1.51 1.37 1.12 1.33 1.06
Central nervous 0.72 0.33 0.81 0.37 0.83 0.54 1.03 0.71
system tumours
Embryonal tumours 1.19 0.76 1.20 0.75 1.10 0.86 1.05 0.81

Cases diagnosed/controls resident in the study area in 1980-2003.

OR: odds ratio.

a Using the mean proximity measure of the controls in the inner 5-km zone: 1/(distance in km) = 0.3245.
b Using the mean proximity measure of the controls in the inner 10-km zone: 1/(distance in km) = 0.1786.

Table 5 - Results of studies on all malignancies under the age of 5 years in the vicinity of nuclear power plants performed

at the German Childhood Cancer Registry: previous studies 1 and 2 compared to recent study (categorical estimates)

95%-confidence Cases 5-km zone
interval/lower
one sided 95%

confidence limit

Relative risk
estimate/Odds ratio

Study periods

Previous studies

1980-1990 Study 1 1.43 [0.89;2.43]* 45

1991-1995 Study 2 0.97 [0.50;1.89]* 22

1980-1995 Study 1+2 1.24 [0.84;1.85]* 67

Recent study: Results shown for previous studies’ study periods, for the period following the previous studies and for the total study period
1980-1990 (period of study 1) 1.99 1.33° 31
1991-1995 (period of study 2) 1.41 0.90° 20
1980-1995 (period of previous studies 1 + 2) 1.70 1.26° 51
1996-2003 (period following previous studies) 1.45 0.96° 26

1980-2003 (total recent study period) 1.61 1.26° 77

Relative risks and odds ratios by different study periods in the inner 5-km zone (periods shown analogous to periods of former studies).

a Relative risk resulting from ecological study, two-sided 95% confidence interval.
b Odds ratio resulting from case-control study, lower one-sided 95% confidence limit.

sented here are consequently not entirely independent. Table
5 summarises the findings from the previous studies for all
malignancies, cases under the age of five in the inner 5-km
zone. It compares them with the results of this case—control
study split up by the previous study periods (1980-1990,
1991-1995) and separating the new study years (1996-2003).
The observed effect estimate is larger in the earliest study
period (Table 5). This corresponds to the observation, that
the regression parameter is larger in the first half of the nu-
clear power plant operation periods, though not significantly
so (Table 3). While the ecological effect estimates are smaller,
they are generally in the same order of magnitude (Table 4). It
is thus unlikely, that the previous findings were affected by
ecological bias in a major way.

This issue will be discussed more thoroughly for leukae-
mia in a separate paper.’*

4.3.  Strengths and weaknesses

The GCCR, founded in 1980, is a nationwide childhood cancer
registry cooperating with all paediatric oncology units and
therapy optimisation studies in Germany. Registration for
cases under the age of 15 is 95% complete since the mid-
1980ies.?® Almost all cases are registered with their full ad-
dress at the date of diagnosis. Given this data base, this is
one of the largest studies with this objective world wide
(1592 cases, including 593 leukaemia cases).

Distance to the nearest nuclear power plant at the date of
diagnosis is a crude surrogate for potential exposure to radia-
tion, however, it does not account for topography, weather,
vegetation, differences in background radiation, other
sources of individual exposure to radiation or the time
actually spent by the individual in the home. Information
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on previous residences of the child from the questionnaire
could not be used in the analysis due to poor and selective
participation in the questionnaire part of the study (see be-
low). The extremely low number of parents reporting occupa-
tion in a nuclear installation (0 cases, 4 controls) did not allow
evaluating an effect of parental radiation exposure.

The former studies investigated only the inner 15-km
zone. In the case control study, the study areas around the
nuclear power plants were very large and included cases
and controls from up to about 100-km distance from the nu-
clear power plants, which increases the statistical power
slightly. Adding unexposed cases and controls does not, how-
ever, cause bias.

German nuclear energy providers are required to maintain
the exposure of the population below 0.3 mSv/year.”* Com-
pared to this, the annual background radiation exposure esti-
mated for the German population is 1.4 mSv/year. The
average annual dose of persons of any age from medical pro-
cedures is 1.8 mSv, though this is lower for children (no spe-
cific figures given).”> The actual emissions from nuclear
power plants are far lower; e.g. for a 50-year-old person in
1991 living 5 km from one of the German nuclear power sta-
tions included in the study, the expected cumulative exposure
to atmospheric discharges would have ranged from
0.0000019 mSv (Obrigheim) to 0.0003200 mSv (Gundremmin-
gen).?® At these levels of radiation, no detectable effects are
expected from the usual models.'>**

The sensitivity analyses for the various expected and
unexpected problems in control recruitment yielded statisti-
cally significant regression parameters of a similar magnitude
to that reported in Table 2. We conclude that the biases due to
these problems were small and the results cannot be ex-
plained by the biased control recruitment. The specificity of
the effect for leukaemia makes it unlikely that biased control
recruitment is the explanation for the effects seen in this
study. The analysis excluding the nuclear power station areas
one by one showed that the result is not caused by a specific
nuclear power plant.

With regard to uncontrolled confounding, there may be
other risk factors close to nuclear power stations, although
no risk factors of the necessary strength for this effect are
known for childhood cancer and specifically childhood leu-
kaemia. We saw considerable self-selection by the persons
who were to be interviewed, so that those who were inter-
viewed were not representative of the study population as a
whole, particularly with respect to their distance distribution
from nuclear power plants. Assessing the change in the
(biased) estimate by confounders as planned nevertheless,
showed that none of them changed the distance parameter
estimate by more than one standard deviation. This is true
for all diagnoses investigated in the survey subset of the study
as well as for diagnosis subgroups.

4.4. International context

The best-known quantitative summaries of current knowl-
edge on the effects of environmental low-dose radiation ef-
fects are based mostly on adult data. Children are included,
but their small number makes a negligible impact. These
models deal mainly with solid tumours and adult leukaemia,

applying them to children or to acute leukaemia should be
done with caution.’®* The BEIR Committee has refused to as-
sess studies of residents living near nuclear facilities, many of
which had childhood cancer as the main objective, because of
lack of actual data on exposure. They are reviewed, but not
summarised or discussed beyond this.'? Many other studies
have addressed the health risks of children of parents ex-
posed (occupationally or to radiation from the atomic bombs
dropped in Hiroshima and Nagasaki) and these are therefore
not comparable. If we had nevertheless applied the models
proposed for adults, no detectable effect would have been
predicted.

A French study of a design similar to that of the earlier
incidence studies in Germany, in which SIR were computed
for communities by distance, found no elevated SIR for leu-
kaemia amongst children under five living in the inner 5-km
zone of French nuclear installations (670 cases, SIR 0.97;
95% CI [0.69;1.33]).”” When this study was repeated, with dis-
tance replaced by estimated gaseous discharges, neither the
highest exposure category (>0.001 mSv/year; 750 cases, SIR
0.93; 95% CI [0.30;2.17]), nor any other exposure category
was associated with an elevated SIR for leukaemia.?® A recent
study addressed the risk for leukaemia of children under six
years of age in countries near the Chernobyl site (421 cases),
on the basis of estimated cumulative doses from gaseous dis-
charges and from food, derived from individual residence his-
tories. This study estimated an OR of 1.46 (95% CI [1.00;2.12])
for doses between 1 and 5mGy compared with <1 mGy.?
1mGy is a far higher exposure than from a nuclear power
plant under regular conditions in Germany.?®

For some of the nuclear power plants in relatively isolated
communities in northern Britain, Kinlen suggested popula-
tion mixing as a potential cause of elevated leukaemia risks.*°
We inspected migration figures,?* but there are no indications
that any of the nuclear sites investigated here were particu-
larly isolated and all have average migration at any time dur-
ing the study period. This is not to say that infective causes
may not in principle be an alternative explanation for the pat-
terns we see in this study.

5. Conclusion

The design of this study aimed to clarify issues raised by pre-
vious ecological studies in Germany by using the same data
plus more recent cases in a case-control study assigning indi-
vidual distance estimates (as compared to community based
zones). In Germany 1980-2003 we see an increased risk for
cancer in children under 5 years of age, particularly leukae-
mia, when living in proximity (<5 km) to a nuclear power sta-
tion. This not consistent with most
international studies, unexpected given the observed levels
of radiation, and remains unexplained. We cannot exclude
the possibility that this effect is the result of uncontrolled
confounding or pure chance.

observation is
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CHILD LEUKEMIA DEATH RATES INCREASE NEAR U.S. NUCLEAR PLANTS
RISES GREATEST NEAR OLDEST PLANTS, DECLINES NEAR CLOSED PLANTS

New York, . Leukemia death rates in U.S. children near nuclear reactors rose sharply (vs. the national trend) in the past two decades, according to a recent
study.

The greatest mortality increases occurred near the oldest nuclear plants, while declines were observed near plants that closed permanently in the 1980s and
1990s. The study was published in the most recent issue of the European Journal of Cancer Care.

The study updates an analysis conducted in the late 1980s by the National Cancer Institute (NCI). That analysis, mandated by Senator Edward M. Kennedy
(D-MA), is the only attempt federal officials have made to examine cancer rates near U.S. nuclear plants.

U.S. Rep. Edward J. Markey (D-MA), a senior member of the House Energy and Commerce Committee, said

“Nothing is more important to American families than the health of their children. It is critical that we continue to improve our understanding
of the causes of child leukemia and learn how this heartbreaking disease be prevented, therefore this study deserves critical consideration.”

Actor and advocate Alec Baldwin said

“exposure to ambient levels of radiation near nuclear reactors used by public utilities has long been suspected as a significant contributor to
various cancers and other diseases.” Baldwin, who has a long-standing interest in radiation health issues, adds “nuclear power is not the
clean, efficient energy panacea to which we are presently being reintroduced. It is dirty, poses serious security threats to our country, and is
ridiculously expensive. Nukes are still a military technology forced on the American public with a dressed up civilian application.”

Study authors were epidemiologist Joseph Mangano MPH MBA, Director of the Radiation and Public Health Project and toxicologist Janette Sherman MD of
the Environmental Institute at Western Michigan University. They analyzed leukemia deaths in children age 0-19 in the 67 counties near 51 nuclear power
plants starting 1957-1981 (the same counties in the NCI study). About 25 million people live in these 67 counties, and the 51 plants represent nearly half of
the U.S. total).

Using mortality statistics from the U.S. Centers for Disease Control and Prevention, Mangano and Sherman found that in 1985-2004, the change in local
child leukemia mortality (vs. the U.S.) compared to the earliest years of reactor operations were:

® An increase of 13.9% near nuclear plants started 1957-1970 (oldest plants)
® An increase of 9.4% near nuclear plants started 1971-1981 (newer plants)
® A decrease of 5.5% near nuclear plants started 1957-1981 and later shut down

The 13.9% rise near the older plants suggests a potential effect of greater radioactive contamination near aging reactors, while the 5.5% decline near closed
reactors suggests a link between less contamination and lower leukemia rates. The large number of child leukemia deaths in the study (1292) makes many
of the results statistically significant.

The Mangano/Sherman report follows a 2007 meta-analysis also published in the European Journal of Cancer Care by researchers from the Medical
University of South Carolina. That report reviewed 17 medical journal articles on child leukemia rates near reactors, and found that all 17 detected elevated
rates. A January 2008 European Journal of Cancer article that found high rates of child leukemia near German reactors from 1980-2003 is believed to be the
largest study on the topic (1592 leukemia cases).

The carcinogenic effects of radiation exposure are most severe among infants and children. Leukemia is the type of childhood cancer most closely associated
with exposures to toxic agents such as radiation, and has been most frequently studied by scientists. In the U.S., childhood leukemia incidence has risen
28.7% from 1975-2004 according to CDC data, suggesting that more detailed studies on causes are warranted.

The Radiation and Public Health Project is a non profit group of health professionals and scientists based in New York that studies health risks from
radioactive exposures to nuclear reactors and weapons tests. RPHP members have published 23 medical journal articles on the topic. A copy of the child
leukemia article (PDF or faxed) is available upon request from Mangano and is also availale online by clicking here.
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Letter to the editor

Childhood Leukaemia Near Nuclear Installations

To the Editor:

A recent meta-analysis by Baker and Hoel (2007) docu-
mented consistently elevated leukaemia incidence and
mortality in children, especially those under age 10 years,
near nuclear installations. Although a consistent dose—
response association was not found, results suggest more
detailed investigation is in order. The report extends an
investigation of low-dose radiation exposure and child-
hood leukaemia risk that began in the late 1950s, when a
near-doubling of leukaemia mortality by age 10 years from
in utero pelvic X-rays was documented (Stewart et al.
1958).

The studies cited by the authors indicate that more
current data may be needed. Of the 17 studies in the
meta-analysis, 12 were published before 1994, raising the
question of whether the findings accurately represent
present patterns of childhood leukaemia. Only one study
examined US nuclear plants, even though the USA is
home to nearly one-fourth of all nuclear power reactors
worldwide. This report examined cancer mortality rates
near US plants that began operating before 1982, before
and after startup, but ended with 1984 data (Jablon et al.
1991). The availability of historical mortality data on the
US Centers for Disease Control and Prevention web site
makes an update of this study feasible. The prior study,
conducted by the US National Cancer Institute, presented
mortality data for childhood leukaemia (age 0-9 and
10-19 years) near 51 US nuclear power plants. It used a
Standard Mortality Ratio (SMR), defined as the proportion
of the local to national death rate, to analyse temporal
changes near nuclear plants after startup. (The one or two
closest counties to each plant were selected as the local
area.) It is now possible to observe any changes in SMR for
childhood leukaemia as nuclear plants age. Table 1 com-
pares the ratio for the year after startup through 1984 to
the period 1985-2004. The 51 plants are also divided into
three categories: older plants (startup from 1957 to 1970
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and still operating), newer plants (startup from 1971 to
1981 and still operating) and plants permanently closed.
The local areas constitute a total of 67 counties, with a
current population of about 25 million, or 8% of the US
total.

We observe a uniform pattern of increase in childhood
leukaemia SMR from the earlier period to the most recent
20 years for the plants that remain in operation. The great-
est changes occurred in the older plants; the leukaemia
SMR for children aged 0-19 years rose 13.9%, from 0.986
to 1.123 (P < 0.02). Areas closest to the newer plants had a
smaller increase of 9.4% (SMR from 0.897 to 0.981, not
significant). For both groups of plants, the SMR rose more
rapidly for the 10-19 age group compared with the 0-9
group, a pattern that is inconsistent with the Baker and
Hoel findings. The areas near the closed plants experi-
enced an insignificant 5.5% decrease in SMR, from 1.028
to 0.971. In the most recent two decades, a total of 1037
childhood leukaemia deaths occurred near the plants still
operating, while 255 occurred near the closed plants.

Current (1985-2004) local childhood leukaemia mor-
tality near older US plants still operating is above the US
rate (SMR > 1.00), while mortality near newer plants is
below the US (SMR < 1.00). While it is feasible that
higher emissions of radioisotopes into the environment
from older plants may account for the observed trends,
caution should be used when interpreting the data.
There may be demographic differences between the two
groups that can include factors affecting mortality risk
such as poverty, proximity to medical facilities and pres-
ence of other environmental pollutants. Prudence should
also be used when reviewing results for the areas near
closed reactors. It is possible that reduced emissions
after closing are associated with reduced childhood leu-
kaemia mortality, but other possible confounding factors
should be considered.

The analysis is also affected by the time frames used in
the early years after nuclear plant startup. Anywhere from
3 to 27 years after startup was used by the US National
Institute in the earlier period,

Cancer according
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Table 1. Change in Standard Mortality Ratio (SMR), childhood leukaemia; US nuclear plants started 1957-1981; startup—1984 vs.

1985-2004

SMR (deaths)
Age (years) Startup-1984 1985-2004 % Change in SMR
All plants still operating, startup 1957-1981 (n = 39)
0-9 1.004 (639) 1.077 (504) +7.3 P <024
10-19 0.910 (516) 1.038 (533) +14.1 P <0.04"
Total 0-19 0.960 (1155) 1.055 (1037) +9.9 P <0.03*
Older plants still operating, startup 1957-1970 (n =12)
0-9 1.051 (487) 1.176 (292) +11.9 P<0.14
10-19 0.909 (351) 1.077 (283) +18.5 P<0.04*
Total 0-19 0.986 (838) 1.123 (575) +13.9 P<0.02*
Newer plants still operating, startup 1971-1981 (n=27)
0-9 0.880 (152) 0.964 (212) 495 P<0.39
10-19 0.913 (165) 0.996 (250) +9.1 P<0.39
Total 0-19 0.897 (317) 0.981 (462) 19.4 P<022
San Onofre plant, San Diego CA and Orange CA Counties, startup 1967
0-9 1.080 (229) 1.305 (204) +20.8 P <0.06
10-19 0.880 (171) 1.242 (199) +41.1 P <0.002*
Total 0-19 0.984 (400) 1.269 (403) 4295 P <0.0004*
All plants now closed, startup 1957-1981 (n=12)
0-9 1.015 (150) 0.962 (120) 5.2 P<0.66
10-19 1.043 (137) 0.980 (135) -6.0 P<0.61
Total 0-19 1.028 (287) 0.971 (255) 55 P<051

*Significant at P < 0.05.

to the plant. This could affect results, even though a stan-
dard of 20 years was used for the later period.

The plant with the largest local population is the San
Onofre installation in southern California, located on the
border of San Diego and Orange Counties. Results are also
presented for this site in Table 1, and a significant increase
in leukaemia SMR for children aged 0-9 and 10-19 years
was observed. Areas near other individual facilities expe-
rienced many fewer deaths, and no changes achieved
statistical significance.

Because of major therapeutic advances in the past
several decades, the childhood leukaemia survival rate is
one of the highest of any type of cancer in developed
nations. The death rate has plunged while incidence has
risen; in the USA, the childhood leukaemia mortality and
incidence changes from 1975 to 2004 were —49.0% and
+28.7% respectively. Currently, there are about seven
newly diagnosed cases of childhood leukaemia each year
for each death (Ries et al. 1975-2004). Analysis of recent
childhood leukaemia mortality data near nuclear plants
may reflect the efficacy of treatment as much as it does an
outcome of radioactive exposures or other factors. While
further study should include both incidence and mortality
data, incidence of recent childhood leukaemia patterns
near nuclear plants may provide more meaningful data.
In addition, as cancer registries acquire data for longer

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd

periods, it would be helpful to continue examining tem-
poral trends of this disorder near nuclear installations.
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APPENDIX

US nuclear plants started 1957-1981, used in Table 1, by startup date and open/closed status

Startup 1957-1970 Startup 1971-1981 Closed
Shippingport/Beaver Valley Palisades Hatch Yankee Rowe
Dresden Pilgrim Peach Bottom Big Rock Point
Indian Point Quad Cities Three Mile Island Hallam
Fermi Surry Brunswick Humboldt Bay
San Onofre Turkey Point Cook Pathfinder
Ginna Vermont Yankee Salem Haddam Neck
Nine Mile Point/Fitzpatrick Browns Ferry St. Lucie LaCrosse
Oyster Creek Fort Calhoun Crystal River Maine Yankee
Millstone Oconee Davis Besse Zion
Point Beach/Kewaunee Prairie Island Farley Rancho Seco
Robinson Arkansas 1,2 North Anna Trojan
Monticello Calvert Cliffs Sequoyah Fort St. Vrain
Cooper Station McGuire
Duane Arnold
418 © 2008 The Authors
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Meta-analysis of standardized incidence and mortality rates of childhood leukaemia in proximity to nuclear
facilities

The meta-analysis combined and statistically analysed studies of childhood leukaemia and nuclear facilities.
Focus was on studies that calculated standardized rates for individual facilities. Due to variability between
study designs, eight separate analyses were performed stratified by age and zone. One hundred and thirty-six
sites were used in at least one analysis. Unadjusted, fixed effects and random effects models were used. Meta-
rates greater than one were found in all models at all stratification levels often achieving statistical signifi-
cance. Caution must be used when interpreting these results. The meta-analysis was able to show an increase
in childhood leukaemia near nuclear facilities, but does not support a hypothesis to explain the excess. Each
type of model utilized has limitations. Fixed effects models give greater weight to larger studies; however,
population density may be a risk factor. Random effects models give greater weight to smaller studies that
may be more likely to be affected by publication bias. A limitation of the overall study design is that
standardized rates must be available for individual sites which led to exclusion of studies that only calculated
rates for multiple sites and those that presented other statistical methods. Further, dose-response studies do
not support excess rates found near nuclear facilities. However, it cannot be ignored that the majority of

studies have found elevated rates, although not usually statistically significant.

Keywords: childhood leukaemia, nuclear, radiation, meta-analysis.

INTRODUCTION

In response to the cluster of childhood leukaemia reported
near the Sellafield nuclear site in Great Britain in 1984
(Black 1984), there have been numerous studies assessing
the possible risk of childhood leukaemia due to irradiation
from nuclear sites. While many studies have found
positive associations, few results have been significant.
Although there is little doubt that exposure to radiation
increases the risk of developing leukaemia (BEIR V 1990;
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Preston et al. 1994; United Nations Scientific Committee
on the Effects of Atomic Radiation 1994; IARC 1999),
there is disagreement as to whether the amount of expo-
sure received by children living near nuclear sites is suf-
ficient to increase risk.

Determining individual exposure in proximity to
nuclear sites is problematic. Parameters that need to be
considered include type of nuclear site, wind speed and
direction, topography, plant emissions and distance from
the site. For the child, parameters include age and life-
style. Due to the difficulty in determining individual
exposure levels, researchers have largely relied on identi-
fying cases or deaths in a pre-defined area and calculating
a standardized rate without a specific reference to expo-
sure, instead, using geographical zones in the vicinity of a
nuclear site as a surrogate for exposure.



BAKER & HOEL

Within the multitude of studies, many type of inconsis-
tencies in methodology have surfaced including:

® Age — The choice of age group to study has not only
varied between studies in different countries, it has
also varied between studies of a single nuclear site.
This may reflect the uncertainties in determining at
which age a child is no longer more susceptible in
developing leukaemia than an adult.

® Arca - Since the selection of area is often arbitrary
(defined by an area with available census data), the
choice naturally lends itself to selection bias. Too small
an area may underestimate risk to children living out-
side the area and too large an area may miss a slight
increase in risk if that risk is found near the nuclear
site and much of the study area is not in the actual
exposure zone.

@ End point - Incidence data are generally preferable to
mortality data as incidence data include the census
area where the person lived at date of diagnosis. Resi-
dence at diagnosis is a better indicator of where the
person may have resided at time of exposure. Con-
versely, mortality data are more easily affected by
migration bias. Survival rates have also increased for
childhood leukaemia making incidence a better indica-
tor than mortality.

Another difficulty is that childhood leukaemia is a rare
disease and nuclear sites are commonly found in rural
areas leading to small sample sizes and, consequently, low
power to detect slight increases in risk. An advantage of a
meta-analysis is the ability to pool several cohorts that
share common study characteristics to increase sample
size and power.

MATERIALS AND METHODS
Study identification

Studies were identified by a comprehensive literature
search, review of references, government publications and
recommendations from researchers active in the field.
Rates, observed cases and expected cases from candidate
studies were validated by a second researcher to ensure
that the appropriate data were identified and transcribed
onto the spreadsheet correctly.
The criteria used for inclusion were:

1 The study must be a cohort study examining leukaemia
in proximity to a nuclear site. A study must differenti-
ate between leukaemia and lymphoma.

2 The study must include at least two of the following
three variables: observed, expected, or end point [stan-

356

BILAGA D

Protokoll fran allmant samradsmaéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n
Sidan 26 av 46

dardized incidence or mortality rate (SIR/SMR)] for indi-
vidual nuclear sites, as opposed to a summarization that
includes multiple sites.

3 If a site has zero observed cases or deaths, it is consid-
ered 0.01 for calculations.

4 The study must have at least one age category less than
26 (only ages less than 26 were used in the meta-analysis).

5 The study must indicate geographical zones in which
cases or deaths occurred.

For multiple studies on the same cohort, the most com-
plete study was used that met the study characteristics of
interest for each analysis (defined below). The primary cri-
terion used to identify the most complete study was the
longest time interval, and the secondary criterion was the
most recent publication.

Thirty-seven studies were identified for possible inclu-
sion. Seventeen studies covering 136 nuclear sites in nine
countries or former countries (East Germany) met the cri-
teria for at least one analysis.

Statistical methods

Since one of the inclusion criteria is that an end point had
to be reported for individual nuclear sites, each site was
considered as an individual study in the statistical analy-
sis. After the appropriate subset of sites had been identified
for each analysis, three separate models were used to cal-
culate a meta-SMR or meta-SIR: an overall unadjusted
model, a fixed effects model and a random effects model.

The unadjusted model is the total observed cases or
deaths divided by the total expected cases or deaths. An
alternative model to adjust for sample size is a fixed
effects model using the inverse variance-weighted method
as described by Sutton (Sutton et al. 2000).

The meta-analysis combines nuclear sites that perform
different functions and are located in a multitude of envi-
ronmental settings (with respect to topography, wind,
etc.); it is unlikely that all studies estimate the same
underlying effect size, a fixed effects model assumption.
One way to account for variation in effect size is to use a
random effects model (DerSimonian & Laird 1986; Sutton
et al. 2000).

Forest plots were used to show each site’s SMR or SIR
and corresponding 95% confidence intervals calculated by
the method of exact Poisson confidence intervals (Liddell
1984). The forest plot contains several sites and visually
represents the variability between estimates (Sutton et al.
2000).

Heterogeneity was analysed with Chi-Square Tests for
Homogeneity (Cochran 1952) and radial plots, which plot

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd



the z-statistic for each study against the reciprocal of its
standard error (Galbraith 1988). Radial plots also include
an unweighted regression line constrained through the
origin and corresponding 95% confidence regions. Studies
located outside the confidence regions contribute to het-
erogeneity (Sutton et al. 2000).

Publication bias was analysed with funnel plots, which
plot the log of the treatment effect from individual studies
and the inverse of their standard error (Sutton et al. 2000).
If the funnel plot is skewed, publication bias may be
present.

Analysis

If childhood leukaemia from radiation exposure is more
likely to occur in young children (i.e. 0-9 age group), an
analysis of the 0-25 age group may not allow the excess
risk to be identified. Similarly, if the population living
within 10 km of the nuclear site is at a much higher risk
than the population residing 10-25 km from the site, a
study including all children residing within a 25 km
radius of the nuclear site may again miss a small excess
risk to the 0-10 km population. Because the numerous
studies examined several different age groups, geographi-
cal zones and end points, it was not possible to calculate
an overall meta-SIR or meta-SMR. Therefore, we devel-
oped multiple subsets of interest as defined in Table 1.

RESULTS

Table 2 lists the studies that appeared in at least one anal-
ysis. Table 3 shows the number of sites included for each

BILAGA D

Protokoll fran allmant samradsmaéte 3 maj 2010
Sakerhetsanalysens roll i MKB:n

Meta-analysis of childhood leukaem®idan 27 av 46

analysis. One hundred and thirty-six sites were used in at
least one analysis (For Great Britain, Burghfield was
included in Aldermaston data due to the close proximity
of the sites). Seventeen studies reported 70 SIRs and 193
SMRs that met the analysis criteria for the various sites.
Five sites in the USA were excluded due to zero observed
deaths, and expected could not be calculated because only
observed and SMR were reported. When all geographical
zones were used, SMRs were reported at least twice as
often as SIRs. However, when geographical zones were
restricted to <16 km, SIRs were reported more often than
SMRs. The great disparity between reporting SIRs and
SMRs can be attributed to the sites in the USA. Jablon
reported 116 SMRs for USA sites, as compared with eight
SIRs, that met the criteria (Jablon et al. 1990). The US

Table 1. Stratification of analysis by age group, geographic zone
and end point

Analysis Age group* Geographic zone* End point
1 0-9 All SIR

2 0-9 All SMR

3 0-9 <16 kmt SIR

4 0-9 <16 kmt SMR

5 0-25 All SIR

6 0-25 All SMR

7 0-25 <16 kmt SIR

8 0-25 <16 kmt SMR

*Contains all subsets within the defined range. If more than one
study exists for a cohort, the study with the largest range within
the defined range is used. For example, 0-9 age group may include
a study that contains only 0-4 age group.

tRounded to the nearest kilometer. For example, 10 miles
converts to 16.09 km; therefore it is considered 16 km.

SIR, standardized incidence rate; SMR, standardized mortality
rate.

Table 2. Studies of childhood leukaemia and nuclear facilities that met the criteria for the meta-analysis

Study Country End point Age group* Zone (km)*
COMARE III (1989) Great Britain SIR/SMR 0-9, 0-14, 0-24 <10, <16
Goldsmith (1992) Great Britain SIR/SMR 0-9 <16

Ewings et al. (1989) Great Britain SIR 0-24 Districtt, <12.5
Baron (1984) Great Britain SMR 0-14 <8

Clarke et al. (1989) Canada SIR/SMR 0-4 Countyt
Clarke et al. (1991) Canada SIR/SMR 0-14 Countyt

Viel et al. (1995) France SIR 0-4, 0-24 <10, <35

Viel & Richardson (1990) France SMR 0-4, 0-24 <35
Hattchouel et al. (1995) France SMR 0-25 <16

Jablon et al. (1990) USA SIR/SMR 0-9, 0-19 Countyt
Mohner & Stabenow (1993) East Germany SIR 0-14 <15

Heasman et al. (1987) Scotland SIR 0-24 <12.5
COMARE 1I (1988) Scotland SIR 0-24 <12.5, <25
Hole & Gillis (1986) Scotland SIR 0-14 Adjusted postcodest
Kaletsch et al. (1997) West Germany SIR 0-14 <15

Iwasaki et al. (1995) Japan SMR 0-14 Districtt
Lopez-Abente et al. (1999) Spain SMR 0-24 <15, <30

*Categories used in at least one analysis.
tConsidered greater than 16 km.

SIR, standardized incidence rate; SMR, standardized mortality rate.

© 2007 The Authors
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study was conducted at the county level and the sites are
assigned to ‘All’ geographical region, which also accounts
for the disparity in number of sites between ‘All’ and
‘<16 km’ geographical regions.

Mortality analyses

Although all unadjusted meta-SMRs were at least 1.00,
none were statistically significant at alpha = 0.05. Table 4
shows the fixed effects and random effects meta-SMRs.
All fixed effects and random effects models were greater
than one and the 0-9 age group achieved statistical signif-
icance across geographical zones. Confidence intervals
were similar between fixed effects and random effects
models at a given strata suggesting the absence of signif-
icant heterogeneity. No significant heterogeneity was
found using Cochran Chi-Square Test for Homogeneity at
alpha =0.10.

Radial plots indicated Rancho Seco and Zion might con-
tribute considerably to heterogeneity for age group = 0-9

Table 3. Number of nuclear facilities used in each analysis

Age group  Geographic zone  End point  Number of sites
0-9 All SIR 22
0-9 All SMR 76
0-9 <16 km SIR 13
0-9 <16 km SMR 14
0-25 All SIR 50
0-25 All SMR 115
0-25 <16 km SIR 41
0-25 <16 km SMR 37

SIR, standardized incidence rate; SMR, standardized mortality
rate.

and geographical zone = ‘All’. Removing the sites resulted
in lower confidence bands of 1.00 for both models. Radial
plots also indicated Dresden, Rancho Seco, Zion and
Naraha might contribute considerably to heterogeneity
for age group = 0-25 and geographical zone = ‘All’. Remov-
ing the sites had a negligible effect on the meta-SMR and
no change in significance. Last, radial plots indicated
Aldermaston might contribute considerably to heteroge-
neity for age group=0-25 and geographical zone=
‘<16 km’. Removing Aldermaston resulted in statistically
significant SMRs for both models (Table 5).

The funnel plots for publication bias do not appear to be
skewed leading us to reject that significant publication
bias exists.

Incidence analyses

All unadjusted meta-SIRs were at least 1.00 and statisti-
cally significant. Table 6 shows the fixed effects and ran-
dom effects meta-SIRs. All fixed effects and random
effects meta-SIRs were greater than 1.00 and statistically
significant. As in the mortality results, confidence inter-
vals were similar between fixed effects and random effects
models at a given strata suggesting the absence of signif-
icant heterogeneity. Testing for heterogeneity using
Cochran Chi-Square Test for Homogeneity, no analyses
were significant at alpha =0.10.

Radial plots for age group=0-25 and geographical
zone = ‘All’ indicated that Amersham (SMR = 1.48) might
be contributing considerably to heterogeneity; and for age
group = 0-25 and geographical zone ='<16 km’, Amer-
sham and Dounreay (SMR = 3.26) might be contributing

Table 4. Mortality meta-rates for childhood leukaemia in proximity to nuclear facilities by age group and geographic zone

Fixed effects

Random effects

Age group Geographic zone Rate 95% CI Rate 95% CI

0-9 All 1.06 (1.01, 1.11) 1.06 (1.01, 1.12)
0-9 <16 km 1.23 (1.04, 1.46) 1.24 (1.03, 1.50)
0-25 All 1.02 (0.98, 1.06) 1.02 (0.98, 1.06)
0-25 <16 km 1.09 (0.97, 1.23) 1.09 (0.97, 1.23)

Table 5. Mortality meta-rates for childhood leukaemia in proximity to nuclear facilities by age group and geographic zone: excluding

sites that may be contributing to heterogeneity

Fixed effects

Random effects

Age group Geographic zone Rate 95% CI Rate 95% CI
0-9 All 1.05 (1.00, 1.11) 1.05 (1.00, 1.11)
0-9 <16 km 1.23* (1.04, 1.46) 1.24* (1.03, 1.50)
0-25 All 1.02 (0.98, 1.06) 1.02 (0.98, 1.06)
0-25 <16 km 1.18 (1.03, 1.34) 1.18 (1.03, 1.34)
*Models not reran.
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Table 6. Incidence meta-rates for childhood leukaemia in proximity to nuclear facilities by age group and geographic zone

Fixed effects

Random effects

Age group Geographic zone Rate 95% CI Rate 95% CI

0-9 All 1.25 (1.13, 1.38) 1.24 (1.12, 1.38)
0-9 <16 km 1.23 (1.07, 1.40) 1.22 (1.05, 1.41)
0-25 All 1.12 (1.06, 1.18) 1.12 (1.06, 1.18)
0-25 <16 km 1.11 (1.03, 1.18) 1.10 (1.08, 1.19)

Table 7. Incidence meta-rates for childhood leukaemia in proximity to nuclear facilities by age group and geographic zone: excluding

sites that may be contributing to heterogeneity

Fixed effects

Random effects

Age group Geographic zone Rate 95% CI Rate 95% CI
0-9 All 1.21 (1.09, 1.35) 1.21 (1.08, 1.35)
0-9 <16 km 1.14 (0.98, 1.33) 1.14 (0.98, 1.33)
0-25 All 1.10 (1.04, 1.17) 1.10 (1.04, 1.17)
0-25 <16 km 1.07 (1.00, 1.15) 1.07 (1.00, 1.15)
considerably to heterogeneity. All SIR analyses were rerun Forest plot
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We attempted to compile the most complete list of pro-
fessional journals and government publications, in
English and other languages, from around the world that
studied childhood leukaemia in the vicinity of nuclear
facilities. Observed and expected numbers were available
for 136 nuclear sites in nine countries or former countries.
The number of sites allowed for multiple analyses based
on area and age. We were able to develop unadjusted mod-
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SIR  log scale

Figure 1. Forest plot of SIR for childhood leukaemia in proximity
to nuclear facilities for: age group=0-9, geographic
zone = ‘<16 km’. Also includes the random effects meta-SIR. SIR,
standardized incidence rate.
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Figure 2. Forest plot of SMR for childhood leukaemia in proxim-
ity to nuclear facilities for: age group=0-9, geographic
zone = ‘<16 km’. Also includes the random effects meta-SMR.
SMR, standardized mortality rate.

els (summing all observed and expected and calculating a
meta-rate), fixed effects models and random effects mod-
els. Meta-SMRs and meta-SIRs were all greater than one.
Within geographical zones and for meta-SMRs and meta-
SIRs, the 0-9 age group experienced higher standardized
rates than the 0-25 age group, suggesting that the 0-9 age
group accounted for the majority of the excess cases and
deaths. No pattern was found when comparing geograph-
ical zones within age groups.

It is highly unlikely that studies for different nuclear
sites estimate the same underlying effect size. This is so
because there are multiple types of nuclear generators
operating at differing capacities, nuclear reprocessing
sites, nuclear weapons sites and uranium mining sites.
Therefore, even in the absence of evidence of heterogene-
ity between studies in a given strata, the use of a random
effects model is more appropriate. In this meta-analysis,
the meta-rates for the fixed effects and random effects
models agree so closely that the choice of model is not
critical.
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Although many of the world’s nuclear sites are repre-
sented in the meta-analysis, the inclusion rules did not
allow certain sites to be used in calculated meta-rates.
Four nuclear sites in Sweden were not included because
only an overall P-value was published. Results in Sweden
did not find a positive association between childhood leu-
kaemia and nuclear sites (Waller et al. 1995). Israel’s
nuclear generator was not included because only inci-
dence rates were reported. Similar to Sweden, no excess
cases were found (Sofer et al. 1991). The inclusion of the
Swedish and Israeli sites would have likely decreased the
meta-rates, although it is difficult to determine whether
that drop would have affected the statistical significance.
It would also have been beneficial to include nuclear sites
from the former Soviet Union, China and other countries
with nuclear facilities. However, that was not possible
and the consistently significant results that were found in
the meta-analysis cannot be ignored.

Model limitations

The unadjusted model makes no attempt in adjusting
for study size. Fixed effects models weight studies based
on sample size. Thus, a larger study has more influence
on the overall effect than smaller studies. This may be
problematic when studying childhood leukaemia, since
a possible risk factor is population density. The EURO-
CLUS study suggests that there might be an increase in
cases in the areas of intermediate population density
(Alexander et al. 1998). Therefore, weighting based on
sample size has the unintended result of giving more
influence to studies that cover areas of higher popula-
tion density, a possible risk factor. Another disadvan-
tage is the underlying assumption that each study is
estimating the same treatment effect and the treatment
effect differs solely as a result of random sample vari-
ability (Hedges & Olkin 1985; Friedenreich 1993). The
assumption is highly unlikely for reasons explained
throughout this paper. Formal tests for heterogeneity
were carried out to test the underlying assumptions of
fixed effects models. The results were not significant,
but such tests suffer from low power (Sutton et al.
2000). Random effects models have their own limita-
tions. An important limitation is the assumption that
the studies included in the meta-analysis are from a
hypothetical random distribution described by a com-
mon variance (Friedenreich 1993; Thompson & Sharp
1999). Another potential problem is that random effects
models give greater weight to smaller studies than fixed
effects models. Smaller studies may be more likely to
reflect

certain biases, including publication bias
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(Thompson & Pocock 1991; Friedenreich 1993; Roth-
man & Greenland 1998).

Explaining elevated rates near nuclear facilities

Although the meta-analysis found consistently elevated
rates for all stratification levels, it is important to note that
there are many questions still to be answered; and several
hypotheses have been proposed to explain the excess of
childhood leukaemia in the vicinity of nuclear facilities,
including environmental exposure, paternal exposure and
viral transmission [see Laurier and Bard for a thorough
summary of these hypotheses (Laurier & Bard 1999)].

Environmental exposure to radiation is a known risk
factor for leukaemia (BEIR V 1990; Preston et al. 1994;
TARC 1999). However, there is a question as to whether
the amount of exposure received by children living near
nuclear sites is sufficient to increase risk. Authors that
have used emissions data from nuclear facilities and con-
ducted dose-response studies have consistently found that
plant discharge was too low to account for the excess cases
of childhood leukaemia (Committee on Medical Aspects
of Radiation in the Environment 1986, 1988, 1989, 1996).
It also appears highly unlikely that preconception paternal
exposure to radiation increases the risk of leukaemia to
the child, an original hypothesis from the Sellafield stud-
ies (Urquhart et al. 1991; McLaughlin et al. 1993a; Parker
et al. 1993; Draper et al. 1997; Pobel & Viel 1997). Several
problems arise when conducting dose-response studies in
an epidemiologic setting. Determining an individual’s
dose relies not only on knowledge of plant emissions and
geographical parameters but also on the lifestyles of the
individuals in the population. Another difficulty is that
the expected dose-response relationship is established in
an external population, and exposure between the popu-
lation of interest and the external population may differ.
For example, many of the dose-response studies relied on
the Life Span Study of Atomic Survivors (Shimizu et al.
1988) and the Oxford Survey of Childhood Cancers (Stew-
art et al. 1970). The Life Span Study was a single acute
high-dose exposure and the Oxford Survey of Childhood
Cancers was intermittent high doses; whereas, the poten-
tial exposure from a nearby nuclear facility is most likely
a continuous low dose. It may also be that there are inter-
actions between environmental exposures that we are yet
to understand. Gibson and Wheldon believe that there
may be a synergistic effect between radiation and chemi-
cals that could increase the risk of developing childhood
leukaemia (Gibson et al. 1968; Wheldon et al. 1989).

If the amount of exposure were too low to cause the
excess risk, then one would expect that the rates remained
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consistent before and after the start-up of a nuclear facil-
ity. Several studies were able to calculate rates for regions
before and after a nuclear facility began operation (Baron
1984; Clarke etal. 1989, 1991; Jablon etal. 1990;
McLaughlin et al. 1993b; Mohner & Stabenow 1993).
Rates generally remained unchanged before and after
start-up, even in regions with elevated rates. For example,
Jablon analysed 62 nuclear sites in the USA and found that
SMRs for childhood leukaemia in the 0-9 age group were
higher before start-up when compared with after start-up.
For the four facilities that incidence data were available,
three sites had higher SIRs after start-up; however, rates
were above one for both time points (Jablon et al. 1990).
Other authors compared regions that were considered for
the installation of a nuclear facility and regions that had
an existing nuclear facility. Both types of areas had excess
mortality. It was suggested that there might be an uniden-
tified risk factor shared by these regions, other than envi-
ronmental radiation (Cook-Mozaffari et al. 1989).

A hypothesis that has been well received is the possi-
bility of an infectious origin to childhood leukaemia
caused by population mixing (Kinlen 1988). When a pop-
ulation is mixed with another population that has not pre-
viously been exposed to the virus, individuals in the
previously unexposed population may develop the disease
(Kinlen et al. 1990). Although the possibility of a viral
agent is suggested by several studies (Greaves et al. 1985;
Kinlen et al. 1990, 1993; Kinlen & Hudson 1991; Kinlen &
John 1994; Smith et al. 1998), an infectious agent has yet
to be identified.

CONCLUSION

Although there exists papers that summarize the many
studies on childhood leukaemia in proximity to nuclear
sites, as well as report other potential causes such as the
possibility of an infectious origin associated with popu-
lation mixing (Kinlen 1988; Laurier & Bard 1999), there
has not been an attempt to combine and statistically
analyse these many studies, which is the purpose of this
meta-analysis.
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Abstract: Following contamination from the Chernobyl accident in April 1986 excess
infant leukemia (0-1 y) was reported from five different countries, Scotland, Greece,
Germany, Belarus and Wales and Scotland combined. The cumulative absorbed doses to
the fetus, as conventionally assessed, varied from 0.02 mSv in the UK through 0.06 mSv in
Germany, 0.2 mSv in Greece and 2 mSv in Belarus, where it was highest. Nevertheless, the
effect was real and given the specificity of the cohort raised questions about the safety of
applying the current radiation risk model of the International Commission on Radiological
Protection (ICRP) to these internal exposures, a matter which was discussed in 2000 by
Busby and Cato [7,8] and also in the reports of the UK Committee examining Radiation
Risk from Internal Emitters. Data on infant leukemia in the United Kingdom, chosen on the
basis of the cohorts defined by the study of Greece were supplied by the UK Childhood
Cancer Research Group. This has enabled a study of leukemia in the combined infant
population of 15,466,845 born in the UK, Greece, and Germany between 1980 and 1990.
Results show a statistically significant excess risk RR = 1.43 (95% CI 1.13 < RR < 1.80
(2-tailed); p = 0.0025) in those born during the defined peak exposure period of 01/07/86 to
31/12/87 compared with those born between 01/01/80 and 31/12/85 and 01/01/88
and 31/12/90. The excess risks in individual countries do not increase monotonically with
the conventionally calculated doses, the relation being biphasic, increasing sharply at low
doses and falling at high doses. This result is discussed in relation to fetal/cell death at
higher doses and also to induction of DNA repair. Since the cohort is chosen specifically
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on the basis of exposure to internal radionuclides, the result can be expressed as evidence
for a significant error in the conventional modeling for such internal fetal exposures.

Keywords: ionising radiation; infant leukemia; child leukemia; Chernobyl

1. Introduction

The Chernobyl accident contaminated most of Europe with fission-product radioisotopes including
short-lived, high-activity lodine and Tellurium, and also fuel particles containing uranium and other
intermediate half-life isotopes, including the 30-year half life Caesium-137 [1]. In the UK, whole body
monitoring showed the persistence of Caesium-137 in the population [2] and grassland surveys enabled
the radiological modeling of equivalent dose. In general, the exposures in Europe were examined in
some detail and doses to the population were well characterized [1]. For all of the countries of Europe
except Belarus, the first year average committed effective doses were below 1 mSyv, ranging from
0.02 mSv for the whole of the UK through 0.07 mSv for the whole of Germany, 0.2 mSv for Greece up
to 2 mSv for Belarus. At these levels, the risk model of the International Commission on Radiological
Protection (ICRP) predicts no measurable health effects. The absorbed doses were less than a quarter
the mean natural background dose, and if dose has any universal radiological meaning, the exposures
must be considered safe. Nevertheless there were reported increases in infant leukemia in the in utero
exposed cohort in Scotland [3], Belarus [4] Greece [5], Germany [6] and Wales and Scotland
combined [7,8].

Busby and Scott Cato [7,8] examined the likely absorbed doses to the children and applied the
current radiation risk models of the ICRP, those employed also by all radiological protection
legislation, to show that the risk factors currently being employed for the protection of members of the
public were in error by upwards of 100-fold. Such an error might begin to illuminate other apparently
inexplicable associations between childhood leukemia and exposure near nuclear sites, notably the
ongoing child leukemia cluster near the UK Sellafield reprocessing plant in Cumbria [9] and the results
of the recent KiKK study in Germany [10]. Infant leukemia is believed to be a consequence of a gene
mutation in utero [5]. The importance of the infant leukemia results are that the in utero doses were
well characterized, and that since the cohort is so well described, there is really no other explanation
for the finding apart from exposure to ionizing radiation. Thus the existence of the effect may be taken
as a prima facie evidence of the failure of the ICRP model and may be used to determine the accurate
risk factors for this kind of internal exposure.

The seriousness of this question led in the UK to the formation of the Committee Examining
Radiation Risk from Internal Emitters (CERRIE) whose remit was to examine the assertion that for
internal exposures from fission—product radioisotopes, the true risk factors for cancer and leukemia
were much greater than those currently employed by the radiation protection legislation. It was argued
that the ICRP model was largely based on historical external radiation exposure studies, principally
that of the Japanese A-bomb survivors and may not be safe for examining internal chronic exposures.
This question was addressed in 2003 by the new European Committee on Radiation Risk (ECRR) [11]
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and also in 2006 by the French IRSN [12]. The application of the ICRP model (which is based on adult
exposures) to fetal exposures has also been questioned recently [13,14].

As part of its remit to examine the issue, CERRIE applied to the Oxford-based Childhood Cancer
Research Group (CCRG) in order to follow up the 2000 Busby and Cato analysis [7,8] by examining
the UK by contamination area and period. Data limitations had forced Busby and Scott Cato to employ
very slightly different periods to those used by Petridou et al. [5] and Kaletsch et al. [6] and CERRIE
decided to obtain data for the same periods. The first question was whether there was an effect in the
high and intermediate exposure areas of the UK if the time periods used by Petridou et al. [5] were
used to define exposure cohorts. Exposure in the UK depended upon rainfall at the time, and areas
were agreed on the basis of measurements made by the UK National Radiological Protection Board
and supplied to CERRIE. Results of the CERRIE analysis were difficult to interpret since the
committee failed to agree on the significance of the data. There were two reports. The main report
presented a statistically significant excess risk in Greece and Germany and non-statistically significant
excess risk in the UK and in Belarus but was disinclined to conclude that the effect was real [15]. A
minority of the committee argued that the effect had occurred in different countries as well as the UK
and therefore should be taken as evidence that raised questions over the adequacy of the ICRP risk
model for radiation safety [16].

2. Method

In the present study the populations of Germany, Greece and the UK and the respective population-
weighted doses, are combined into one meta-analysis which is employed to examine the risks of infant
leukemia from this type of internal exposure compared with the best available external exposure data,
that of the Oxford Series obstetric X-ray studies [17]. Standard contingency table analysis was
employed to compare risk in unexposed (periods A + C) with exposed (B) cohorts.

3. Results

Table 1 shows the time periods A, B and C employed by Petridou et al. (1996) [2] and for which the
CCRG data from the UK was made available. Table 2 gives the number of infant leukemia cases (male
and female combined) diagnosed in the period and the rates per 100,000 population 0-1 (birth
population supplied by CCRG). Table 3 gives the data for all three countries and for all cases in the
UK and compares the rates per 100,000 births with the mean population weighted fetal doses obtained
from the original data and also from the UK National Radiological Protection Board which supplied
the data to CERRIE.

Table 1. Exposure categories and time periods employed in the present study.

Cohort Group code ‘ Time period ‘ In utero exposure
Petridou et al. analysis periods

A 01/01/80 to 31/12/85 Unexposed

B 01/07/86 to 31/12/87 Exposed

C 01/01/88 to 31/12/90 Unexposed
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Table 2. Number of infant leukemia cases (rates per 100,000 births in the period) in UK by
exposure category (from CCRG).

. Exposure category
Period High Medium Low Total
A 3(3.33) 52 (2.2) 66 (3.69) 121 (2.86)
B 1(4.32) 16 (2.6) 24 (5.0) 41 (3.69)
C 2 (4.16) 39 (3.15) 35(3.5) 76 (3.33)
Total 6 (3.72) 107 (2.54) 125 (3.8) 238 (3.11)

Table 3. Infant leukemia in UK Greece and Germany in the Chernobyl in utero exposure

periods, (with rates per 100,000 and mean population-weighted fetal doses).

Mean Dose Period A | Period B Period C

4(mSv) unexposed | Exposed unexposed
4UK all cases 0.02 121 (2.86) | 41 (3.69) 76 (3.33)
UK births 4237421 1112069 2282014
® Germany all cases 0.1 83 (2.30) 35 (3.76) 60 (2.96)
Germany births 3601176 928649 2029613
°Greece all cases 0.2 22 (2.75) 12 (7.35) 9 (2.89)
Greece births 801175 163337 311391
All 3 all cases 0.067 226 (2.62) | 88(3.99) 145 (3.13)
All 3 births 8639772 2204055 4623018

2 from CCRG:; ° from Kaletsch et al.; ¢ from Petridou et al.; ¢ from original data,
furnished by NRPB for CERRIE.

In the United Kingdom, the fallout from Chernobyl was patchy, and related to outbreaks of thundery
rain that occurred in Scotland, Wales and Yorkshire. However, food supplies in the UK are sourced
from all areas and therefore it is not at all clear that the high external exposure areas defined by
CERRIE will be the same as high internal exposure areas. Significant Cs-137 contamination was
measured by whole body monitoring at Oxford in the south of the UK where there was little
precipitation both in the Summer of 1986 and the Spring of 1987 [2]. The high exposure area defined
by NRPB for CERRIE was quite low in population and for this reason the high and intermediate areas
are combined into one area. Results are given in Table 4.

Table 4. Statistics of infant leukemia rates in the UK based upon high + intermediate
exposure groups in Scotland, North Wales and Yorkshire. Comparison of exposed (B) and
unexposed (A + C) periods after Petridou et al.; data from CCRG.

Data Period Cases Population
High + Intermediate (rates) High + Intermediate
A 69 (2.8) 2453548
B 25 (4.0) 632073
C 37 (2.9) 12840973
Statistics. B vs (A + C) Relative Risk 1.4 (95% C. I. 0.88 < RR < 2.20)
x? = 2.26; p = 0.132; two tailed




Int. J. Environ. Res. Public Health 2009, 6

BILAGAD

Protokoll fran allmant samradsmote 3 maj 2010

Sakerhetsanalysens roll i MKB:n
Sidan 41 av 46

3109

Table 5 gives results for all three countries combine comparing the excess risk of infant leukemia in
the exposed cohort with the unexposed cohorts on the basis of mean exposure doses in utero.

Table 5. Infant leukemia in the combined population of UK, Germany [3] and Greece [2]

using all UK data from CCRG.

Data Period Cases (rates) Population
A 226 (2.62) 8639772
B 88 (4.0) 2204055
C 145 (3.1) 4623018
Bvs (A +C) Relative Risk 1.43 (95% C.I. 1.13 < RR < 1.80)
x* =9.1; p = 0.0025; two tailed
4. Discussion

In the UK data, supplied by CCRG, and based upon the 1996 Petridou et al. [5] birth cohort criteria,
there was an increase in infant leukemia in the exposed cohort in both the high and intermediate group
combined and also in the total population. Unlike the increases in Scotland and Wales [7,8], the UK
increase fell short of statistical significance at the p = 0.05 level using a two tailed test though would
have been statistically significant using a directional test (which is justified since the prior hypothesis is
directional: no one would argue that exposure to radiation would have reduced the risk of infant
leukemia). This result (Table 4) differs from the earlier finding of Busby and Cato for Wales and
Scotland [7,8] which found a statistically significant excess risk of RR = 3.9; p = 0.0002) because
different areas were employed by CERRIE and also a slightly different period was employed. Most of
the UK was unexposed and so the exposed population was diluted with unexposed individuals,
reducing the Relative Risk and therefore also the statistical significance.

Combining the UK increases with those in Greece and Germany, (where the doses were greater)
gave a 43% increase in infant leukemia in the combined cohort of 2.2 million births in children
exposed to a mean population weighted dose of 0.067 mSv. The mean dose was obtained by population
weighting the fetal doses determined for each country supplied by NRPB to the CERRIE committee for
UK and obtained from the German study [6] where the doses were measured by the German
Radiological Protection personnel and from UN data for Greece [1]. It should be emphasized that the
internal dose here is unknown. The dose calculations are based mainly upon external dose, mainly
gamma shine from Caesium-137 deposition. However, it is just this (mainly) external dose that is
employed in radiological modeling of health effects, and so for the purpose of what follows this is the
dose that is relevant.

In calculating the dissonance between the predictions of the ICRP models and the observed number
of cases found in Scotland and Wales, Busby and Cato [7,8] used the ICRP risk factor of 0.0125 per
Sievert (employed by the UK government COMARE committee in 1996 to examine the Sellafield
child leukemias) [17]. However, in discussions within CERRIE it was pointed out that the obstetric
data of Stewart et al. [18] was a firmer basis on which to compare the risks from internal fetal exposure
with those from external. Stewart et al. found a 40% increase in childhood cancer aged 0-14 after an X-
ray dose of 10mSv [19].
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If we assume a 10mSv X-ray dose causes a 40% increase in childhood cancer, it is clear from
Table 5 that a mean dose of 0.067 mSv from Chernobyl fallout has caused a mean increase in infant
leukemia of 43%. The mean corresponding error in the application of the obstetric external risk factor
to the infant leukemias is thus 43/40 x 10/0.067 = 160. There were therefore 160 times more infant
leukemias in this combined population that would be predicted by the use of the obstetric X-ray data.
And this is only in children aged 0-1: this is a minimum value, as we have yet to see what other
cancers or leukemias emerge in this group as they age between 1 and 14 years. If the ICRP cancer risk
coefficient is employed, as it was in the COMARE analysis of the Sellafield child leukemias the
difference between the observed and predicted number of infant leukemias would be far greater, in
excess of 1000-fold.

Because the number of exposed children is so large, it can be safely concluded that there was a real
increase in infant leukemia in those who were exposed in utero to the fallout from Chernobyl although
we cannot say for certain that the effect was not due to parental pre-conception irradiation, since our
exposed groups (defined by Petridou et al.) were born up to the end of 1987.

A number of researchers have dismissed the increases in infant leukemia following the Chernobyl
fallout as causally due to radiation exposure on the basis that the dose response relationship does not
increase monotonically e.g., [6,8]. This argument needs to be addressed.

In the data available from the several countries, there was also a biological gradient in the rates over
a certain range. Figure 1 shows the increases in infant leukemia with dose in the European countries
which have been studied.

Figure 1. Dose response for infant leukemia in the countries examined by this study and
CERRIE. (Data from CCRG and CERRIE [15]. Effect is fractional excess risk, and dose is
in mSv.

O Greece high
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O Germany low
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The German study presented results for three dose areas and showed that the dose response was
biphasic, i.e., the greatest effect was not at the highest reported dose level. This was also true for the
data from the UK when it was subdivided into the high, intermediate and low dose areas. In both
countries the highest effect was in the intermediate dose area. Infant leukemia increases were also
reported in Belarus [4] and the effect there was quite modest there although the doses were higher than
in Greece. The data suggest that over the range 0-2 mSv the overall dose response is biphasic
(Figure 1).

This biphasic behaviour is not remarkable for an in utero cause and endpoints in the living child,
since above a certain dose some defense system may become overwhelmed and fetal death may
intervene. Increasing the dose of any fetal poison will generally result in fetal damage and ultimately in
death of the fetus. Therefore the highest doses will not necessarily produce the greatest effect if the
outcome is measured after birth. Alternatively, biphasic radiation dose response relationships have
been reported in the literature by Burlakova, who believes they represent a consequence of induced
repair efficiency and the overwhelming of defense responses [20]. In addition, dismissal of causality
because of the absence of a monotonic increase in effect with external dose may be insecure since it is
not clear that the dose levels reported correlate with internal exposures of the specific type that cause
the illnesses, since agricultural produce from high exposure areas may end up anywhere in the country
or even in another country. In the main, the exposures used for these studies are based upon external
radiation measurements or ground deposition of Caesium-137. If the exposures were to milk from
cattle fed in the winter of 1986/87 with grass contaminated with radionuclides, this milk might end up
anywhere in the country, not necessarily where the main deposition was; indeed dairy cattle are
unlikely to be feeding in areas where the rainfall is high e.g. mountains. In support of this conclusion it
is clear from the whole body monitoring results in the South of England, where Cs-137 precipitation
was almost absent, that winter cattle feed was contaminated with radionuclides and that the radiation in
the food travelled south from the affected areas. There was a clear second peak in Cs-37 in the Spring
of 1987 which the produce from winter fed cattle appeared in the food supply [5,6,10].

Given the extremely low mean dose involved in the combined exposure area, UK, Greece and
Germany (<70 uSv), the increase in infant leukemia was not predicted by the ICRP model. This defines
an error in the use of a risk coefficient defined by the obstetric X-ray data of at minimum
of 160-fold and an even greater error in the predictive radiation risk model of the ICRP. The ICRP
model has been criticized for lack of scientific method and for failures to predict or explain a number
of observations in children [11-13,16]. In particular, it has been argued that the use of acute external
irradiation data to inform the model for health risks from internal chronic irradiation involved misuse
of scientific method, and employed deductive rather than inductive reasoning [9,12,13]. If these
criticisms are valid then clearly it is not possible to employ risk factors culled from the Japanese
A-Bomb external high-dose acute exposure series to inform risk about chronic low-dose internal
irradiation. And by the same argument, it is not valid to employ the risk factors obtained from the
external obstetric X-ray data to inform risk models for internal irradiation. It is necessary to employ
studies of children exposed to internal chronic radiation from fission product isotopes if we wish to
develop models to predict or explain these same exposures.
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The nuclear site child leukemia clusters, e.g., Sellafield, Dounreay and La Hague, and others listed
by ECRR2003 [11] have been extensively studied and confirmed as being real and not due to chance.
Recently a very large German government-funded study also revealed significant excess leukemia risk
in children living within 5 km of nuclear sites from 1988-2005 [10]. These children will have been
exposed to fission-product and uranium releases from the sites; i.e., internal exposures. In all these
nuclear sites the difference between the yield of childhood leukemia predicted by the ICRP and the
observed numbers for these nuclear sites is in excess of 300-fold. The existence of the infant leukemias
reported here for the European cohorts has resulted from doses which are less than those experienced
by the nuclear site children, but for whom there is no alternative explanation apart from internal
radiation exposure to largely the same fission product isotopes. Further research on infant leukemia in
this cohort in other countries of Europe might usefully be pursued.

5. Conclusions

The fetal exposures to fallout from the Chernobyl accident in the combined exposed population
of 2204055 children in Germany, Greece and the United Kingdom resulted in a 43% increase in infant
leukemia, a disease associated with a gene mutation in utero. The specificity of the cohort defined it as
one in which exposure to the radioactive fallout from the Chernobyl accident is the only possible cause
of the increased infant leukemia incidence. Since the mean calculated weighted fetal dose to this
population was 0.067 mSy, this finding defined an error in the ICRP risk model for this kind of
exposure and suggests that it is unsafe to predict risks from chronic exposure to internal radionuclides
on the basis of external doses. Using the best data for external fetal exposures and leukemia, that of the
Oxford Obstetric X-ray studies of Stewart et al. [18,19] the error in employing such an approach is
upward of 160-fold.
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The size relationship between a sweat pore (the large circle) and an
alpha emitting particle (the small dot in the middle of the circle).

For more information see: Goldstick, Miles. 1992-09. “The Ability Of Alpha Radiation To
Penetrate Human Skin.” www.nonuclear.se/goldstick199209.html
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Tabell B.12 Utslapp till luft angivet i becquerel (Bq) for Forsmark 2004,

Table B.12 Releases to air for Forsmark for 2004 given in Bq.

[Nukiid Block 1 Block 2 Block 3 SFR Ovriga anl.
|H-3 1,81E+11 1,67E+11 1,71E+11

C-14 6,91E+11 6,71E+11 8,62E+11

Cr-51 1,79E+07 4 41E+05
IMn-54 3,22E+06 7.57E+05 8,61E+05
Co-58 5,69E+06 1,91E+07 8,17E+05 5,84E+05
Co-60 1,44E+07 1,35E+07 6,50E+06 4, 35E+06
IMo-99 4,82E+06 8,86E+05

Sb-122 1,77E+06 4 11E+06

Sb-124 5,53E+05

Am-243 1,80E+04 2,38E+04 9,31E+03

Adelgaser

Ar-41 5,24E+08 2,33E+08

Kr-85m 1,57E+10 3,70E+09 1,07E+09

|Kr-87 5,62E+08 2 66E+08

Xe-131m 2 42E+10 7,93E+10

Xe-133 2,78E+12 2 27E+10

Xe-133m 1,06E+10

Xe-135 1,05E+12 3,22E+10 8,20E+08

Xe-135m 6,00E+11 1,79E+08

Xe-137 5,01E+12 2,22E+08

Jod

I-131 1,54E+07 1,27E+06 4, 22E+06

[l-133 9,96E+07 5,72E+06 7,00E+06

55
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Isotop, summa block 1-3

1 H-3

2 C-14

3 Cr51

4 Mn-54
5 Co-58
6 Co-60
7 Mo-99
8 Sb-122
9 Sh-124
10 Am-243

Adelgaser

11 Ar-41

12 Kr-85m
13 Kr-87

14 Xe-131m
15 Xe-133
16 Xe-133m
17 Xe-135
18 Xe-135m
19 Xe-137

Jod
20 1-131
21 1-133

summa

ar
518,000,000,000
2,224,000,000,000
17,900,000
3,977,000
25,607,000
34,400,000
5,706,000
5,880,000
553,000
51,110

757,000,000
4,770,000,000
828,000,000
103,500,000,000
2,802,700,000,000
10,600,000,000
1,083,029,000,000
600,179,000,000
5,010,222,000,000

20,890,000
112,320,000

12,358,812,284,110

dag
1,419,178,082
6,093,150,685
49,041
10,896
70,156
94,247
15,633
16,110
1,515
140

2,073,973
13,068,493
2,268,493
283,561,644
7,678,630,137
29,041,096
2,967,202,740
1,644,326,027

13,726,635,616

57,233
307,726

timma
59,132,420
253,881,279
2,043
454
2,923
3,927
651
671
63
6

86,416
544,521
94,521
11,815,068
319,942,922
1,210,046
123,633,447
68,513,584
571,943,151

2,385
12,822

minut
985,540
4,231,355
34
8
49
65
11
11
1
0

1,440
9,075
1,575
196,918
5,332,382
20,167
2,060,557
1,141,893
9,532,386

40
214

33,859,759,682 1,410,823,320 23,513,722

sekund
16,426
70,523

OO OOk PFk Ok

24

151

26
3,282
88,873
336
34,343
19,032
158,873

1
4

391,895
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halveringstid
12.3 ar

5730 ar

27.7 dagar
312.3 dagar
70.86 dagar
5.2714 ar
65.94 timmar
2.7238 dagar
60.20 dagar
7373 ar

109.34 minuter
4.480 timmar
76.3 minuter
11.84 dagar
5.243 dagar
2.19 dagar
9.14 timmar
15.29 minuter
3.95 minuter

8.01 dagar
20.8 timmar

sonderfall
beta

beta
gamma/xray
beta -
Electron Capture
beta -

beta -

beta -

beta -
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beta -

beta -

Isomeric Transition
beta -

Isomeric Transition
beta -

beta -

gamma/beta

beta -
beta -
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carbon—14 (and fat)
beta ; 5 600 wears

Source: Gyorgy, Anna, and friends. No Nukes: Everyone’s
Guide to Nuclear Power. Boston, MA: South End Press, 1980.
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