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Was bedeutet Risiko?

Wie lassen sich Strahlenrisiken fur
grol3ere Bevolkerungen errechnen?

Welche Risikokoeffizienten nutzen
wir?

Wie ist die neuere Datenlage?
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Definitionen:

Risiko: Wahrscheinlichkeit fur das
Eintreten eines bestimmten
Ereignisses wahrend eines definierten
Zeitraums

Relatives Risiko: Verhaltnis zwischen

dem Risiko fur ein bestimmtes Ereignis
in zwei definierten Gruppen

www.ippnw.de
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« Wie hoch ist das Risiko in der blauen
Gruppe?

0,25/
25%

« Wie hoch ist das Risiko in der roten
Gruppe?

0,34/

34%

« Wie hoch ist das relative Risiko der
roten zur blauen Gruppe?

1,36 / 136%
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« Wie hoch ist das Risiko in der blauen

o
07 Gruppe”
06 0,25/
o 25%
’ « Wie hoch ist das Risiko in der roten
04 Gruppe?
03 0,6 / 60%
02
o1 . Wie hoch ist das relative Risiko der
roten zur blauen Gruppe?
0

2,4 1 240%
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Definitionen:

« Zusatzliches absolutes Risiko
Excess absolute risk (EAR):
Differenz zwischen dem Risiko zweier
Gruppen

« Zusatzliches relatives Risiko
Excess relative risk (ERR):
Verhaltnis zwischen dem Risiko in der
einer Gruppe zum Risiko in der
anderen Gruppe

www.ippnw.de
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« Wie hoch ist das zusatzliche absolute
Risiko (EAR) zwischen roter und blauer
Gruppe?

0,09/9%

« Wie hoch ist das zusatzliche relative
Risiko (ERR) zwischen roter und
blauer Gruppe?

0,36/

36%

« Welchen Wert empfindet ihr als
hilfreicher in der Bewertung?
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« Wie hoch ist das zusatzliche absolute
Risiko (EAR) zwischen roter und blauer
Gruppe?

0,35/

35%

« Wie hoch ist das zusatzliche relative
Risiko (ERR) zwischen roter und
blauer Gruppe?

1,4/
140%

« Welchen Wert empfindet ihr als
hilfreicher in der Bewertung?
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Die ICRP Risikofaktoren der Hiroshima-
und Nagasaki-Uberlebenden in der
Lifetime Span Study (LSS) eignen sich
nicht fur die Berechnung von
gesundheitlichen Folgen niedrig
dosierter ionisierender Strahlung

www.ippnw.de



Strahlendosen durch radioaktiven Niederschlag
und Neutronenaktivierung wurden in den
Dosisabschatzungen nicht berucksichtigt

Bevolkerungsgruppen, die niedrig dosierter
Strahlung ausgesetzt wurden, wurden als
Referenzgruppen herangezogen

Takada J et al. ,Uranium Isotopes in
Hiroshima®“. Journal of Radiation Research”,
Vol.24,V0.3(1983)pp.229-23

www.ippnw.de



Dies fuhrte zu einer systematischen
Unterschatzung der strahlungs-
bedingten gesundheitlichen Risiken

]::m-'imnrr!‘ental Health
Preventive Medicine

Hiroshima survivors exposed to very low doses of A-bomb

2009

primary radiation showed a high risk for cancers

Turoyuki Watanabe - Maiaru Miyao -
Ryumon Honda - Yuichi Yanmda

Received: 34 December 2007/ Accepted: 13 May 3008/ Publisked oalime: 5 July 3008

i The Jopasese Sockety for Hygiese 3008

Abstract

Objectives The aim of this study was 1o compare the nisk
for cancers of A-bomb swrvivors in the ongaing life span
sudy (LES) with unexposed groups consising of the enine
ppulations of Hioshima prefecture and meighboning
Okayama prefecime.

Mediads The suvbjeds comited of the Hrashima group
reporied in LSS repont 12 (L55-H groap) and a contral
group {the entire populations of Hiroshima and Okayama —
HRCO and OPOG, mspectively). We estimated the
expecied number of deaths due {0 all canses and 1o cancers
afl wvaniow causes among the exposed survivors of the
Himshima bombing in the LS5 repor 12 whao died in the
fallew-np imerval ad ages simibr fo those of peaple m
Himshima and Omyama prefecures who were aged
(=34 years ai the time of the bambing in 1945, We com-
pared the standardined martality ratio (SME) of the LE5-H
granp fa that of the HPFOG and OPOG (SME-H and SM R-
0, respectively ).

www.ippnw.de

smbjecti, and for viens and liver cancers in female sub-
jects, nespectively. The remls show that, if the dose
eilimations of the dosimety system 1986 (DS586) ane
comecd, there are significanly inceased nisks of cancer
amang even survivars expased 1o the very low doss level.
Concludons The dose assmmpiions of D586 have been
crificized for underestimating deses in areas distam from
the hypocemier. The conirbution of nesidual radistion,
ignered in LSS, and that of newtrons, underestimated by
D586, is mggesied o be fairly high.

Keywords Atamic bomb - Cancer - Hiroshima
survivors - Radistion - SME




Eine kurzzeitige Exposition mit hoch-energetischen
Gammastrahlen kann weniger gesundheitsschadlich
sein als eine kontinuierliche innere Exposition mit Skin

inkorporierten Alpha- und Beta-Strahlern. 4 /Tissuu

Der DDREF von 2 fUr niedrig-dosierte Strahlung ist v =
daher nicht akzeptabel. (siehe WHO-Stellungnahme  © ’"%

2013) - T

- o
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Die Sammlung von Daten begann -
erst 5 Jahre nach den '
Bombardierugen, im Jahr 1950.

Viele Befragten gaben zu, in den
Fragebogen falsche Antworten
gegeben zu haben, um
Diskriminierungen zu entgehen.

www.ippnw.de
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Die Uberlebenden stellen eine

vorselektierte Gruppe an  |nternational Journal of Epidemiology
besonders resilienten Menschen

dar. A-bomb survivors: factors that may lead to a

re-assessment of the radiation hazard
DleS fUhrte ZU elner ZusatZIIChen Alice M Stewart and George W Kneale

Unterschatzung des  Strahlen- : ,
Background The study cohort of the survivors of the A-bombs in Japan, used as the basis of
risikos um etwa 30% the internationally accepted estimates of cancer radiation risk, was collected

more than 5 years after the bombing and did not include those who died of
bomb-related injuries belore that dave. This paper tests whether the people who
survived, in spite of bomb-related injuries, are homogeneous in respect of
variation of cancer risk with age with survivors without such injuries.

Methods Appropriate statistical models are derived and fitted to sarvivor data by
maximum likelihood and the resultant statistics used 1o test the homogeneity
assumption.

Resulis Significant differences were lound between those with no injuries and those with
multiple injuries and shown to be largely due to exposures before 10 or alter 55
vears of age having exceprionally high risks of late effects of radiation [or
survivors showing early effects, i.e. bomb-related injuries.

Conclusions Certain accepted dogmas about the biology of radiation risks in humans, such as
‘cancer is the only late effect of radiation” and ‘leukacmia is uniquely radiogenic
amongst cancers’, may be significantly in error. These are discussed.

Keywords A-bomb survivors, radiation binlogy, cancer, age, effects, selection

2000
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HEALTH RISKS

FROM EXPOSURE TO

LOW LEVELS OF

IONIZING
RADIATION

BEIR VII PHASE 2
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Berechnung der attributalen Krebsinzidenz (EAR) laut BEIR VII:

Epidemiologische Daten

Berechnung:
« Zahl der betroffenen Personen
. Effektive (individuelle) Dosis in Sv
« Personen x Sv = Personensievert (PSv)

Dosis-Effektivitat (DDREF) ?
"A DDREF of 1 would be reasonable." WHO Fukushima Report, 28.02.13

Rohdaten von Krebserkrankungen tatsachlicher Menschen, mit einer
zusatzlichen Strahlenexposition von 0,1 Sv (100.000 Manner, 100.000
Frauen)

www.ippnw.de



o

Berechnung der attributalen Krebsinzidenz (EAR) laut BEIR VII:
TABLE 12-5A Lifetime Attributable Risk of Solid Cancer Incidence

Males Females
LAR Based on Rela- LAR Based on Ab- Combined and Adjusted by LAR Based on Rela- LAR Based on Ab- Combined and Adjusted by
tive Risk Trans- solute Risk Trans- DDREF® (Subjective 95%  tive Risk Trans- solute Risk Trans- DDREE® (Subjective 95%

Cancer Site port® port” ClI%) port” port” C19

Incidence

Stomach 25 280 34 (3, 350) 32 330 43 (5, 390)
Colon 260 180 160 (66, 360) 160 110 96 (34, 270)
Liver 23 150 27 (4, 180) 9 85 12 (1, 130)
Lung 250 180 140 (50, 380) 740 370 300 (120, 780)
Breast 510 Mot used 460 310 (160, 610)
Prostate 190 B 44 (<0, 1860)

Uterus 19 81 20 (=0, 131)
Ovary 66 47 40 (9, 170)
Bladder 160 120 98 (29, 330) 160 100 94 (30, 290)
Other 470 350 290 (120, 6BO) 490 320 280 (120, 680)
Thyroid 32 No model 21(5, 90) 160 MNo model 100 (25, 440)
Sum of site-spe- 1400 1310° 800 2310/ 2060° 1310

cific estimates

All solid cancer 1550 1250 970 (480, 1920) 2230 1830 1410 (740, 2690)

Quelle: "BEIR VII report, phase 2: Health risks from
exposure to low levels of ionizing radiation." National

www.ippnw.
PP de Academies Press, Washington, 2006, p. 279f



Berechnung der attributalen Krebsinzidenz (EAR) laut BEIR VII:
TABLE 12-5A Lifetime Attributable Risk of Solid Cancer Incidence

Males Females
LAR Based on Rela- LAR Based on Ab- Combined and Adjusted by LAR Based on Eela- LAR Based on Ab- Combined and Adjusted by
tive Risk Trans- solute Risk Trans- DDREE® (Subjective 95%  tive Risk Trans- solute Risk Trans- DDREE® (Subjective 95%

Cancer Site port” port” ClI%) port® port” 1)
Incidence

Stomach 25 280 34 (3, 350) 32 330 43 (5, 390)
Colon 260 180 160 (66, 360) 160 1o 96 (34, 270)
Liver 23 150 27 (4, 180) 9 85 12 (1, 130)
Lung 250 190 140 (50, 380) 740 370 300 (120, T80)
Breast 510 Not used 460 310 (160, 610)
Prostate 190 B 44 (<0, 1860)

Uterus 19 81 20 (<0, 131)
Owvary 66 47 40 (9, 170)
Eladder 160 120 98 (29, 330) 160 100 94 (30, 290)
Other 470 350 280 (120, 68O) 480 320 280 (120, 680Y
Thyroid 32 No model 21(5,90) 160 Mo model 100 (25, 440)
Sum of site-spe- 1400 1310° 800 2310/ 2060° 1310

cific estimates

All solid cancer 1550 1250 970 (490, 1920) 2230 1880 1410 (740, 2690)

Quelle: "BEIR VII report, phase 2: Health risks from
exposure to low levels of ionizing radiation." National

www.ippnw.
PP de Academies Press, Washington, 2006, p. 279f
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Berechnung der attributalen Krebsinzidenz (EAR) laut BEIR VII:

970 zusatzliche Krebsfalle pro 100.000 Mannern mit einer Exposition von 0,1 Sv
1.410 zusatzliche Krebsfalle pro 100.000 Frauen mit einer Exposition von 0,1 Sv

Berechnung pro Personen-Sv:
970 pro 10.000 PSv = 0,097 pro PSv
1.410 pro 10.000 PSv = 0,141 pro PSv

Herausrechnen des mittlerweile obsoleten Dosisreduktionsfaktors von 1,5:
0,097/PSv x 1,5 = 0,1455/PSv
0,141/PSv x 1,5 = 0,2115/PSv

Geschlechterneutraler Durchschnittswert: 0,1785/PSv (Cl 0,09-0,35)

Quelle: "BEIR VII report, phase 2: Health risks from
exposure to low levels of ionizing radiation." National

www.ippnw.
PP de Academies Press, Washington, 2006, p. 279f
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Berechnung der attributalen Krebsinzidenz (EAR) laut BEIR VII:

07 07 07
06 06 06
05 05 05
0,43

04 04 04
03 03 03
02 02 02
01 01 01

0 0 0

EAR = 0,09 EAR =0,18 EAR = 0,35

www.ippnw.de
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Berechnung der attributalen Krebsmortalitat (EAR) laut BEIR VII:

« Niedrigste Schatzung:
305/10.000 PSv = 0,03 mit 1.5 DDREF-Korrektur = 0,05 pro PSv

« Durchschnittliche Schatzung:
610/10.000 PSv = 0,06 mit 1.5 DDREF-Korrektur = 0,09 pro PSv

. Hochste Schatzung:

1.240/10.000 PSv = 0,12 mit 1.5 DDREF-Korrektur = 0,19 pro PSv

BEIR Vil report, table 12-5B, p. 280

www.ippnw.de
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Pragmatische RechengrofRen laut BEIR VII:

~ 0,2 zusatzliche Krebsfalle pro PSv
~ 0,1 zusatzliche Krebstodesfalle pro PSv

Neuere Studien zeigen, dass eher von der doppelten Menge an Krebs- und
Krebstodesfallen auszugehen ist:

~ 0,4 zusatzliche Krebsfalle pro PSv

~ 0,2 zusatzliche Krebstodesfalle pro PSv

www.ippnw.de
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Linear No-Threshold Model (LNT):

HEALTH RISKS

A Linear No-Threshold Model FROM EXPOSURE TO
LOW LEVELS OF
IONIZING
g RADIATION
P
7 BEIR VII PHASE 2
&
[
r:_'_u
MNatural occurrence
level F
‘. * R d t- * MATIORAL EE.E.F_.:".
Low dose range AL
Doze

www.ippnw.de



-

Linear No-Threshold Model (LNT):

1.000mSv=13Sv 2von 10 entwickeln Krebs (0,9-3,5)
100 mSv=0,1Sv 2 von 100 entwickeln Krebs (0,9-3,5)
10 mSv=0,01Sv 2 von 1.000 entwickeln Krebs (0,9-3,5)

1 mSv=0,001Sv 2von 10.000 entwickeln Krebs (0,9-3,5)

www.ippnw.de
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Individuelles vs. Bevolkerungsbezogenes Risiko:

Szenario 1: 100 Menschen werden einer Strahlendosis von je 1 Sv ausgesetzt
Gesamtdosis: 100 PSv

Berechnung der Krebsfalle: 0,18 pro PSv (Cl 0,09-0,35) — 18 Falle (Cl 9-35)

Individuelles Risiko, an Krebs zu erkranken:18% (Cl 9-35%)

www.ippnw.de
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Individuelles vs. Bevolkerungsbezogenes Risiko:

Szenario 2: 100.000 Menschen werden einer Strahlendosis von 0,001 Sv ausgesetzt
Gesamtdosis: 100 PSv

Berechnung der Krebsfalle: 0,18 pro PSv (Cl 0,09-0,35) — 18 Falle (Cl 9-35)

Individuelles Risiko, an Krebs zu erkranken:0,018% (CI 0,009-0,035%)

www.ippnw.de
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Wo war der Fehler?

Szenario 1: Individuelles Risiko, an Krebs zu erkranken 18% (Cl 9-35%)
Szenario 2: Individuelles Risiko, an Krebs zu erkranken 0,018% (CI 0,009-0,035%)

Grundrisiko, an Krebs zu erkranken: 25%

Szenario 1:
Individuelles Risiko, wegen der zusatzlichen Strahlenbelastung an Krebs zu

erkranken 18% (CI 9-35%). Individuelles Risiko an Krebs zu erkranken 43% (CI 34-
60%)

Szenario 2:

Individuelles Risiko, wegen der zusatzlichen Strahlenbelastung an Krebs zu
erkranken 0,018% (Cl1 0,009-0,035%). Individuelles Risiko an Krebs zu erkranken
25,018% (Cl 25,009-25,035%)

www.ippnw.de
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Beispiel Kinderleukamie um AKWs:

al
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Beispiel Kinderleukamie um AKWs:
« Im Schnitt 256 neue Kinderleukamiefalle < 5 Jahren im Jahr
« Zwischen 1980 und 2003 5.893 Falle in ganz Deutschland

Im 5 km-Radius um deutsche Atomkraftwerke waren daher 17 Falle zu erwarten

Tatsachlich gefundene Falle: 37

EAR: 37-17 = 20 zusatzliche Falle (0,8 pro Jahr)

ERR: 20/17 =1,176 (117,6%)

« Anstieg der absoluten Zahl der Kinderleukamiefalle: 20/5.893 = 0,34%

www.ippnw.de
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Beispiel Kinderleukamie um AKWs:
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Risikokalkulation

Die Risikofaktoren der ICRP beziehen sich auf
den sog. ,Reference-Man® von 1975:

20-30 Jahre
Weil3
Mannlich
Grofde 170 cm

Gewicht 70 kg

www.ippnw.de



Risikokalkulation

“Die relativen Risiken fur spezielle
Bevolkerungsgruppen (vor allem bei

Exposition in der Fotalzeit

oder als Kleinkind) sind hoher als die des
Bevolkerungsdurchschnitts" (UNSCEAR, 2014)

Strahlenschutz muss jenseits herkommlicher
Erwachsenenmodelle die besondere
Vulnerabilitat des ungeborenen Lebens und des
Kleinkinds in Betracht ziehen.

www.ippnw.de
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Hintergrundstrahlung

16% hoheres Risiko pro 100 Bg/m?3
(95% CI 5 - 31%)

Rauchen ist kein confounder
Es gibt keine Schwelle

Lineare Dosis-Wirkungs-Kurve, weit
unter aktuellen Grenzwerten

Radon kann verantwortlich sein fur
9% aller Lungenkrebsfalle
2% aller Krebstodesfalle

B MJ Helping doctors make better decisions

Radon in homes and risk of lung cancer: collaborative
analysis of individual data from 13 European case-control

studies

5 Darby, D Hill, A Auvinen, | M Barmos-Dios H Bay sson, F Bochiechio, H Deo, R Falk, F Forastiere,
M Hakamna, I Heid L Krejenbrock, M Krewser, F Lagarde, I Mke Elinen, C Muirhead W Oberaigner,
(: Perslmgen, A Ruano-Ravina E Ruosteenoja A Schaffath Rosanio, M Tirmmarche, L. Tormsise k

E Whitley, H E Wichmann, R Dell

Abstract

Obyective b determine the riskof lung cancer
associated with exposwe at home to the radioactive
disintegration products of naturally oocurring radon
L1

L'E'{l Colhborative analysis of individual data from
13 case-control studies of residential radon and lung
GANCET.

Settimg Nine European couniries

Subpecss 7 148 caws of ung cancer and 14 208
pontrols

Main outcome measares Relative risks of ung cancer
and racdlon gas concentations in homes inhabited
diring the previous 5-34 years measured in
becquerels (radon disintegratons per scond) per
cubic metre { Bo/m") of househokd aic

Results The mean measured madon concentration in
homesol people in the contmol group was97 Bg/m®,
with 1 1% measuring > 200 and 4% measuring > 400
Bey'm®. For cises of lung cancer the mean
concentration was 104 Bgy/m® The risk of lungeancer

www.ippnw.de

present throughout the earth’s crust Ithasa halflife of
four chiys albwingil 1o diffuse through soiland into air
before decaying by emission of an o particle inlo a
series af shart ived radioactive progeny: Two of these,
polknium-218 and poloniumn-214, also decay by emil-
tinge particles If inhaled, radon itsellis mo sty exhaled
immediately Its short lived progeny, howewer, which
are solid, tend to be deposited on the bronc hial epit he-
liwem, expo sing cells 1o o iradiation

Air pallution by raclon is ubiquilous Concentrations
are low outdloors but can build up mdom'xrs[ﬂjaﬂy in
homes, where most exposum of the general population
occurs. The highest concentrations o which workers
have been roulinely exposed occur undergouncd,
partcularly in umanium mines Shlies of exposed
miners hawe consstently found asodations between
rackon and ingeancer® * Extrapolation from these stud-
iesis uncertain but suggpests that resiclen Bal raclon, which
invalwes lower exposure o many more people, coukl
L:luw:gf soibstantial minority ofall lungeancers Thisisof
pr:rtta] relevance beciuwe radon concentmtons in
existing buiklings can usually be weduced at moderate
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Hintergrundstrahlung Leukemia

Korrelation zwischen

. A record-based case—-control study of natural
Hintergrundstrahlung und dem background radiation and the incidence of

Ariarice: childhood leukaemia and other cancers in
Leukamierisiko Great Britain during 1980-2006

G M Kendall, M P Little, R Wakeford, K J Bunch, J C H Miles, T J Vincent,
1R Meara and M F G Murphy

12% hoheres Risiko pro mSv
. We conducted a large record-based case—control study testin
KnOChen markdOS|S (95% CI 3 —_ 22%) associations hetwegn childhood cancer and natural hazkgrnungd

radiation. Cases (27 447} born and diagnosed in Great Britain

during 1980-2006 and matched cancer-free controls (36 793)
Leukaemia were from the National Registry of Childhood Tumours. Radiation
exposures were estimated for mother's residence at the child’s
birth from national databases, using the County District mean for
gamma rays, and a predictive map based on domestic
measurements grouped by geological boundaries for radon. There
was 12% excess relative risk (ERR) (95% CI 3, 22; two-sided
P=0.01) of childhood leukaemia per millisievert of cumulative red
bone marrow dose from gamma radiation; the analogous
association for radon was not significant, ERR 3% {95% CI —4, 11;
P=0.35). Associations for other childhood cancers were not
significant for either exposure. Excess risk was insensitive to
0 " . . adjustment for measures of socio-economic status. The

0 5 10 15 statistically significant leukaemia risk reported in this reasonably
powered study (power ~50%) is consistent with high-dose rate
predictions. Substantial bias is unlikely, and we cannot identify
mechanisms by which confounding might plausibly account for the
= Observed = Observed lower 95% CI association, which we regard as likely to be causal. The study
. " supports the extrapolation of high-dose rate risk models to

~——Observed upper 95% Cl Modelled fit protracted exposures at natural background exposure levels.

Relativerisk

Cumulative gammadose (mGy)

Relative risk=1 P=0.01) of childhood leukaemia per millisievert of cumulative red
bone marrow dose from gamma radiation; the analogous

www.ippnw.de
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Medizinische Strahlung

10,9 Millionen Patienten 1985-2005

Ein CT (4,5 mSv) erhohte das
Krebsrisiko um rund 24%

Jedes zusatzliche CT erhohte das
Risiko um weitere 16%

Je junger, desto hoher das Risiko:

1-4 Jahre: 35% hoheres Krebsrisiko
5-9 Jahre: 25% hoheres Krebsrisiko
10-14 Jahre: 14% hoheres Krebsrisiko

B MJ Helping doctors make better decisions

Cancer risk in 680 000 people exposed to computed
tomography scans in childhood or adolescence: data
linkage study of 11 million Australians

John D Muthews epicemibbgist’, Anna ¥ Forsythe researeh officer’, Zoe Brady medesl physiist
Martin W Butler difz anﬁ.fy.n‘?: Stacy K Goergen rﬁnﬁub_g\"s!': Graham B Byrnes statistician, Graham
G Giles epf':.ierru’u’cy.fsf—': Anthory B Wallace .rrjed."ca.fpfursb.fsf'-: Fhilip B Anderson ep.l'dembkgf’sf":
Tenniel A Guiver dufa snalyst, Paul MeGale stafisteian”, Timathy M Cain racfologist ', James G
Dowty research fallow ', Adian G Bickerstaffe cormputer scisntist |, Sarah G Darbry stafisticin’

"Schonl ol Popuatbon and Glabal Healh

Wi, Australia; Wedical Ba *Deparirmen | al Diagnasic

maging, Soutem Healh, and Manas nical Schoal, Chaytan, Vie, Ausralia; Biosts s Groug, Imemagaral Agancy lar

Fessanch an Canoer, Lyon, Franoa; T Epdernidagy Cerre, Canoe Coundl Viclada, Cadian, Vio, Austalia;  Dagnasic magng and Mudesar
Merdicing Section, Austalon Aadiation Proecion and Mudear Saley Agency, Yalambi, Vio, Ausralia; "Dwa Linkage Ui, Ausralion st ol
Haalhand Wellra, Canbera, Austia; “FacdtyalHeakh, Uniersityol Canbera, Carbamra, Au

Studies Uni, Uriwersity al Oxlard, Crodand, UK, "Medical maging, Aopal Chidens Haspital Maboume, Parkedlle, Vic, Susrala

v "Clirical Triad S erios Uritand Coidemioogic

Abstract ] panniger ages (Pal 001 larrend]. A 1-4, 59, 10-14, and 15 ar mare
Objective To assess e cnoer dshin children and adolescerns lalowng years snce st exposire, IAAS were 135125 01 45 1250117 0
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Uranbergbau

59.000 ehemalige Uranbergleute

B)C

British Journal of Cancer

Lung cancer risk among German male uranium miners: a cohort

study, 1946—1998

B Grosche™', M Kreuzar', M Krelshaimar', M Schnalzer' and A Tschensa'

“Fedberal Office for Rodition Frotection, Deportment Racioton Protection dnd et ingoistisdier Loredsyr |, 85754 Oberabisisshen, Garnany

Signifikant Korrelation zwischen
Arbeistzeit und Krebsrisiko

From 1946 1o | 990 esxtengive uranium rmining was conducted in the southeim pairts of the farer Germ an Dermoaratic Repiubie The
everall warkdoree induded several 100 000 indviduals. A echart of 53001 former male ermployees of the Wiamut Compary was
extahlished, forming a lage retrogpective uranium mners’ cohort Tor the time period |946— 1998, Mean duration of fallow-up wis
305 years with a total of | 301 £30 parson-years Loss to Tollow-up was kow at 5.3%. Of the warkers. 16 558 28.1%) ded during the
stucy period. Based on 2388 hng cancer deaths, the radon-related lung cancer risk is evaluated. The escess relative risk {ERR) per
wiorking level month WM wes estimated a5 02 1% (35% Ck 0 8-0.24) it was dependent on time since expesure and on attained
ape. The highest ERRAWLM was observed |5-24 years after exposure and in the youngest age group { =55 years of age). While a
strong inverse exposune-rate effect wis detected forhigh exposures, no sgnificant assocation wis detected at expeosures below |00
WM. Boceds reltive risk AWLM was net modified by duraton of eqpasune. The resuts would indicate the need to re-astimate the

21% hoheres Krebsrisiko pro working

level month (95% CI 18 — 24)
Rauchen ist kein Confounder

Die wahren Effekte sind vermutlich
noch viel hoher

rmodest dedine of ERRAWWLM wih nareasing time singe asqsos

Publshed onlne |7 October 2008
& 2005 Cancer Research UK

From 1946 o 1990 there was extensive uranium mining in the
southerm parts of the former German Democratie Republic {GDR).
[t was conducted by the Soviet-Geman [noorporated Company
Wismut Some 231 000 metde tons of uranium ore were produced
{Wismut, 1999) and incorporated into the former Soviet Union's
nudear programme About 400000 perods may have worked
with the company, most of them underground or in uranium ore
processing facilities (Otten and Schulz, 19981 Approximatehy
130000 of the workers are known Up to 1999, 7695 workers with
rad iation - nduced lung cancers had been compensated {Sehrdder
et af, 20021 [n 2000, the anmual number of newly compensated
cates was stil almost 200 although with a decreasing trend
{Koppisch er al, 2004).
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affacts of sk moddying Bctors inourrent rek modeks 2 duration of espoare did nat maddy the ERRAWLM and there was only a

Beiish joun of Gancer (3005) 95, 1280~ 1287, o 10,1038/ bic 6603403 wwwelbigencencom

Kaywards: epderreclogy: cohort $iudy: uranium rners; Lng caner; Fadon

et al, 2004; Krelshelmer, 2008), vet further follow-up was only
conducted for the Czech (Tomasek, 2002; Tomasek and Zarska,
2004) and the French colurt {Rogel et al, 2002; Laurier et af, 2004}
Although the evidence of a radon-related lung cancer risk among
miners is large, it is based upon various heterogeneous cohorts
for which the cohort-specific Hak estimates vary by more than
an order of magnitude. The new German cohort i3 as big as all the
11 cohwrts put together, but less hee mgeneous in variou aspecis
same societal and geographical background, same way of follow-
wp, and one system for exposune estimation.

The aim of the present amalysis was to evaluate the lung cancer
risk asoclated with radon and its progeny due to cumulative
radon exposure, exposure rate, duration of exposure, time since
exposure, and attained age
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154 Lokalitaten
598.000 Arbeiter
> 90% hatten Exposition < 50 mSv

Solide Tumoren: 97% hoheres Risiko
pro Sv (95% CI 14 - 197)

Leukamie: 193% hoheres Risiko pro
Sv (95% CI 0 - 847)

1-2% aller Todesfalle bei Atomarbeiter
waren vermutlich strahlenbedingt

B MJ Helping doctors make better decisions

Risk of cancer after low doses of ionising radiation: retrospective

cohort study in 15 countries

E Carelis, M Vrijheic, M Blettner, E Gilbert, M Hakama, ¢ HALG Howe, | Kaklor, C R Muirhead, M
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D Utterback, Y40 Ahn, E Amoros, P Ashmore, A Auvinen, M Bae, | Bernar Solano, A Biau, £ Combalot, P Deboedt,
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mphocytc keulkiernia wen 103 per Sv( <00 847) On the
lemin of these estimztes, |-26 of ceatls from saneer armong
werke e in this cobort may be attribmisble o coiation

Clone lusioms Thee estirnates, from the biggest study of nuclear
workems over coreh ciecl are: higher than but st tically
cormpatible with, the rik estimaies wsed breament rcation
protection stanckirck The mesulls sugggest that there &2 smadl
excem rink of e even al the low doses smel chose rates.
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Methods

This multimstiona] rﬁrm];rrﬁn- eoshert stucly useel @ cosmmesn
protocol in 15 countries amd collecied inkmation on mearly
600 000 seorkers. Stacly oo horts were deBnec from employment
or dmimetic woonds of Ericipating facllites or, wher
avlable, fom contralised muational dose negistries. The a prior
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Signifikant erhohtes
Krebsrisiko bei Kindern < 5
Jahren innerhalb von 50 km
rund um AKWs

Confounder konnten nicht
identifiziert werden.

IJ C International Journal of Cancer
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Leukaemia in young children living in the vicinity of German nuclear

power plants

Y

Peter Kaatsch®, Clandia Spix, Renate Schulze-Rath, Sven Schmiedel and Maria Bletiner
Institute for Medical Biostatistics, Epidemiology and Informatics, German Childhood Cancer Regisiry,

Olere Zahibacher Strasse 69, 35131 Mainz, Germany

A case contral study was conducted where cases were children
younger than 5 years (discased between 1980 and 2003) registered
at the german childhood cancer registry (GOCR) Population-
based matched controls (1:3) were selected from the correspond-
ing registrar’s office. Residential proximity to the nearest nuclear
power plant was determined for each subject individually (with a
precision of about 25 m), The report is focused on leukaemia and
mainly on cases in the inner 5-km zone around the plants. The
study includes 593 leukaemia cases and 1,766 matched controls,
All leuksemin combined show a statistically significant trend for
1/distance with a positive repression coefficient of 175 [lower
95 %-confidence limit (CL): 0.65]; for acute lymphoid leukaemia
1.63 (lower 95%-CL: 0.39), fur :n:uh_ mn—lymphu_ytu_ leukaemia
1.99 (lower 95%-CL: —0.41). This indicates a negative trend for
distance, Cases live closer to nuclear power plants than the ran-
domly selected controls, A cateporical Hrﬂl!ﬁl& shows a statistically
s].],mi?l‘tant odds ratio of 2.19 (lower 95%-CL: 1.51) for residential
proximity within 5 km compared to residence outside this area,
This result is largely attributed to cases in previous studies of the
GUOCR (especially in the inner zone) as there is clearly some over-
lap between those studies, The result was not to be expected under
current radiation-epidemiological knowledge, Considering that
there is no evidence of relevant accidents and that possible con-
founders could not be identified, the observed positive distance
trend remaing wnexplained,

© 2007 Wiley-Liss, Inc.

Key words: childhood; leukaemia; nuclear power plants; population-
based; cancer mgistry
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reports prompied a siudy of almost identical design that was based
oft the data of the Gemnan Childhood Cancer Regiswy (GOCR)
and was conducted in the late 1980s. This was an ecological study
comparing disease rates within 15 km (roughly 10 miles) of Ger-
man nuclear plants with those seen in specified control areas. The
study period extended from 1980 through 1990 (Swdy 1) An
increased rate of all cancer or, more specilically, leukaemia in
children younger than 15 years within a 15-km zone of West Ger-
man nuclear plants was not confirmed. However, exploratory anal-
yses indicated that, for example, in children younger than 5 vears
living within the inner 5 km zone, the increase in lenkaemia rate
was statistically mgmhc.ml Asthese results pave rise W0 conlio-
versial discussion and as at the same time a statistically significant
leukaermia cluster w:m seen near the North German nuclear power
plant of Krimmel,'® the study pericd was extended o cover the
years 1991 through 1995 (Study 2).

Stwdy 2 failed o reproduce siatistically significant resulis
regarding the subgroup for which results were significantly
increased in the exploratory analysis of Study 1. Mevertheless, a
tendency was seen towards an increased relative risk (RR) for leu-
kaemia to oceur in under S-vear-olds within the S-km vicinity.

Even afier these results had been published, discussions on a
potential relationship between the oocurrence of childhood leukae-
mia and close proximily to nuclear plants in routine operation
have not ceased. For this reason, a case control study was initiated
by the Federal government and started at the GCCR in 2003.
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16.000 (3.400-72.000)
Schilddrisenkrebsfalle in
Europa durch Tschernobyl

25.000 (11.000-59.000)
andere Krebsfalle in Europa

> 15.000 strahlenbedingte
Krebstodesfalle in Europa

IJ C International Journal of Cancer

Estimates of the cancer burden in Europe
Chernobyl accident

Elisabeth Cardis"*, Daniel Krewski®, Mathien Boniol", ¥ladimir

from radioactive fallout from the

Drozdovitch”, Sarah €. Darby?, Ethel 5. Gilbert®,

Suminori Akiba®, Jacques Benichou®, Jacques Ferlay', Sara Gandini”, Catherine Hill®, Geoffrey Huowe®,
Ansrele Kesminiene', Mirjana Moser', Marie Sanchez', Hans Storm"", Laurent Voisin' and Peter Boyle"
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The Chernobyl accident, which occurred April 26, 19986, resulted in
a large release of radiomsclides, which were deposited owver a very
wide area, particularly in Europe. A Ehowgh an inereased risk of thy-
rodd cancer in exposed children ks been clearly deminstrated in the
muist contaminated regions, the impact of the accident on the risk of
ather cancers as well a5 elsewhere in Europe is less cear, The objec-
tive of the present study was to evaluate the human cancer burden in
Furope a8 a whoke from radicactive fallout from the accident, Avwer-
age oountry- and reglon-specific wihoale-bod y and thyrold doses from
Chernoly]l were estimated wsing new dosimetric models and radio-
hpical data, Numbers of cancer cases and deaths possibly attribata-
hle to radiation from Chernobyl were estimated, applying state-of-
the-art risk mwsdels derived from studies of other irradiated popula-
thons Simultanecwsly, trends in cancer incldence and maortality wene
examined over time and by dose level. The risk projections suggest
theat by mow O hernotyy] may kave caused abwout 1MW cases of thyrold
cancer and 4MM0 cases of other cancers in Furope, representing
about UL% of all incldent cancers since the accident, Models pre-
dict that by 2065 abowt 16NN {95% UL 3, 300-T2WH)) cases of thy-
rodd cancer and 25N (95% LT LLWM=59.000) cases of other can-
oers may be expected due to radiation from the accldent, whereas

www.ippnw.de

Epidemiclopical siudies focusing on the mosl comlaminated
regions of the 3 most affected countries have confimmed a causal
relationship betaeen the observed increased risk of thymid cancer
and exposure 0 adioactive iodines from the Chemaobyl Fallowt
among those who were children or adolescents when the accident
mPpmod.H Oiher l:ﬁlcs ol cancer, including leukemia, have also
heen in\ncsli_n;at:d."ﬁ' but as yet no aseociation with mdiation ex-
posure has been clearly demonsirated. Becent studies sugpest a pos
gible doubling of the risk of leukemia among Chernobyl cleanp
workers™ and a small incneaze in the incidence of premenapausal
breast cancer™ in the most contaminaied districts {with average
whole-body doses above 4 m&v), both of which appear to be
related 1o mdiation dose. These findings need con firmation in further
epidemiclogical studies with careful individual dose neconstrsction,

The full extent of the bealth impact of Chernobyl on the popula-
tion isditficultto gawge. Ten years ago, Candi= and oollabora
estimated that abowt 9,000 deaths from cancers and leukemia
might be expected owver the course of a lifetime in the most
exposed populations in Belarus, the Russian Federation and




Nicht-Krebserkrankungen

Meta-Analyse von 10 peer-reviewed
Studien von:

. Atomarbeitern

« Berufsmaldig strahlenexponierten
. Hibakusha

Das Risiko von kardiovaskularen
Erkrankungen stieg um 1-13 % pro Sv

Korrelation von kardiovaskularer Mortalitat

und Strahlendois ahnlich zur Korrelation
von Krebsmortalitat und Strahlendosis
(~5 % pro Sv)
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Systematic Review and Meta-analysis of Circulatory Disease from Exposure
to Low-Level lonizing Radiation and Estimates of Potential Population
Mortality Risks
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BACKGROUND, Althon gh high dhoses of ionising radiation kave kong been finked o dronbnory "0 :: _‘{‘,‘;I "r'\‘l",i'." iy

direase, evidence for an asociation at lower exposures remaing controversial. Howerer, reomt amaly- s

23 sugpest excess relative risks at occapational exposare kevels.

ORECTTVES: We I.-nhumd 2 sputematic review and mets-analysis (o summarine informtion on

circulatory disease ricks associated with moderate- anad bow-lovel wheol: Sty ionizing mdiation

expamne.

METHODS We cnducied PabMed/ 151 Thomem seanches of peer meviewed papers published since
1590 msing the term s “radiation” AND “heart™ AND “discase,” OR “radiation” AND “stroke,” OR
“radiation”™ AND “circalamey” AN “disease.” Radistion expoanres had 1o be whole-body, with a

cuimibative meain dose of < L5 Sy, of ala Inn -l;- &l < ll'n-'nhh,-] wr.\,m-and popliativen

estimared sub-
s risks o ischemic
strvke, but oo pdudead
nificantly devared risk wis detecrible
exposires above abous 105 Gy (AGIR

1 dmease

Acdidess corresy

vhis et analysis and carrens moealiy mies for sine majoe developed coum
TERILS: Extimated excess popubition ks for all drcabaory diseases combimed ranged from 2.5%/5r
[95% coafidence interval {CT): 0.8, 4.2 for France oo 8. 5%/Sv (95% CT: 4.0, 130} for Rossia
CONCLIEIONS Dur review sppoets s sk tion between drcabmory discse moraliny sd low
amd modesate doses of fonizing radiation. Our analysis wa limised by Ilmug!nﬂ(p amuong, sudies
{particalarly for noncardiac end poinis), the possibdity of ancontrolled con in some oocapa
il groups by Kicatyle Gxctors, and higheor dose groups (= 0.5 5v) gonerally driving the obsareed
u'tndl. Ifu:nﬁmnd. our findings suppest that overall radiation-related mortality is abost twice
o based oo for camcer end points akone (which range from 4.2% o
f, §%/Sv foe these popubarions).
ey wourDS: cancer, circulatory disrase, beart divece, rdiation, stroke. Evriren Haslth Pergpect
120150315110 (2002). heepeide.doi org/ 100128 W chp 1 204 382 [Online 12 Jane 2002]
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Nicht-Krebserkrankungen

Ca. 3.000 Kinder nach Strahlentherapie
fur kutane Hamangiome

Exakte Dosiskalukation
(durchschnittl. Hirndosis < 100 mGy)

Negative Dosis-Wirkungs-Kurve:
* Lernfahigkeit

 Logisches Denken

« Raumliche Vorstellungskraft

» Oberschulreife

Helping doctors make better decisions

Effect of low doses of ionising radiation in infancy on cognitive
function in adulthood: Swedish population based cohort study
Fer Hall II:-LnH-Gh\-‘r\clan‘d.l)in‘dh‘ins'li‘ic:hu[x:uh.li..‘ianc:}'l. Pederen, Pagona Lagiou, Ander s E kbom,

Martin Ingyar, Marke Lundell Fredrik Granath

Ahstract

Ohjectiw To determine whether exposure o kow coses of
ionising racliation ininfncy affects cognitive finetion in

achul theoed

Design Propulation bsed coharnt stucky.

Satting Swerlen

Farticipants K4 men whe hacd rece ved radiation for
cutanecus laemangioma befre age 18 months during
1609050,

Main eutcome measures Rocliationdose o fontal and

pes kerior s of the brain and asocktion between dose and
inte lectual capac age 18or 19 years bwed on cognitive
kst (kearning ability, ko gical reasoning, s patial eoognition)and
high school attendance,

Results The proporton of boys who atenced hi ghschool
decrenser] with irrn.—..-uingrknrs of rdiation o bath the fromal
anel the |xn|:r'r.:-r |:|i-1r|:i-::-FI]1r. brain from about 32 Aoy
these not D(pt:srx] o amund 1T in those who neceived 2250

rnG]: Far the frontal dese, the multhariate odds matio was 047
B conficenoe intemal 095 w085 P rend Q000%) and
Exrthe posterior chse itwes (053 00 2% 10 LAT.00005) A
regative chae-mspome relation was ako evident Er the three
cogrithve tests for ksrning abiliy and logioal resoning but not
Exrthe test of sptial recognition

Conclusions Low deses of iniking mcdiation € the brain in
infarcy influence cognithe abilities in acdultheoed
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We arabsed cognitive function ina brge population. esed
cohort of men at the tme of rnilili-u']' enlistment who had
weeived low cese ionking maditon for cuaneous lnemang-
oma before age 18 months Bewerd on previous experience, we
hypothesied that chmage o the fontal g of the brain woukl
Toave o meme gevere e fict on mental cagacity than damage © the
posterior part.!!

Participants and methods

Our cohont compried all boys trened by wacio herapy for cutr-
recus Faeman gioma aged uncer 18 months at the Kam lingka
University Hespital in Steckholm, This cohort s been
cescribed in de kil previoush'*'"

A nel 9% of Swecdih men aged 18 or 19 yes an tes e
before militry service. During the pedod of ours ey about 2
of the men ested were eempted Fom milisry service formecdi-
il or pychokgical resns® We were ghen pemision to
search the Sweclish war archives.

From the rnililnr]' rr.EisIr.r we o biained information onage at
enlistment echication. mumber of siblinge birth order, father's
occupation, and cogitve et resuls. Father's cocupation a
presy for socioeronomic status, wis ciegorker] inke fur
groups: unknown and frmers, blie colhr workes. low level
white colbirwe tkers, and high level whie collar werke s, Caege-
riaticon wis xerl on the sociceconomic inde, which takes echi-
caticn into consiceration. @
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