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® \Vas bedeutet Risiko?

® \Wie lassen sich Strahlenrisiken fur
grof3ere Bevolkerungen errechnen?

® \Velche Risikokoeffizienten nutzen wir?

® Wie ist die neuere Datenlage?

www.ippnw.de




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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® \\Vie hoch ist das Risiko in der blauen
Gruppe?

0,25/ 25%

® \\Vie hoch ist das Risiko in der roten
Gruppe?

0,34 / 34%

® \\Vie hoch ist das relative Risiko der
roten zur blauen Gruppe?

1,36
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® \Wie hoch ist das Risiko in der blauen
?
07 Gruppe”
06 0,25/ 25%
” ® \Wie hoch ist das Risiko in der roten
04 Gruppe?
- 0,6 / 60%
02
01 ® \Vie hoch ist das relative Risiko der
roten zur blauen Gruppe?
0

2,4 1240%
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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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® \Vie 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?

www.ippnw.de
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® \Vie 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
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Dies fuhrte zu einer systematischen
Unterschatzung der strahlungs-
bedingten gesundheitlichen Risiken

Enﬁmnn]‘enlal Health
Preventive Medicine

Hiroshima survivors exposed to very low doses of A-bomb

2009

primary radiation showed a high risk for cancers

Tomoyuki Walanahe - Matara Miyaso -
Ryumon Homida - Yuichi Yanmda

Recaved: 34 December 2007/ Accepesd: 13 bay 2008/ Published oalime: § July 3200

@ 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 angaing Efe span
siudy (LE5) with unexposed groups consisting of the enine
ppulations of Hioshima prefecture and meighbonng
Okayama prefecimme.

Mediods The subjecls comited of the Hrashima group
reparied in 155 repor 12 {(L55-H group) and a contral
group {the entire populations of Hirshima and Okayama —
HPCG and OPO0O, mspedtively) We estimated the
expecied number of deaths due 1o 2]l canses and 1o cancers
aof variows causes among the exposed survivars of the
Hirashima bombing in the LS55 report 12 wha died in the
fallow-up inerval al ages simibr io those of people m
Hirmoshima and (Mmyama prefectures who were aged
(}=34 years af the ime of the bambing in 1945, We com-
pared the standardined morality ratio (SMR) of the LES-H
graup fa that of the HROG and ORCE (SME-H and SMR-
), respectively

www.ippnw.de

subjects, and for miens and liver cancers in female soh-
ject, respectively. The remlts show thad, if the dese
eslimations of the dosimety syslem 1986 (D586) are
comect, theme are significamly increased nisks of cancer
amang even survivors expased to the very low dose Jevel.
Conclugons The dmse ssmmpisons of D586 have been
crificized for underestimating deses in areas distam from
the hypocemier. The comirbution of residual radiation,
ignered in LSS, and that of neutrons, undernssimated by
D586, is mggesied do be fairly high.

Keywords Adomic bomb - Cancer - Hiroshima
survivors - Radiation - SME




Eine kurzzeitige Exposition mit hoch-energetischen
Gammastrahlen kann weniger gesundheitsschadlich
sein als eine kontinuierliche innere Exposition mit
inkorporierten Alpha- und Beta-Strahlern.

Der DDREF von 2 fur niedrig-dosierte Strahlung ist
daher nicht akzeptabel. (siehe WHO-Stellungnahme
2013)

www.ippnw.de
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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
Dies fUhrte ZU einer ZUSétZ”Chen Alice M Stewart and (_'.ang\- 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 |||I:'l|1.1|jtrr1<¥l|3' accepred estimates of cancer radiation risk, was collected

more than 5 years after the bombing and did no include those who died of
bomb-related injuries before that date. This paper tests whether the people who
survived, in spite of bomb-related injuries, are homogeneous in respect ol
variation of cancer risk with age with survivors without such injuries.

Methods Appropriate statistical models are derived and fitied to survivor data by
maximum likelilood and the resultamt statistics used 10 1est the homogeneity
assumpiion,

Resulis Significant differences were found 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 exceptionally high risks of late elfecis of radiation for
survivors showing early effects, i.e. bomberelated injuries.

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

Kv',".\.'nrd.r. A-bomb survivors, radiation h!l.'ll‘i?-H'\'. cancer, age, effecs, selection

2000
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HEALTH RISKS

FROM EXPOSURE TO

LOW LEVELS OF

IONIZING
RADIATION

BEIR VII PHASE 2

MATIORNAL RESEARL

www.ippnw.de




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



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 93%

Cancer Site port® port” CI%) port” port” c1d)

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 250 190 140 (30, 380) 740 370 300 (120, 780)
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)
Bladder 160 120 98 (29, 330) 160 100 94 (30, 250)
Other 470 350 280 (120, 680Y 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 (490, 1920} 2230 1880 1410 (740, 2690)

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

Www.ippnw.de Academies Press, Washington, 2006, p. 279f
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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- DDREF® (Subjective 95%

Cancer Site pm‘t” pDI’th {:‘_I':!} port? pDrth CI-:J}
Incidence

Stomach 25 280 34 (3, 350) 32 330 43 (3, 390)
Colon 260 180 160 (66, 360) 160 110 96 (34, 270)
Liver 23 150 27 (4,180} 9 85 12 (1, 130)
Lung 250 190 140 (30, 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)
Owvary 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 (430, 1920) 2230 1880 1410 (740, 2690)

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

Www.ippnw.de Academies Press, Washington, 2006, p. 279f



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

WWW.ippnhw.
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
- ” 0,43 -
04 04 04
03 03 03
02 02 02
01 01 01

0 0 0

EAR = 0,09/PSv EAR = 0,18/PSv EAR = 0,35/PSv

www.ippnw.de



Berechnung der attributalen Krebsmortalitat (EAR) laut BEIR VII:

®Niedrigste Schatzung:
305/10.000 PSv x 1.5 DDREF-Korrektur = 458/10.000 PSv = 0,05 pro PSv

®Durchschnittliche Schatzung:
610/10.000 PSv x 1.5 DDREF-Korrektur = 915/10.000 PSv = 0,09 pro PSv

®Hochste Schatzung:

1.240/10.000 PSv x 1.5 DDREF-Korrektur = 1.860/10.000 PSv = 0,19 pro PSv

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

www.ippnw.de



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-Threzhold Model FROM EXPOSURE TO
LOW LEVELS OF
IONIZING

- RADIATION
(e
a BEIR VII PHASE 2
&
o
r:_'_.

MNatural occurrence
level :

>

+ >

Eadiation
Low dose range

Dose

www.ippnw.de



Linear No-Threshold Model (LNT):

1.000 mSv =1 Sv
100 mSv =0,1 Sv
10 mSv = 0,01 Sv

1 mSv =0,001 Sv

2 von 10 entwickeln Krebs (0,9-3,5)
2 von 100 entwickeln Krebs (0,9-3,5)
2 von 1.000 entwickeln Krebs (0,9-3,5)

2 von 10.000 entwickeln Krebs (0,9-3,5)

www.ippnw.de




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



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



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

Szenario 2:
Individuelles Risiko, wegen der zusatzlichen Strahlenbelastung an Krebs zu erkranken

0,018% (Cl 0,009-0,035%). Individuelles Risiko an Krebs zu erkranken 25,018% (ClI
25,009-25,035%)

www.ippnw.de
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Beispiel Kinderleukamie um AKWSs:

ol
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Beispiel Kinderleukamie um AKWSs:

® |m Schnitt 256 neue Kinderleukamiefalle < 5 Jahren im Jahr

® Zwischen 1980 und 2003 5.893 Falle in ganz Deutschland

® |m 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 AKWSs:
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Risikokalkulation

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

20-30 Jahre
Weil}
Mannlich
Grole 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 herkdommlicher
Erwachsenenmodelle die besondere
Vulnerabilitat des ungeborenen Lebens und des
Kleinkinds in Betracht ziehen.

IPPNW

Internationale Arzte fiir die Verhiitung des Atomkrieges

www.ippnw.de
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Hintergrundstrahlung

16% hoheres Risiko pro 100 Bg/m?
(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

S Darby, D Hill. A Auvinen, | M Barmos-Dio s, H Bay sson, F Bochicchio, H Deo, R Falk, F Forastiere,
M Hakama, I Heid L Kreienbrock, M Kreuser, F Lagarde, | Make Hinen, C Muirhead W Oberaigner,
C: Pershagen, A Ruano-Ravina E Ruosieenoja A Schaffrath Rosario. M Tirmmarche, L Tomdsek

E Whitley, H E Wichmann, R Doll

Abstract

Obyective ‘I determine the riskof lung cancer
associated with exposue at home o the radioactive
disintegration products of natuwally oourring adon
s

Des'gl Collhborative analysis of individual data from
13 case-control studies of residential radon and hing
CANCET

Settmg Nine European couniries

Subpects 7 148 caws of ingcancer and 14 208
controls

Main outcome measures Relative risks of lungcancer
and raclon gas concentations in homesinhabitec
diring the previous 5-3 years measured in
beceuerels (radon disintegrations per wcond) per
cubic metre (Bag/m") of househokl aix

Resalts The mean measured mdon concenbration in
homesol people in the control group was97 Bg/m®,
with 11% measuring > 300 and 4% measuring > 400
Bg/mt. For cises of lung cancer the mean
concentration was 104 Bep/m® The risk of lung cancer

www.ippnw.de

present throughout the earth’scrust Ithasa halflie of
four dhys allowingit o diffuse through soiland into air
before decaying by emission of an o particle into a
series of short lived radioactive progeny: Two of these,
pobninm-218 and poloniwmn-214, also decay by emit-
tinga particles I inhaled, radon itselis mo sty exhaled
immediately Its short lived progeny, howeser, which
are solid, tend to be deposited on the bronc hial epit he-
lium, exposing cells o o readiation

Air pollution by radon is ubiuilous Concentrations
are low outtdoors but can build up hdotn'!i,rs[ﬂ:’l:llly in
homes, where most exposum of the general population
occurs. The highest concentrations o which workers
have been roulinely exposed ocour undergrouncd,
particularly in umanium mines Stxdies of exposed
miners haw consdstently found asodations between
radon and ingeancer * Extrapaolation from these stud-
ies is uncertain but suggests that resiclen tial radon, which
involwes lower exposure o many more people, coukl
r.:lur;? substantial minority ofall ingeancers Thisisof

ical relevance beciuy radon concentmbons in
existing buiklings can usually be wduced at moderate




Hintergrundstrahlung Leu_]_(emia

Korrelation zwischen
A record-based case-control study of natural

Hintergrundstrahlung und dem background radiation and the incidence of

LR childhood leukaemia and other cancers in
LGUkamlenSIKO Great Britain during 1980-2006

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

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

radiation. Cases (27 447) born and diagnosed in Great Britain
during 1980-2006 and matched cancer-free controls (36 793)

51 LLeukaemia were from the National Registry of Childhood Tumours. Radiation
exposures were estimated for mother’s residence at the child's
4 4 birth from national databases, using the County District mean for
f., gamma rays, and a predictive map based on domestic
= 5 measurements grouped by geological boundaries for radon. There
4 was 12% excess relative risk (ERR) (95% CI 3, 22; two-sided
-E 2 P=0.01) of childhood leukaemia per millisievert of cumulative red
T bone marrow dose from gamma radiation; the analogous
= association for radon was not significant, ERR 3% (95% CI —4, 11;
1 P=0.35). Associations for other childhood cancers were not
significant for either exposure. Excess risk was insensitive to
0 - Y adjustment for measures of socio-economic status. The

T
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

Cumulative gammadose (mGy)

= Observed = O bserved lower 95% CI association, which we regard as likely to be causal. The study
. supports the extrapolation of high-dose rate risk models to
; OF ~
Observed upper95% Cl Modelled fit protracted exposures at natural background exposure levels.
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 Strahlun BM
g Helping doctors make better decisions

Cancer risk in 680 000 people exposed to computed

10,9 Millionen Patienten 1985-2005 tomography scans in childhood or adolescence: data
linkage study of 11 million Australians

John D Mathews r:p."ds.rn.'}::lbg.fs!': AnnaV Forsythe ressarch officer’ | Zos Brady .rrleci"c:a:fp._‘:ys.'b.fsf

Ein CT (4,5 mSv) erhohte das
L 0 Martin W Butler cefe analyst |, Stacy K Goergen rﬁnﬁub_g\"s!': Graham B Byrnes stafisticir:, Graham
Kre bS rl SI kO U m rU n d 24 A) G Giles epidemiologist, Anthormy B Wallace medical physeist | Philip B Anderson epicermilogist

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’

Pratra

Jedes zusatzliche CT erhohte das
Risiko um weitere 16%

dia;  Deparrnent ol Diagnastic

edical magng

Je jliinger, desto hoher das Risiko:

Ojective To assess e conoe dsiin child ren and addesoerns lalosng

1-4 Jahre: 35% hoheres Krebsrisiko

Design Popukbion based, cohort, data lirkage sludy n Ausmala
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Uranbergbau

59.000 ehemalige Uranbergleute

Signifikant Korrelation zwischen
Arbeistzeit und Krebsrisiko

21% hoheres Krebsrisiko pro working
level month (95% CI 18 — 24)

Rauchen ist kein Confounder

Die wahren Effekte sind vermutlich
noch viel hoher

B)

Lung cancer risk among German male uranium miners: a cohort

stuay,

British Journal of Cancer

1946—1998

.GE!E’""I,"" I’" I’“-I. 1 IMAT N 1
Fcleral Office for Radbatin Protection, Departrment Tacfation Protection ard Heat, gl eder Lo, |, 85754 Dberachisisdeim, Gemnany

From 1944 ta 1990 extensive uranium mining wis conducted in the southem parts of the former German Demoaratic Republic The
ewerall workdorce induded several [00000 indvidsals. A cchort of 53001 former male empleyees of the VWianut Company was
extabdred, forming a large retrogpectve uranium miners’ aohort Tor the time period 1946 1998, Mean duration of follow-up was
05 years with atotalof | 801 830 person-years Loss to follow-upwas low at 53% Of the workers. 16538 (28,1 %) ded durirg the
study period. Bimed on 2388 lung cancer deaths, the radon-related ung cancer risk i evaluated The expess relative risk (ERF) par
wiorking kvel month (MWLM was estimated a5 021 % (F5% CE 0080240 i was dependant on time snce expodure and on attaned
e, The highest ERRAWLM win observerd | 5-24 years afber exposure and inthe youngest age group {55 years of age). While a
strang inverse axposure-rate effect was detected farhigh eposures, no sgnificant assodiation was detected at exposures below 100
LM, Bxcess relatve nsk AWM was not modfiedby duraton of expesure. The results would indeate the need to re-estimate the
affects of risk modifing Bctors in ourrent rigk modelks & duration of exposure did nat madify the ERRAWLM and there wes orly a
rodest dedine of ERRAWVLM wih nareasing time since apogine

Batrsh Jounal of Cancer (2006 95, |280- 1287, do:lO.IO]&"s'bpcé-ém‘tO] i bip ancercom

Pubished onine |7 Oictober 2006

& 2006 Cancer Research UK

Maywards: epderrolegs; cohart study; uranurm rrnas; Ling cancer; radeon

From 196 to 1990 there was extensive uranium mining in the
southem parts of the former German Demaocratic Republic (GDR).
It was conducted by the Soviet-German Incorporated Cmnpmly
Wismut Seme 231000 metrie tons of wranium ore were

(Wisimut, 1999) and incorporated intoe the former Soviet me
nudear programme. About 400000 persons may have worked
with the company, most of them underground or in wranium ore
procesting facilities (Dtten and Schulr, 19981 Approcimately
130000 of the workers are known Up 1o 1999, 7695 workers with
radiatiois-induced luyg cancers had been compensated (Schrdder
ef al, 2002} In 2000, the anmual number of newly compensated
cases was still almost 200 although with a decreasing trend
(Hoppisch er al 2004).

www.ippnw.de

et al, 2004; Krelshelmer, 2006}, vet further follow-up was only
conducted for the Crech {Tomasek, 2002; Tomasek and Zarska,
2004) and the French cohort {Rogel et af, 2002; Laurier et al, 2004)L
Although the evidence of a radon-related lung cancer rigk amaong
mimers i large, it is based upon varkus heterogeneous cohorts
for which the cohaori-specific dsk estimates vary by more than
an order of magnitude. The new German coluort i3 as big as all the
11 cohorts put together, but less he i mgens ous in various apects
same societal and geographical background, same way of follow-
up, and one system for expodite estimation.

The aim of the present analysis was to evaluate the lung cancer
risk asmociaied with radon and lis progeny due to cumulative
radon exposure, exposute rate, duration of exposure, time since
exposiure, 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: retrospedive

cohort study in 15 countries
£
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e Hetiean pealee an s thor e
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excem rebithe rik for ke ukaemnia e hicing clwonic
rphecyte kukiemia wes 103 per Sv{ <00 B AT On e
tmin of these mtimates, 1=2% of deatbs from cunce r aesong
workem in this cobort may be attribuizble o ecliation

e lumione These extirnates, From the biggest stucy of nackeas
worke s eve r corchi cieel are higher thamn but statis tically
eoarnpatible with the rnk estimaies v Brewment relation
protection stinctrck The mesul s suggeest that there & aemal
excem risk of cance s even at the low deses aned dose rtes
typically receiver] by micler worke s in this stuchy
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by the public in the gerem] enwironment, by patiens threugh
repeniedd diignontc. procecies® aned by nadiation workem

The efficts of low cese chonke exposre o external
relipiion e been clinecily extimaied in sevemnl eoboris ol
vy vl 090 Bae mue ke ﬂ:(lu-ll‘,' bt 1l -L-ullplr wlee leaw Hindied
the prechion of thes oimaes Analyees of combine] colers
husre irprosed preckion. " Estimies from these amlyse, lew-
ever, we computible with o rnge of posibiliios, from o
rrelme oy oof ru koo lese chomew ie rinks qulrl e ihese unekerly=
u“f- enil oaclison i fesi reeesinineie Lk
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sow tific lmin of nelision protce thon! We premen | ek exthna tos
for mortlity fom all cuves, exclucling leukaemis, aned From
beskesrvats exclucling clvonk  pmplocyte kukemi and
comper them with ostimaies cherve] freom elata on survhon ol
the A bors b Wre lsove useed the oo oo clear ingdusiny e refier &
Escllities coppgged in prochction of nuckar powern manuli e
of mclar weapons, e nrchmen and procssing of miclsr fuel,

prxlecion of nxlbisiopos. or miior or weapoms remesaieh,
Urssniurs mining is nof incluckel.

Methods

This maltistional retrospecthe colort stucly used a commen
protocol in 15 countrdes and collected inBmation on nearly
B00 000 workers. Stucly oo horts were de Breed Frem r|n|1|t:rr|nr|||
or dmimetic woonds of Ericipating Facilies or. when
avsikble. from ocontralised national cose rogistries. The o priori
eBgibility crite ia for inclusion of cobomts” were ementially com-
pl—l— aml mersclective fn]bn'-u]: for moraliy
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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

Leukaemia in young children living in the vicinity of German nuclear

power plants

Peter Kaatsch®, (Clandia Spix, Renate Schulze-Rath, Sven Schmicedel and Maria Bletiner
Institute for Medical Biostatistics, Epidemiology and Informetics, German Childhood Cancer Registry,

Obere Zahlhacher Strasse 69, 35131 Mainz, Germany

A case control study was conducted where cases were children
younger than 5 years (discased between 1950 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
puower 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 leuksemia combined show a statistically significant trend for
1/distance with a positive repression coefficient of L75 [lower
95 %-con fidence limit (CL): 0,65]; for acute lymphoid leukaemia
1.63 (lower 95%-CL: 0.39), for acute non-lymphocytic 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 categorical umlltxix shows a statistically
aiignil{cun‘t 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
GOUCR (especially in the inner zone) as there is clearly some over-
Lap between those studies, The result was not to be expected under
current radistion-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 unexplained,

© 2007 Wiley-Liss, Inc.

Key words: childhood; leukaemia; nuclear power plants; population-
based; cancer mgistry
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reporls prompad a study of almost identical design that was based
on the data of the Gemnan Childhood Cancer Registry (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 specifically, leukaemia in
children younger than 15 vears within a 15-km zone of West Ger-
man nuclear plants was not confirmed. However, exploratory anal-
yaes indicated that, for example, in children vounger than 5 vears
living within the inner 5-km zone, the increase in leukaemia rate
was statistically .t;i‘e,mfic..'ml.’5 As these resulis gave rise o contro-
versial discussion and as at the same time a statistically significant
leukaemia cluster was seen near the North German nuclear power
plant of Krimmel,'® the study period was extended to cover the
years 1991 through 1995 (Study 2).

Study 2 failed to reproduce statistically significant results
regarding the subgroup for which resulis were significanily
increased in the exploratory analysis of Study 1. Nevertheless, a
tendency was seen towards an increased relative risk (RR) for leu-
kaemia to-ocenr in under S-year-olds within the S-km vicinity. ™

Even after these results had been published, discussions on a
potential relationship between the occurrence of childhood leukae-
mia and close proximity 1o noclear plants in routine operation
have not ceased. For this reason, a case control study was initiated
by the Federal povernment and started at the GOCR in 2003.
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16.000 (3.400-72.000)
Schilddrusenkrebsfalle 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

from radioactive fallout from the

Elisabeth Cardis"*, Daniel Krewski®, Mathien Boniol', Visdimir Drozdovitch', Sarah €. Darby?, Ethel 8. Gilbert?,
Suminori Akiba®, Jacques Benichou®, Jacques Ferlay!, Sara Gandini”, Catherine Hill®, Geoffrey Howe®,
Ansrele Kesminiene', Mirjana M oser'™, Marie Sanchez!, Hans Storm"!, Laurent Voisin' and Peter Boyle'

! inter national Agency for Research on Cancer, Lyon, France
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SBiostatistics Linir, Liriversity af Rowen Medical School and Rawen
TPJ!J'{J,IJ&‘&J‘! Institte of Onoology, Milano, fraly
fnstitus CGrustave-Roussy, Villeinif, France
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Q.Depa.r.rmem af Epidermialoagy, Mailman School of Pablic Health, Colwmbia Uriversity, New Yark, NY, U154

O ederal Office of Public Health, Bern, Switzerland
M anish Cancer Saciety, Copenfagen, Denmark

The Chernobyl accident, which oocurred A pril 26, 19986, resulted in
a large release of radiomscides, which were deposited over a very
wide area, partcularly in Europe Alhough an inereased risk of thy-
rodd cancer in equesed children kas been dearly demnstrated in the
met contaminated reglons, the impact of the accident on the risk of
ather cancers as well ag elsewhere in Europe 15 les dear, The objec-
thvie of the present study was tooevaluate the uman cancer burden in
Furope a5 a whole from radicactive fallout from the accident. Awer-
age country- and reglon-specific whole-bod y and thyrold doses from
Chernoly] were estimated using new dosimetric models and radio-
hgical data, Numbers of cancer cases and deaths possbly attribta-
hle to radiation from Chernabyl were estimated, applying state-of-
the-art risk masdels derived from studies of other irradiated popul-
thns Simultaneouwsly, trends in cancer inddence and mortality were
examined over time and by dose level. The risk projections suggest
theat by moow O e mokyy] may have caused abowt 1M cases of thyrold
cancer and 4/WM) cases of other cancers in Furope, representing
about (WL % of all incdent cancers since the acddent, Models pre-
dict that by 2065 abowt 16, (955% UL 3,400-T2WWN cases of thy-
roid cancer and 250 {95% UL 11, (WW0-50,(0M)) cases of other can-
cers may be expected due to radistion from the accident, whereas
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Epidemiclogical stedies locwsing on the most  comtaminated
regions of the 3 most affected countries have confimmed a cawsal
relationship between the observed increased risk of thymid cancer
and exposure 0 mdioactive iodines from the Chemobyl Fallowt
among those who were childnen or adolescenis when the accident
]mppmcd.” {Hher 13{?5 ol cancer, including leukemia, have also
been inmcsligat:d.”" but as yel no asseociation with mdiation ex-
posun: has been clearly demonstrated. Recent studies sugpesl a pos
zible dowhling of the risk of leukemia among Chernoby! cleanup
workers ™ and a small increase in the incidence of premenopawsal
breast cancer’™ in the mast contaminaied disiricts {with averapge
whole-body doses above 4 mSv), both of which appear to be
related to rdiation dose. These finding s need confirmation in further
epidemiological studies with careful individual dose neconstroction.

The full extent of the health impact of Chernobyl on the popula-
tion is difficult to gavge. Ten years ago, Candis and collaborators™
eslimated that abow 9000 deaths from cancers and leukemia
might be expected over the course of a liletime in the most
exposed populations in Belarus, the Ruwssian Federation and
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Nicht-Krebserkrankungen

Meta-Analyse von 10 peer-reviewed
Studien von:

® Atomarbeitern

®Berufsmalig 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
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TACKGROUMD: Although high doses of ioniring ediation kv long boon linked (o drobiory
diseas, evidemce for an anociation at lower exposures remaing controvensial. However, momt amaly-
s sugpest excess relative risks at occapational exposae kevels.
DRECTIVES: We I.-nhmnd = spuiemeic review aned mees analysis o symmariae informetion o
circulatory disease rizks arsociated with moderate and bow. level whaolz ¥ty ionizing mdiation
expoanres.
METHOS: We conducied PabMed/I51 Thomson seanches of prer- seviewsd papers published since
1590 msing the term s “radiation” AND “heart™ AND “discase,” OR “radiation™ AND “stroke,” O
“radiation”™ AND “circalamey” ANI “disease.” Radistion expoanres had 1o be whole-body, with a
cuiwubstive moan dose of < L5 Sy, of ot a low doss @to (< 10 mSviday). We citimeatid popalstion
risks o circulatory disease from lovw-level mdiation exporue wing oo rebative risk estimates from
vhis e anadysis and carrens maoeabity mies for sine majos developed soqntrie:.
MERILS: Extimated excess popubition ks for all droabory diseases combimed ranged from 2.5%/5r
[95% confidemce inserval {CT): 0.8, 42| for France oo 8. 5%/ 5y (95% CT: 4.0, 130} for Rossia

CONCLIEIONS Dur review sppoets an sk tion between rcubmory disce mortaliny sd lovw
amd modeate doses of jonizing radiation. Our analysis was Limited h lmvg!nﬂlp amuny, studies
i noacardiac end points], the possibiity of +ome oo
nfﬂmp by ifcatyle Erm}:D:: M(f:wr gromps (= 0.5 5v) ;pnml"r drivving, the dnﬁ

mﬁmnd. our findings suppest that overall radiation-related mortality is about twice
th: d based on for camcer end points akone (which range from 4.2% o
$.6/8x for these popa lsions).

KEY worDs: cancer, circulatory disrase, heart divere, rdiation, stroke. Evriren Heslth Pergpect
120150315110 (2002). heepefVde.dol org/ 100128 W chp 1 204 382 [Online 12 Jane 2012]
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Nicht-Krebserkrankungen

Ca. 3.000 Kinder nach Strahlentherapie
far kutane Hamangiome

Exakte Dosiskalukation
(durchschnittl. Hirndosis < 100 mGy)

Negative Dosis-Wirkungs-Kurve:
* Lernfahigkeit

* Logisches Denken

* Raumliche Vorstellungskraft

* Oberschulreife

B MJ Helping doctors make better decisions

Fffect of low doses of ionising radiation in infancy on cognitive
function in adulthood: Swedish population based cohort study
Ber Hall IIa.n.li-Gb\-‘ﬁdan'li.l!in'liu'imi'lﬁ'ic:hc:[nubﬁ..‘iam:yI. PFeder en, Fagona Iaginu.ﬁncln'!ilfklmm.

Martin Ingyar, Marie Lundell Fredrik Granath

Ahbstract

Objectiw To determine whe ther exposure o kow coses of
ionising radiation ininfncy afecs cognitive finction in
achultheeel

Thsign Population kel cohart stuck:

Setting Sweclen

Participants X4 men whe o rece ved rciation for
cutarecus lemangioma befre age 18 months during
168050

Main outrome messnres Radintion dose o frontal and
peskerior s of the brain andassocition between cdose and
inte lectual capacity at age 18.or 19 years e on cogritive
st [karning ability, ko gical reasoning, s patial oognition) and
high schoal attenchance,

Rasults The propartion of boys who ate nded highschool
checreased with irrn:.nhgtl:xim of radiation to both the fronl
anl the |:|m|r.r'nr |:|i-1r|sic:|'|]1: brain from about 235 amon
theses not rxpmrx] o amund 17 in those who eosived] 2 250
m(]]: For the frontal dose. the multhiariate odds matio was (0047
E5 confidence intemal 095 w085 P fr trend Q0008 ancd
Exrthe posterior close itwes 0V 025 o 147000051 A
repative close-mespo ree relation was ako evident £ the three
cognithe tesis for karning ability and logical resoning but ot
Exrthe test of spatial recognition

Conclusions Lewdoses of onking mdistion e the brin in
infarcy influence cognitive abilites in sl thood
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We ambysed cognitive Function ina brge population e
cohart of men at the time of rni].il'.u']' enlistment who had
mcriverd low dose onking mdition for cubinecus emang-
oma before age 18 months Besexd on previous experience, we
hypothesie that damage wo the fontl g of the brain wouk]
Teave a mene severe efiect on mental cagaciy than damage © the
pos terior part '

Participants and methods

Our cohon comprised all boys treaed by midioherapy for cuse
recus eman gioma aged uncer 18 months at the Kamlingka
University Heospital in Steckholm, This cohort s been
described in de bl previous 7

Amuned 05 of Swecsh men aged 18 or 19 yeas ar s tec
before miligry service Durng the pedod of ours udy, about 206
of the men ested were e mptee from milisry serviee for mec-
cal or pychokgical resons® We were ghen pemision to
search the Swerish war archives.

Fram the mi].il'.lr]' rcsislcrutohm iner] infirmation on Ageat
enlistment ecucation, mumber of siblings hirth order, father's
occupation, and cognitve et results. Father's occumtion o
preoy for sociceconomic staus, wis ciegorked ine Bur
groups: unknown and frmers blue colbr workes, kow level
white colbir werkers, ancd hi gh level whie collar werke s, Caege-
rivation wis lemerd on the sociceconomic indecwhich takes eclu-
caticn into consideration, @
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