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Ergebnisse des Ulmer Expertentreffens vom 19. Oktober 2013
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B e und W iseens chaftler warnen ver G esundheits
A schiden durch ionisierande Strahlung. Schan

Strahlendasen in der Gréfenordnung ven
1 Millicievere [mSw) erhthen nachw eislich das Erkran-
kungeriiko. s gibt kenven Schvrellenwert unter halb a5
san Strahlung un wirksam wirs,

Am 18 Oktober 2013 fand auf Einladung d er i tearga-
nization IPPNYY in Ulrn zin Exp arkentreffan von Arztnnan
und Wiz anzchaftlerinn an au: dar Rrahlenbidegia. Epi
dem isdogie, Skat Ak und Physik aus Deutechland und der
Schow iz skatt, Die Teilnshmerlnn en dizkutierben den ake
tuellen Wizzensstand oo den Gefahren ionizierender
Strahlung i Miedrigdosish ereich.

Die Expartenrunde fordert ein e dnp assung d e Strahlene
schutzes an den aktuellen Stand der ¥Wiss ens chaft. lonk
sierend e Strahlung fiihre 2u manifesten gesundheklichen
Schidden. Rir ainen Tail der Riiken las:en naue apid emic-
lagizch s Untersuchun gan e e quant tative Bestimmung
=u. Diz Rizikob awarkun g aufgrund skatiztiz char Erhabun-
Fen an Atombombeniiberleb enden won Hiroshima und
M agasaki als Re fere nzkollektivis tiiberholt Schon kleinste
Strahlznd oz an werurzachean Erkrankun gan.

1 Schond

gich nachwe swun dheitus

Bereits die nied rigen Oos en der Hintergrun dstrablun g fin-
haliartes Rad cn, berrastr i che und kosmische Strahing,
it der Nahrun gau Fzenom m ene naticliche Rad icisotop e]
Fiihren ou epidemiologisch nachweisbaren & esun dheits-
schiiden. Das Argument, eine Strablen be lastung bewege
sich .nur” im Dox i ba reich dar ,natiriche i Hin terzrun d-
strahlung und seid eshalb unb edenklich, ist daher irrefiih-
rend.

Die Ergebnisse des Expertentreffens im
Einzelnen:




Hintergrundstrahlung

Schon Hintergrundstrahlung verursacht
epidemiologisch nachweisbare Gesundheits-

schaden

B Radon

B Nahrung
Terrestrisch

¥ Kosmisch
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Hintergrundstrahlung

Belastbare Evidenz fiir Assoziation
zwischen Radonbelastung im Haus
und Lungenkrebs

11% hoheres Risiko pro 100 Bg/m?3
(95% CI 1 - 28 %)

Confounder wie Geschlecht,
Bildungsgrad oder Rauchen konnten
ausgeschlossen werden

American Journal of

EPIDEMIOLOGY

05

Residential Radon and Risk of Lung Cancer
A Combined Analysis of 7 North American Case-Control Studies

Daniel Krewski,” Jay H. Lubin,” Jan M. Zielinski,"* Michael Alavanja,® Vanessa S. Catalan,)
R. William Field,”"" Judith B. Klotz,”" Ernest G. Létourneau,”* Charles F. Lynch,* Joseph I. Lyon,**
Dale P. Sandler, Janet B. Schoenberg,’™ Daniel J. Steck,™ Jan A. Stolwijk,”** Clarice Weinberg,”’"
and Homer B. Wilcox™

Background: Underground miners exposed to high levels of radon
have an excess risk of lung cancer. Residential exposure to radon is
at much lower levels, and the risk of lung cancer with residential

Submitted 14 October 2004; final version accepted 19 November 2004.

From the*McLaughlin Centre for Pop Health Risk Assess Uni-
versity of Ottawa, Ottawa, Ontario, Canada; the tBiostatistics Branch,
Division of Cancer Epidemiology and Genetics, National Cancer Insti-
tute, Bethesda, MD; the {Healthy Environments and Consumer Safety
Branch, Health Canada, Ottawa, Ontario, Canada: the §Occupational
Epidemiology Branch, Division of Cancer Epidemiology and Genetics,
National Cancer Institute, Washington, DC; the |[Centre of Excellence for
Children and Adolescents with Special Needs, Lakchead University,
Thunder Bay, Ontario, Canada; the Departments of §Epidemiology and
**Occ I and Env al Health. College of Public Health,

exposure is less clear. We conducted a systematic analysis of pooled
data from all North American residential radon studies.

Methods: The pooling project included original data from 7 North
American case—control studies, all of which used long-term a-track
detectors to assess residential radon concentrations. A total of 3662
cases and 4966 controls were retained for the analysis. We used
conditional likelihood regression to estimate the excess risk of lung
cancer.

Results: Odds ratios (ORs) for lung cancer increased with residen-
tial radon concentration. The estimated OR after exposure to radon
at a concentration of 100 Bg/m® in the exposure time window 5 to
30 years before the index date was 1.11 (95% confidence interval =
1.00-1.28). This estimate is compatible with the estimate of 1.12
(1.02-1.25) predicted by downward extrapolation of the miner data.
There was no evidence of heterogeneity of radon effects across
studies. _]’hcre was no apparent heterogeneity in the association by

www.ippnw.de




Hintergrundstrahlung

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

Rauchen ist ein unabhangiger
Risikofaktor

Kein unterer Schwellenwert, Dosis-
Wirkungs-Beziehung, selbst
unterhalb heutiger Grenzwerte

Radon ist verantwortlich fir 9% aller
Lungenkrebsfalle und 2% aller
Todesfalle durch Lungenkrebs

B MJ Helping doctors make better decisions

2005

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 Barros-Dios H Bay sson, F Bochiechio, H Deo, R Falk, F Forastiere,
M Hakarna, I Heid L Kreienbrock, M Kreuzer, F Lagarde, I Mike Eiinen, C Muirhead W Oberaigner,
( Pershagen, A Ruano-Ravina E Ruosteenoja A Schaffrath Rosario, M Tirnmarche, L Tomidsek

E Whitley, H E Wichmann, R Doll

Abstract

Olyective o determine the riskof lungcncer
associated with exposue at home to the radioactive
disintegration products of naturally occurring 1adon
s

Design Colliborative analysisof individual cata from
13 case-control studies of residential radon and hing
cancer.

Setting Nine European countries

Subpects 7 148 cawes of ingcancer and 14 208
controls

Main ontcome measures Relative risks of ingcancer
and radon gas concentrations in homesinhabited
during the previous 5-34 years measured in
becquerels (radon disintegrations per second) per
cubic metre ( Ba/m") of househokl aic

Results The mean measured radon concentration in
homesof people in the control group was97 Bg/m®,
with 11% measuring > 200 and 4% measuring > 400
B/, For cases of lung cancer the mean
concentration was 104 Bq/m® The risk of lung cancer

present throughout the earth’scrust It hasa halflife of
fourdays allowingit to diffuse through soiland into air
before decaying by emission of an o particle into a
series of short lived radioactive progeny. Two of these,
polonium-218 and polonium-214, also decay by emit-
linga particles I inhaled, radon itselfis mo stly exhaled
immediately Its short lived progeny, howewr, which
are solid, tend to be deposited on the bronchial epithe-
linm, exposing cells to o iradiation.

Air pollution by radon is ubkjuitous Concentrations
are low outdoors but can build up indoory especially in
homes, where most exposumw of the general population
occurs The highest concentrations 1o which workers
have been routinely exposed occur underground,
partcularly in uranium mines Stxlies of exposed
miners haw consstently found asodations between
radon and hingeancer® * Extrapolation from these stud-
s is uncertain but suggests that residential racdlon, which
invalwes lower exposure o many more people, coukl
causesi substantial minority ofall ingeancers Thisisof
practical relevance beciuwe radon concentmbions in
existing buiklings can usually be wduced at moderate

www.ippnw.de




Hintergrundstrahlung

Assoziation von Hintergrundstrahlung
mit Leukamie

12% hoheres Risiko pro mSv KM-Dosis
(95% CI 3 — 22%)

LLeukaemia

Relativerisk

0 5 10 15
Cumulative gamma dose (mGy)

== Observed == Observed lower 95% ClI
we Observed upper 95% Cl Modelled fit

we Relative risk=1

Leukemia

A record-based case—-control study of natural
background radiation and the incidence of
childhood leukaemia and other cancers in
Great Britain during 1980-2006

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

We conducted a large record-based case—control study testing
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)
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
adjustment for measures of socio-economic status. The
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
association, which we regard as likely to be causal. The study
supports the extrapolation of high-dose rate risk models to
protracted exposures at natural background exposure levels,

P=0.01) of childhood leukaemia per millisievert of cumulative red
bone marrow dose from gamma radiation; the analogous 013
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Hintergrundstrahlung

15-20% aller Kinderleukamie durch
naturliche Hintergrundstrahlung
verursacht

Journal of Radiological Protection

,  Official joumal of
| the Society for
Radiological Protection

Updated estimates of the proportion of childhood
leukaemia incidence in Great Britain that may be
caused by natural background ionising radiation

Mark P Little'*, Richard Wakeford® and Gerald M Kendall?

! Department of Epidemiology and Public Health, Imperial College. London W2 1PG, UK

2 Dalton Nuclear Institute, The University of Manchester, Pariser Building—G Floor, PO Box 88,
Sackville Street. Manche ster MO 100, UK

¥ Childhood Cancer Research Group, Richards Building, University of Oxford, Old Road Campus,
Onford OX3 7TLG. UK

E-mail: mark.litde @imperial.ac.uk

Received 29 June 2009, in final form 26 September 2009, accepted for
publication 1 October 2009

Published 18 November 2009

Online at stacks.iop.org/IRP/29/467

Abstract

The aetiology of childhood leukaemia remains generally unknown, although
exposure to moderate and high levels of ionising radiation, such as was
experienced during the atomic bombings of Japan or from radiotherapy. is an
established cause. Risk models based primarily upon studies of the Japanese A-
bomb survivors imply that low-level exposure to ionising radiation, including
to ubiguitous natural background radiation. also raises the risk of childhood
leukaemia. In a recent paper (Wakeford er al 2009 Lenkaemia 23 T70—
6) we estimated the proportion of childhood leukaemia incidence in Great
Britain attributable to natural background radiation to be about 20%. In
this paper we employ the two sets of published leukaemia risk models vused
previously, but use recently published revised estimates of natural background
radiation doses received by the red bone marrow of British children to update
the previous results, Using the newer dosimetry we calculate that the best 2009
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Hintergrundstrahlung

Hausliche Radonbelastung, terrestrische
Strahlung, Grundwasserkontamination und
kosmische Hohenstrahlung (z.B. im Rahmen
von Fligen) erhdhen das Krankheitsrisiko
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Medizinische Strahlung

Medizinische Strahlendiagnostik
verursacht epidemiologisch
nachweisbare Gesundheitsschaden
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Medizinische Strahlung

Mehr als 355.000 Patienten 1985-2002

Ein CT mit ca. 50-60 mSv kann das
Risiko von Leukamien oder
Hirntumoren verdreifachen

Confounder konnten nicht identifiziert
werden.

THE LANCET

Articles

Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:
a retrospective cohort study

Mok 5 Penrce, [ane A Salotti Mark P Littl, Keran McHugh, Choonsik Lee. Kwang PyoKim, Micol L Howe, Cecdle M Ronckers, Preetha Rajaramon,
Sir Adan W Craft, LoviseParkey, Amy Bemington de Gonzdlez

Summary

Background Although CT scans are very wseful cl y, potential cancer risks exist from
radiation, in par lar for children who are more radiosensitive than adulis, We aimed to asse
leukacm ia and brain tumours after CT scans ina cohort of children and young adults.

associated ienising
a5 the excess risk of

Methods In our retrospective cohort study, we included patients without previous cancer diagnoses who were first
examined with CT in Natiomal Health Service {NHS) centres in Englamd, Wales, or Scotland [Great Britain) between
1965 and 2002, when they were yourger than 22 years of age, We oblained data for cancer incidence, mortality, and
loss to follow-up from the NHS Central Registry from Jan 1, 1985, 1o Dec 31, 2008, We estimated absorbed brain and
red bone marrow doses per CT scan in mGy and assessed excess incidence of leukaemia and brain umours cancer
with Poisson relative risk models. To avoid inclusion of CT scans related to cancer diagnosis, follow-up for leukaem ia
began 2 years after the first CT and for brain tumours 5 years after the first CT.

Findings During follow-up, 74 of 178 604 paticnts were diagnosed with keukacmia and 135 of 176567 paticnts were
diagnosed with brain tumours. We noted a positive association between radiation dose from CT scans and leukaem ia
[excess relative risk [ERR] per m Gy 0-036, 95% CTO-005-0-120; p=i1-2097) and brain tumours (00023, 0-010-0-04%;
pe<01-000 1). Com pared with patients who received a dose of less than £ fiGy, the relative risk of leukaem ia for patients
who received a cum ulative dose of ar least 30 mGy (mean dose 51-13 m Gy) was 3-18 (95% CT 1-46-6-94) and the
relative risk of brain cancer for patients who received a cum ulative dose of 50-74 m Gy {mean dose 60 -42 mGy) was
282 (1-33-6-03).

Interpretation Useol CT stans inchildren o deliver cum ulative doses of about 50 mGy might alm ost tri ple the risk of
leukaemia and doses of about # m Gy might triple the risk of brain cancer. Because these cancers are relatively rare,
the cumulative absolute risks are smalk inthe 10 years afler the first scan for patients younger than 10 vears, one excess
case of leukaemia and one excess case of brain tumour per 10000 head CT scans is estimated to occur. Nevertheless,
although clinical benefits should outweigh the small absolute risks, radiation doses from CT scans ought to be kept as
low as possible and alternative procedures, which do not involve ionising radiation, should beconsidered if appropriate.
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Medizinische Strahlung

10,9 Millionen Patienten 1985-2005

Krebsrisiko steigt um 24% durch 1 CT
(4,5 mSv)

Jede weitere CT-Untersuchung erhoht
das Risiko um etwa 16%

Je junger, desto hoher das Risiko:

» 1-4 Jahre: 35% hoéheres Krebsrisiko

» 5-9 Jahre: 25% hoheres Krebsrisiko

* 10-14 Jahre: 14% hoheres Krebsrisiko

BM o
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 Mathews epigemiblogist |, Anna ¥ Forsythe research offiver’, Zoe Brady rmedical physiist :
Martin W Butler ciafe analyst”, Stacy K Goergen radfologrst’, Graham B Byrmes stafisficiss, Graham
G Giles cp.l'ﬁis.frJ."dLy."sf: Anthory B Wallace .'rJed."L‘ﬁ.fp.‘rys.'b."sf'-: Philip B Anderson cpr'ui:'.'rJr'cJ.fLyf'sf":
Tenniel A Guiver defs &'r.&n’y.s!;': Paul MoGale stfisitian Timathy M Cain radiobegist |, James G
Drnwty reseerch fallow | Adian C Bickerstaffe computer seientisf | Sarah C Darby statistician’”
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Medizinische Strahlung

Sowohl konventionelles Rontgen als auch CT-
Untersuchungen erhdhen das Krebsrisiko

In bestimmten Subgruppen ist das individuelle

Risiko erhoht (Kinder, Schwangere, Patienten
mit Risikofaktoren)

www.ippnw.de
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Atomindustrie

Die Nutzung von Atomenergie und der Einsatz
von Atomwaffen verursachen epidemiologisch
nachweisbare Gesundheitsschaden

www.ippnw.de
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Uranbergbau

59.001 ehemalige Wismutarbeiter

Zusammenhang zwischen
Arbeitszeit und Krebsrisiko

21% hoheres Krebsrisiko pro WLM
(95% CI1 18 - 24)

British Journal of Cancer

Lung cancer risk among German male uranium miners: a cohort

study, 1946—1998

B Grosche™', M Kreuzer', M Kreshelmer', M Schnelzer' and A Tschense'

Fecleral Office for Radfatin Protection, Departrment Baciation Protection ardd Heabt, inpolstaedier Lardstr, |, 85764 Dberachisisdisin, Germeny

From 1944 to 1990 extensive uranium mining wis conducted in the southem parts of the former German Demoaratic Repubic The
everall workioree induded several 100000 indviduals. A cohert of 59001 former male employees of the Wiamut Comparny wes
extabished, forming a large retrogpectve uraniom miners” aohert for the time period 1946 | 998, Maan duration of fallow-up s
305 years with a total of | 801 430 person-years Loss to follow-up was kow at 53% Of the workers. 16598 (28,1 %) ded during the
stucly period. Baed on 2388 ng cancer deaths, the radon-related ung cancer risk is evaliated. The exess relative risk [ERR) pear
woorking evel month (WILM) was estimated as 02 1% (35% CE O 8-0.24) 1 was dependent on time since exposure and on attaned
age. The highest ERRAWUM win observed 15-24 pears after exposure and inthe youngest sge group { <55 years of age). While a
strong inverse expesure-rate effect was detected forhigh e na gnificant ation wis deterted at expaosures balow 100
WM. Bocess relative nsk MWLM was not modiied by duration of expasure. The results swould indicate the need to re-estimate the
affects of risk modifing B tors inourrent rigk models s duration of expoasre did nat madify the ERRAAUM and there was only a

modest dedine of ERRAALM with inareasing time since expedine

Pubished onine |7 October 2006
& 2008 Cancer Research UK

From 1946 to 1990 there was extensive uranium mining in the
southern parts of the former German Demaocratic Republic {GDR).
It was conducted by the Soviet-German Incorporated Company
Wismul Some 231000 metre tons of urandum ore were produced
{Wismut, 1999) and incorporated inte the former Soviet Union's
nudear programme. About 400000 persons may have worked
with the company, most of them underground or in wranium are
processing facilities (Dtten and Schule, 1998) Approsimately
130000 of the workers are known Up to 1999, 7695 warkers with
radiation-induced lung cancers had been compensated (Scdhrdder
ef al, 2002} In 2000, the annual number of newly compensated
cases was still almost 200 ahhough with a decreasing trend
{Koppisch et al, 2004).

Betsah found of Cancer {2005) 95, 1280~ 287, dot 10.1038/5bjc 6603403 wwwebizancar.oom

Keywoards: epdermology; cohort study; wranum mines; Lng cancer; radon

et al 2004; Kreishelmer, 2006), vet further follow-up was only
conducted for the Czech {Tomasek, 2002; Tomasek and Zarska,
20M4) and the French sohort (Rogel er af, 2002; Laurier et al, 2004}
Alihiugh the evidence of a radon-related lung cancer ridk among
miners i large, it is based uwpon various heterogeneous cohoris
for which the cohort-specific dsk estimates vary by more than
an order of magnitude. The new German cohort i3 as big as all the
11 eohorts put together, butless heterogeneous in various aspecis
same societal and geographical background, same way of follow-
up, and ane system for expodite estimation.

The aim of the present analysis was to evaluate the lung cancer
risk asociated with radon and its progeny due to cumulative
radon exposure, exposure rate, duration of exposure, tme since
exposure, and attained age

2006
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Uranbergbau

11 Kohortenstudien
* 65.000 Manner
 2.700 Lungenkrebstote

Linearer Zusammenhang
zwischen Radonexposition
und Lungenkrebs

Langzeitexposition zeigte
grofRere Effekte als
Kurzzeitexposition

Lungenkrebsfélle durch Radon:
» Minenarbeitern 40%
* Allgemeinbevolkerung 10%

OXFORD JOURMNALS CONTACT US MY BASKET
E_. P o { ] — d f"’ s i e \ » !1_ \‘
g &' \ T 3 - \ A : ol
e .,—'i‘:, el 3 X = P
J ket Cancer Inst. 1995 Jun 787011 0817-27.
Lung cancer in radon-exposed miners and estimation of risk from indoor exposure. 1995

Lubin .JH1, Boice JD Jr, Edling &, Horung BYY, Howe GR, kunz E, Kusiak RA, Maorrison HI, Radford EF, Samet Ji, et al.

Abstract

BACKGROUND: Radioactive radon is an inert gas that can migrate from soils and rocks and accumulate in enclosed areas, such as homes and
underground mines. Studies of miners show that exposure to radon decay products causes lung cancer. Conseguently, it is of public health interest
to estimate accurately the consequences of daily, low-level exposure in homes to this known carcinogen. Epidemiologic studies of residential radon
exposure are burdened by an inability to estimate exposure accurately, low total exposure, and subsequent small excess risks. As a result, the
studies have been inconclusive to date. Estimates of the hazard posed by residential radon have been based on analyses of data an miners, with
recent estimates based on a pooling of four occupational cohort studies of miners, including 360 lung cancer deaths.

PURPOSE: To more fully describe the lung cancer risk in radon-exposed miners, we pooled original data from 11 studies of radon-exposed
underground miners, conducted a comprehensive analysis, and developed models for estimating radon-associated lung cancer risk.

METHODS: “We pooled original data from 11 cohort studies of radon-exposed underground miners, including 85,000 men and rmore than 2700 lung
cancer deaths, and fit various relative risk (RR) regression models.

RESULTS: The RR relationship for cumulative radon progeny exposure was consistently linear in the range of miner exposures, suggesting that
exposures at lower levels, such as in hormes, would carry some risk. The exposure-response trend for never-smokers weas threefold the trend for
smokers, indicating a greater RR far exposure in never-smokers. The RR from exposure diminished with time since the exposure occurred. For equal
total exposure, exposures of long duration (and low rate) were more harmful than exposures of short duration (and high rate).

CONCLUSIONS: In the miners, about 40% of all lung cancer deaths may be due to radon progeny exposure, 70% of lung cancer deaths in never-
smokers, and 39% of lung cancer deaths in smokers. In the United States, 10% of all lung cancer deaths might be due to indoor radon exposure,
11% of lung cancer deaths in smokers, and 30% of lung cancer deaths in never-smokers. This risk model estimates that reducing radon in all homes
exceading the UL 5. Erwironrnental Protection Agency's recommended action level may reduce lung cancer deaths about 2%-4%. These estimates
should be interpreted with caution, because concomitant exposures of miners to agents such as arsenic or diesel exhaust may modify the radon
effect and, when considered together with other differences between homes and mines, might reduce the generalizability of findings in miners.

www.ippnw.de
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Uranbergbau

ROssing, Namibia o ‘ 4
Zaire et al. ,Unexpected Rates of Chromosomal T e e T - o <
Instabilities and Alterations of Hormone Levels in e S :,.;‘: i
Namibian Uranium Miners“. Rad Res 1997 £ v"f‘:‘[:,\j» g K
May;147(5):579-84. Ele. PN s

Saskatchewan, Kanada
Rachel et al. ,Mortality (1950-1999) and Cancer Incidence (1969-1999) in the Cohort
of Eldorado Uranium Workers®. Radiation Research, December 2010, Vol. 174, No. 6a

Jadugoda, Indien
Koide H. ,Radioactive contamination around Jadugoda uranium mine in India“.

Research Reactor Institute, Kyoto University, 08.07.02.
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Uranbergbau

Radium Hill, Australien

Woodward et al. ,Radon daughter exposures at the
Radium Hill uranium mine and lung cancer rates
among former workers, 1952-87”. Cancer Causes
and Control 2:91

Shiprock, USA
Gilliland et al. ,Uranium Mining and Lung Cancer Among Navajo Men in New Mexico
and Arizona“. J Occup Environ Med 42(3):278-283, March 2000.

Elliot Lake, Kanada

Kusiak et al. ,Mortality from lung cancer in Ontario uranium miners®. Br J Ind Med
1993;50:920-928.
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for'the Prevention

Atomarbeiter

154 Standorte
598.000 Arbeiter
> 90% < 50 mSv

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

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

1-2% aller Todesfalle bel
Atomarbeitern durften auf
Strahlungseffekte beruhen.

BM o
Helping doctors make better decisions

Risk of cancer after low doses of ionising radiation: retrospedive

cohort study in 15 countries

I% Carelis, M Vrijheicl M Bleuner, E Gilbery, M Halsuma, C HIL G Howe, | Kallor, C R Muirhead, M
Schubauer-Berigan, T Yoshimura, F Bermann, G Cowper, | Fix, C Hacker, B Heinmiller, M Marshall, | Thierry-C hef,

13 Lty
M Diez 8

k, ¥-O Ahn, E Amaros, P Ashmore, A Auvinen, [-M Bae, | Bermar Solano, A Biau, £ Combalot, P Delbocodt,
acrisan, M Eklof, H Engels, G Engholm, G Gulis R Habib, K Holan, H Hywnen, A Kerekes, | Kurtinaitis,

H Malker, M Martiezzi, A Masmuskas, A Monnet, M Moser, M 5 Pearce, D B Richamndson, F Rodriguez-Artalejo,
A Rogel, H Ty, M Telle-Lamberton, [ Tuai, M Usel K Veress

Absbract

Chlsj thves T previeke elineet extimates of rik of caree ralier
pratmeiee] knw coses off bnbing melinion aned o strergiben the
e entile nb of nelbtion proeection s srckrch for
enviranme nial, eecuputie rl, onel mecken | g e exposs e
Ih-kn Slu Lz kanal et precthe enhort sy ol cmneer
mmeartalitg

e tthyg Cleahearw ol werke m in e mieler relutey 15
eganniries

Partielpani A0T 301 worker ireliichally monbosed br
exierrml melbtean with o ol folews pol 52 millon peeon
YRR

Maln oubeome measn reme n s Estimates of e ms relative ks
e slevert | Sv) of melktion cose Brmoruly fom ocieen
ather thean leukae mi sl From leukaem b eoeluching chmee

b mphecyte keukiemis the main cunses of death com e by
reliation poter fan author e

R I The exerm relathe rink for cmeen other than

ke vk i waan 07 prer Sv.05% confick ree interval 014 o
LT, Analymes of coumes of centh e bl or wonelaie o

srne kirgg irelicate thet, althow gh confoureling by smoking may
b prement it s unlilely toexpliin all of this incnseed sk, The
excem rebithe cik for ke ukaemia exchieling clronie
hmphecyte kukiemia wee 103 per Sv{ <0 0B AT On bhe
temi of these o timates, 1=2% of deaths from cunce e aesong
workem in this co bort may be attribuizble o eeliation

oo s These extimates, From the bugest stacy of nackeas
worke rs eve r corchi el are higher than but statis tieally
carnpitible with, the rnk estimaies wseel Bre amrent relation
protection stnckrck The mal s suggeest ikt there & asmall
rxcem rink of cnee s even at the low deses aned dhose mtes
typically receiver] by muicler worke s in this stucke

by the public in the gerem| ewironment, by patiens threugh
repeniedd dignontc procecies® aned by nadiation workem
te eficts of low cose clonke sxposre (o exiernal
neligion v been clincily estimaied in seveml eoboris ol
vy rhoer B9y Bae gmur ke xhd.u-lq,' bui il -:.11|||:Ir wlee luaw lindiee!
the preciion of thes oimaes Analyses of combine] colers
b irmprosed preckion, " Estimies from these amlyses, bow-
ever, e cosmpatible with s ge of pesibilides, from o
reelme ey cof rm ko leww chomen ie rinks IuH_Irl thean ihese unckerly =
u“.‘-.n—m mclinfion [ L e merelntion

The 1 Scoumtry stucky, mn e romtional coalba b the ot cly el
cxrger ak s mony nellation workens in e muclear inelu iy, wis
emrvhee] ou 1 ie furtlerim prese e prectee n ol cime (esthms o el
rink e protnein] bw dose cxpEmurs sl o strengihen e
wcie rtific bem ks of rdbstion protection! We premen | sk exthna tos

for mortality fom all coees, exclucling leukaems, aned From
besksrrnbs exclucling clvone  hmplocyte kukembs ad
comper lem with o timaies derveed freom clats on suvhon of
the A bosab We bove useed ide deom ouckear iy e refer e
Escilition erggaged in prociuction of nuckesr powen manfis e
of mclsr weaspom, corchment and proossing of mielar fuel,
prxluction of selicissiopes, or Eaclor or weapons reeach,
Unmimm mining is mof incluchel

Methoeds

This maltietional retrospecthe colort stucly used a commen
protocel in 15 countrdes and collected inBmation on nearly
E00 00D workers. Stucly oo horts were obe Breed Fream r|1||1|t:rr|nr|||
or deimcic woonds of mricipating facilities or, wher
amilable. from oontralised national dose rogistries. Thea prieari
e Bgitslity crite i for inclusion of cobo s were ementilly com-
pl.—l.— aml moorscective fn]bn'-u].l for morality
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Atomkraftwerke

Signifikant erndhtes Krebs-
risiko fur Kinder < 5 Jahren in
der Nahe von AKWs

Es konnten keine
Counfounder identifiziert
werden

IJ C International Journal of Cancer

Leukaemia in young children living in the vicinity of German nuclear

power plants

2008

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

Qhere Zuhibacher Strasse 69, 35131 Mainz, Germany

A case contral study was conducted where cases were children
younger than § 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 leuksemia combined show a statistically significant trend for
1/distance with a positive regression cut-f“lli:itnt of L75 [lower
95 %-confidence limit (CL): 0.65]; for scute lymphoid leukaemia
La3 (lower 95%-CL: 0.39), for acute non-lymphocytic leukaemia
199 (lower 95%-"L: —0.41). This indicates a negative trend for
distance, Cases live closer to nuclear power plants than the ran-
domly selected controls, A cateporical a.ml,tsix shows a statistically
si.gnil‘!l.mnt odds ratio of 2,19 (lower 95%-CL: L51) for residential
proximity within 5 km compared to residence outside this area,
This result is largely attributed to cases in previous studies of the
GUCR (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,

o 2007 Wiley-Liss, Inc.

Key words: childhond; leukaemia; nuclear power plants; population-
based; cancer megistry

reports promped a study of almost identical design that was basad
on the data of the Gemuan Childhood Cancer Registry (GCCR)
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 years within a 15-km zone of West Ger-
mman nuclear plants was not confirmed. However, exploratory anal-
yses mdicated that, for example, in children younger than 5 vears
livitg within the inner 5-ktn zone, the increase in leukaemia rale
was statistically signiticmi.” As these results gave rise o contro-
versial discussion and as at the same time a statistically significanm
leukaemia cluster was seen near the North German nuclear power
plant of Kriimmel '™ the study period was extended to cover the
years 1991 through 1995 (Study 2).

Swdy 2 failed to reproduce statistically significant results
regarding the subgroup for which results were significantly
increased in the exploratory analysis of Stdy 1. Mevertheless, a
tendency was seen towards an increased relative risk (RR) for leu-
kaemia to occur in under S-year-olds within the 5-km vicinity. i

Even afier these results had been published, discussions on a
potential re lationship between the oocurrence of childhood leukae-
mia and close proximity 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 GOCR in 2043,

www.ippnw.de
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Atomkraftwerke

Risiko abhangig von der
Entfernung vom AKW:

« 50 km: 8-18 % mehr Falle
« 10 km: 20—-40 % mehr Falle

« 5km: 60-75 % mehr Falle

———
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Atomkraftwerke International Journal of Epidemiology

.. i . . . . 2012
Ahnliche relative Risiken fur CANUPIS study strengthens evidence of
Kinder rund um increased leukaemia rates near nuclear power
Atomkraftwerke in plants
I 1 I Alfred Koerblein
GrOBbrltannlen’ der SChweIZ Urtere Soeldnersgasse 8, D-90403 Muremberg, Germany. E-rnail: alfred koerblein@grmx de
und Deutschland ARTICLE
In their recent article on childhood cancer near nuclear power plants
Data set o0 i SIR Povatue RR (MNPPs) in Switzerland, Spycher er a.1 state thar they found little evidence
Switzerland (CH) for an assodation between the risk of childhood cancer and living near

MPPs. The IRR {incidence rate ratio) of leukasmiain children aged <5 years
was 1.2 in the 5-km zone relative to distances >15 km from residence at
birth. However, the 95% confidence interval for IRR was large (0.60-2.41)
and indudes the RR of 2.2 in the 5-km zZone found in the Cerman
case-control study (KiKK).

»km 79 1640 .44 () Y,
In the abstract they say that the results were similar for residence at
diagnosis and at birth. But the IRR for the ‘residence cohort’is 1.41, s0 the

increase of risk is twice as large as in the *birth cohort’.

> km 34 24.09 141 0.0656 1.45
ykm NS5 99 58 (.98

Recent ecological studies in Great Britain and Germany? also evaluared
residence at diagnosis and found similar leukaemia risks in children <&
years of age living near (0-5 km) nuclear power stations {Table 1). The
standardized indidence ratio (31R) is 1.40 in Switzerland (CH), 1.36 in

www.ippnw.de



Atomunglicke

Durch Tschernobyl:
 16.000 (3.400-72.000)
Schilddrisenkrebsfalle

« 25.000 (11.000-59.000)
Andere Krebsfalle

> 15.000 zusatzliche
Krebstodesfalle

IJ C International Journal of Cancer

Chernobyl accident

! nter national Apency for Research on Cancer, Lyon, France

University of Citawa, Qutawa, Ontario, Canada

Tf:iu'qaean Institite of acalogy, Milano, faly
® prastitu Crnstave-Ronssy, Villejwif, France

Y rederal (ffice of Public Health, Bern, Switzerland
Uianish Cancer Saciery, Copenhagen, Denmark

The Chernoby] accident, which occurred Apreil 26, 1986, resulted in
a large release of radiomsclides, which were deposited dwver a very
wide area, particularly in Europe, Althowgh an inereased risk of thy-
rodd cancer in egwsed children kas been dearly demmstrated in the
met contaminated reglons, the impact of the accident on the risk of
ather cancers as well as elsewhere in Europe is less clear, The objec-
thve of the present study was to evaluate the buman cancer burden in
Furope a8 a whole from radivactive fallout from the accldent. Aver-
ape country- and reghon-specific whole-body and thyrold doses from
Chermobyl were estimated using new dosimetric models and radio-
bogical data, Mumbwers of cancer cases and deaths possibly attributa-
hle to radistion from Chernobyl were estimated, applying state-of-
the-art rish midels derived from studies of other irradiated popula-
tons Simultanesusly, trends in cancer incidence and mortality were
examined over time and by dose level, The risk projections suggest
that by now Chernoby]l may kave caused about LW cases of thyrold
cancer and 4000 cases of other cancers in Furope, representing
ahout 0U01% of all incldent cancers since the accldent. Models pre-
dict that by 2ME abowt 1oWH) {95% UL 3,300-T2NH) cases of thy-
rodd cancer and 25 {95% U1 11 {WW—59(0W)) cases of other can-
cers may be expected due to radiation from the accddent, whereas

*Clinical Trial Service tinit, University of Oxford, United Kingdom

*Radiation Epidemiology Branch, Division of Epidermiology and Cenetics, Nationad Cancer [nstitnee, Bechesda, MD, U5A
sﬁ'&gaﬂu’ma Uiniversity, Graduate School of Medical and Dental Sciences, Kagoshima, Tapan

SBiostatistics Uni, University of Rowen Medical School and Rowen University Hospital, Rowen, France

Estimates of the cancer burden in Europe from radioactive Fallout from the

Elisabeth Cardis', Daniel Krewski®, Mathien Boniol’, ¥Vladimir Drozdovitch, Sarah €, Darby®, Ethel 8. Gilbert®,
Saminori Akiba®, Jaoques Benichon®, Jacques Ferlay', Sara Gandini”, Catherine Hill®, Geoffrey Howe,
Ausrele Kesminiene', Mirjana Moser™, Marie Sanchez', Hans Storm"!, Laurent Voisin® and Peter Boyle'

z.i'l-!r.t.mw.h.ﬁn Centre for Population Health Risk Assessment, Institite of Poapilation Health,

°De;:al'.rme.ru of Epidenialogy, Mailman Schoal of Public Health, Columbia University, New Yark, NY, LI5A

Epideminlogical siwdies bocusing on the most comtaminated
regions of the 3 mwost affected couniries have confirmed a causal
relationship between the observed increased risk of thymid cancer
and exposunz 0 mdioactive iodines from the Chemobyl Pallow
among those who were children or adolescems when the accident
]mppmnd.“ Cither 1};;:: of cancer, inchiding leukemia, have also
been inwsliga‘cd."&' but as yet no association with mdiation ex-
posune has been clearly demonsimied. Recent siudies sugpest a pos
sible douhling of the risk of leukemia among Chernobyl cleanup
workers ™ and 8 small increase in the incidence of premenopausal
breast cancer ” in the most contaminaied disiricts {with avernge
whole-body doses above 40 m%v), both of which appear to he
related to mdiation dose. These findings need confirmation in further
epideminlogical siudies with careful individual dose reconstrsction,

The full extent of the health impact of Chernobyl on the popula-
tion is ditficuli to gauge. Ten years ago, Candis and collaborators™
eslimated that abowt 9000 deaths from cancers and lenkemia
might be expected over the cowrse of a lifetime in the most
exposed populations in Belarus, the HRussian Federation and

www.ippnw.de
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Atomwaffen

WDR

Atomwaffentests

Tschernobyl

1960 1970 1980 1990

RADIOAKTIVE BELASTUNG 11T R B [t (= =0 g 1)
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Atomwaffen

US National Cancer Institute
(2006):

90 Atomtests 1952-1957
5,55 EBq (10*8 Bq) lod-131
Schilddrisendosen:

« Maximal 120-160 mSv ti) Do
« Durchschnittlich 20 mSv ' z‘.zz iy

(Counties) Dose in rads
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Nicht-Krebserkrankungen

Niedrige Strahlendosen kénnen auch

zu benignen Tumoren, kardiovaskularen,
zerebrovaskularen, respiratorischen,
gastrointestinalen, endokrinologischen
Erkrankungen, Intelligenzminderung und
Katarakten fuhren.
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Nicht-Krebserkrankungen

Kreislauferkrankungen 1 — 13 % pro Sv

Ahnlich hohe Mortalitat durch Nicht-
Krebserkrankungen wie durch
Krebserkrankungen (5 % pro Sv)

ENVIRONMENTAL 2012

Ehp ‘ HEALTH

PERSPECTIVES

Systematic Review and Meta-analysis of Circulatory Disease from Exposure
to Low-Level lonizing Radiation and Estimates of Potential Population
Mortality Risks

Mark P. Little,” Tamara V. Azizova,® Dimitry Bazyka,® Simon D. Bowffler,? Elsabeth Cardis.* Sergey Chekin,®

Vadim V, Chinak, Francis A. Cucinotta,” Florent de Vathaire,® Per Hall,® John D, Harrison,! Guido Hildsbranes, %17
Victor lvanov,® Valeriy V. Kashcheev, Sergiy V. Kiymenko,” Michaela Kreuzer,"? Dlivier Laurent,” Kotaro Dzssa, ™
Thierry Schneider,” Soile Tapio,"® Andrew M. Taylor.”” loanna Tzoulaki,'® Wendy L. Vandoolasghe,™

Richard Wakeford, ™ Lydia B. Zablotska, ™ Wei Zhang, and Steven E. Lipshultz®

"Radiation Epidemiolagy Branch, Maticnal Cancer Institw
Raockville, Maryland, USA; 2Southern L rals Biophysics

“Heatth Protection Agency, Cen

- Mational Insti
ituta, Dayarsk, A

5,
cing, Kyiv, Ukraine
rResearchin

tas of Health, Department of Health and Human Se r
2 sseirch Center Far Radiation

ton, United Kingde
Emviranmantal Enld:n'lo ov arcalona, Spaing "Medical Radialogical Research Canter of Russian Acaderm Scigncas,
Dibningk, Russia; THASA ter, Epace Hadation Pragram, Huuslc . Tenas, USA; BRadi Epiden B, INSERM
|Institut Mational de la Santé et de la Recherche Meédicalel Unite U018, InsutLr Gustave Hous& illejuif, Franc 'DeDartn'P"t of Medical

Er i nd B aralinska Institute, Stackholm, 5 Departrment of R: hera nd Radiation Oncology, Lniva rsity
of Leipzig, Le pariment of Radiotherapy and B adiat arl ncalogy, University of Ra wdera
Office for Ra n, Departme nt of Radiation Protection and Healfth, Gberschlaisshei ; miologie,
Institut de Aadiop . . teray -aux-Aoses, Fr MGeparment of Epidemiology, Radiation Elfects Rese arch
Foundation, Hirgshi ] M (Muclear Evaluation i terl, Fontenay-aux-Roses, France; "Helmhohz Zentrum
Munchen, German v ISB} diation Proteamics, Oberschlnissheim,
Germany, TlUniversity College London Insiute of Strest Hospaal for uhllﬂl’c 1, LUIIUOI] United
Kingdom; ®Department of Epidemiclogy and Biostatistics, imperial culty of Madicine, London, United Kingdorr * 7 Muckear
Institute, Ui ersity of Manche ster, Manche ster, United Kingdarn; @Departmen Epidermalogy and Biostatsies, Univer:
San Francisco School of Medicine. San Francisco, California, USA: " Department of Pediatrics, Leonasd M. Miller School of b
Universty of Muami, Miami, Florda, LS8

a review by the Health |
Al I« in the l'mrxl iy

TACKGROUMD: Although high doses of ionizing radiation have kang beon linked o cincalatory HENCY 5
disease, evidence for an asociation at lower exposures remaing controrersial. However, momt amaly-
3 sugpeat excess relative risks at occapational exposare levels.
CIRRCTIVES: ‘W perfmmed 2 systematic review aned mets-analysis (o summariae informetion on
circulatory disease ricks arpociated with moderae- and low . level wholz Pty ionizing radiation
cxpoaures. r
MErHODS We conduced PubMed/ 151 Thomon seanches of peer-mviewsd papers published since
1590 msing the term s “radiation™ AND “heart™ AND “disease,” OR “radiation™ AND “stroke,” O
“radiation” AN “circalasory™ AN “discase.” Radistion expoonres had 1o be whole-body, with a
cummbative moin dose of < U5 Sv, of i low dose eate (< 10 mSwiday). We eoimeiod popalstion
n-hc{cnnh:ryimﬁmhvhlmmru-;nunmhﬂ k ewtimeates from
this mets-analysis and carrene maerakiy rates for nine major devedoped countrie:.
TEsLLs: Esti d ezcens dation risks for all dirukbsory dissses combimed rnped from 2.5%/5
195% confidence inserval {CT): 0.8, 4-2] for France nsm[ﬁﬁ CE 40, 1300 fior Rossia
COMCLIISIONS: e foview sopporis am asoee on betworn ciroukory discase mortaliy sl low
amd moderate doses of joning radiation. Our analysis war limied by lmﬂp amany, sudies
[! ¥ for noncardiac end ], the possibdity of anoontrolled oon im some ooc
mp by Kfeatyle Ermpm-:mﬁnpmp (=05 5v) grnwrally driving the dmﬁl‘n’
l.ltn‘h. confirmed, owr findings suppest that overall radiation-related mortality is abost twice
i d based on for cancer end paints alone (which range from 4.2% o
%/ ot popalitiona).

KEY wouns: cancer, circulatory disease, heart dismse, radiation, stroke. Evriren Hasith Pergpect
120015031511 (2002}, heepeidr doi orgf 100 128%.chp 1 204 382 [Online 22 Jane 2012]
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Na. in cohart
Mean heart/brain [parson-years
Data Refaramncs dosa [range] [Sv) firllcnw-wp] End point (martality}2 ERR/Sv [95% CI)
Japaness atomic-bomb survivors
hartality Shimizu &t al. 0.1 {0 1o 4 86,611 (MA) IHD [ICD-9 £10=414) 0.02 =0.10, 0.15)
200 Rheurnatic heart dissasa (ICD-9 393-338) 0.8 |0.25, 1.72)
Heart failure (ICD-3 428) 0.22 |0.07, 0:39)
Other heart disease (ICD-9 390-392, 415-427, 429) =0.00 =021, 0.24)
CVA total (ICD-3 430-438)7 0.12 {0.05, DL19F
Circulatory diseasa apart from heart disease and stroke 0.58 |0.45, 0.72F

(ICD-9 390392, 401, 403, 405, 435459
Yarmada et al. 010 o4 10,339 MA) Hypertension incidence, 1958=1398 (ICD-3 401) 005 =0.01, 010
2004 Hypertansive heart disease incidance, 1958=1998 (IC0-9 402, 404) =001 (=0.09, 0.0%)7
IHD incidance, 1956-1%98 (ICD-9 410-414) (.05 [=0.05, 0.16)«
Aortic anaurysm incidance, 1058-1908 (ICD-0 441, 442) 002 =022, 0.41)
CVA incidence, 1058-1908 (ICD-9 430, 431, 433, 434, 436 0.07 (=008, 0.24)«

Marbidity

Oecupational studies

Mayak workers Azizova etal.  0.83 [Dto5.92)° 12,210(205,249)  IHD morbidity ICD-9 410-414) 0119|0051, 01861
2010a, 201006 12,210(249,530)  CVA morbidity [ICD-9 430432, 434, 436) 0449 |0.338, 0559
Chernobyl emergancy Ivanow et al. 0.108 {0 1o > 0L5] 61,017 (WA} Hypertension (ICD-10 110=115) morbidity 0.5 (=004, 0.58)
workers 2008 IHD (ICD-10 120=25) morbidity 0.410.05, 0.78)
Other heart diseasa (ICD-10 130=152) morbidity ={.76 |=0.81, 0.78)
CVA{ICD-10 160=~IE9) marbidity 0.45(0.11, 080}
Morbidity from dissasas of anaries, artenoles, and capillaries 047 (=015, 1.09)
(BCD-10 [70~{79)
Morbidity from dissases of veins, lymphatic vessels, and lymph =076 [=0.70, 0.18)
nades (IC0-10 BO=183)
Geman uranium miner  Kreuzeretal. QU041 (0 to0.909F 59,001 (1.801,626) CVA(ICD-10 IG0-IE3) 0.09 (=06, 0.8
Study 2006
EdF workers Laurent gtal. 002150 o 0.8) 22,393(440,584)  HD (ICD-10 12025} 41 =29.137F
200 CVA{ICD-10 I60-IE9) 174|022, 43.9F
Eldorado uranium miners  Laneetal. 00527 (< 00234 t0  16236(508673)  IHD (ICO-10 |20-£25) 0.15 (=014, 0.58)
and protessing [maka) 2000 > 0.1215) CVA{IC0-10 I60=1E9) =079 |« =029, 0.27)
workers
Third analysis of UK Muirhead 00248 (<007 174541 (3,500,000) HD (ICD-9 410-414) 0255 |-0.08, 0E1)
Mational Ragigtry for otal. 2009 > 0.4) CVA{ICD-9 430-4%8) 0161 (-0.42, 0.91)
Radiation Warkers
IARC 15-country nuclear Vrijheid etal. 000207 (0.0 to>05] 275312(4,067,861) IHD (ICO-10 |20-425) =0.01 {=0.59, 0LE3)
waorkar study 2007 Heart failure (ICD-10 150) =003 {= 0, 4.91)
CVA{ICD-10 I60=~IE9) 0.68 (=067, 3.16)
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Nicht-Krebserkrankungen

Ca. 3.000 Kinder nach Strahlentherapie
bel kutanen Hamangiomen

Umfangreiche Dosisermittlung
(mittlere Hirndosis < 100 mGy)

Negative Auswirkungen auf:

» Besuch weiterfuhrender Schulen
 Lernfahigkeitstests

* Logische Schlussfolgerung

2004

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 IIan.li-ﬂh\-'ﬁtJan'li.l!imiIJ'itJH'lﬁ'it:hn[nubﬁ.&'ant:yI_ Pederen, l'hgtma I:-lgitmu.ﬁntln'!ilfklnm_

Martin Ingyar, Marie Lundell Fredrik Granath

Abstract

Objective To determine whe ther exposure & kow doses of
i:Jru'sinE rcliation in irll'i-mr]' affics n::-gnilirr. finction in
'—(J"II]"(III

Deesign 1’0|1|||'.|I'Dn lemeel cobort sllldj'.

Satting Sweclen

Farticipants ¥4 men who o rece ved racdiarion for
cutreous lnemangioma befre age 18 months during
165055

Main outcome messn res Rocdintion dose o fronal and
peserior s of the brain andasocttion between dose and
inte lectual capacity at age 18or 19 years e on cogritive
kests (earning ability, ko gical reascning, s patial oo gnition) and
high scheeal attendance,

Basults The proportion of boys who atended highscheal
chrrensee] with incresing doses of racdinbon o both the fontal
ared the pesterkor parts of the brin from about 226 among
these notexposed toamuned 17 in these whe moeiverd > 25
misy For the frontal dose, the multvarite odds ratio was 0,47
L5 conficdence intemal 095 w0H35 P fr rend 0000 and
Brthe posterior cose itwes U5 025 o 147, 00005) A
nepative chose-esporese relation was ako evident £ the three
cognithe s for kmrning ability and logical reasoning but oot
Exrthe test of spatial recognition

Conclusions Lowdoses of onking mdition e the brain in
infarcy influence cognithe abilites in sl hood

We ambsed cognitive function in a brge population sed
cohort of men at the time of militry enlistment whe had
meeziver] low dose lonking mdiion for cutineous baemang-
ImEA |1_.r(3m '-1EE |H m()r“.l"!. ILIHJ on |]ll'.'|'i0ll! alr r;Erl'l'._ we
hypothesierd that dhmage to the fontl gt of the brain woulkd
Tave a mene severe efect on menal capacity than damage © the
pos tericr part'!

Participants and methods

Our cohort n::-rn|:|r'nir.d all |x:l:|'si treied I:l]' ﬁ-1[].‘l‘.)|]1:ﬁ1|:l:|' for cular
recus eman gioma aged under 18 months at the Kamlingka
University Hespital in - Steckholm, This cohort s been
described in de bl previous 7

Amund 05 of Swedish men aged 18 or 10 yes ane tested
before militiry service. During the pedod of ou rs udy, about 305
of the men ested were esempter] fom militry service for mecdi-
cal or mychokgical resons® We were ghen pemmision o
search the Swedish war archives.

From the militry register we o biined information onage at
enlistment ecdumtion, mmber of si|:l|inp. hirth crcler, Father's
-:rr|||:|i-1li:m. and n::-BniIh'r. test results, Father's -:rr|||x.1lin::-n. i
[prees for sociceronomic skatus, wis r.1|r.BUr'urxJ inks fBur
EKJ"IB: ||r|kr(m'n '—‘r(] Farmers. IJI"l—. ﬂ)l.L"r “'(Jrk.cm. km l‘\l"
u'11ilcrt:|L1ruurkr.r§_'.|n(”|id1 kevel whike rt:”;lruurlr.rs.f:'ﬂlcst)-
rivation wis lemer on the sociceconomic index which tkes ecu-
cation into consideration. @
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Nicht-Krebserkrankungen

Relatives Risiko fur kindliche
Fehlbildungen bei strahlenexponierten
Mattern = 3.2 (1.2-8.7)

Substantielle Confounder konnten nicht
gefunden weren.

Radiation and
Environmental
Biophysics

Maternal occupational exposure to ionizing radiation

and birth defects

Awi Wiesel - Clandia Spix - Andreas Mergenthaler -
Annette Queilier-Luft

© Springer-Verlag 2011

Abstract  So far, only a few studies investigated occu-
pational exposure 1o ionizing radiation in pregnancy to
cause birth defects (BDs). No association between BDs
and jonizing radiation, although deseribed for high-dose
exposure, could ever be confirmed for employees, or spe-
cific job titles, Here, an explorative analysis of a prospec-
tive population-based birth cohort wsed to quantify the
prevalence of BDs ifants between 112007 and 2/2008 is
presented. An active examination of all livebirths by
specially trained pacdiatricians in two defined areas
performed.  Additionally, a study-spe questionnaine
distributed among all becoming mothers in the surveyed
regions  included questions on maternal - occupational
exposure to ionizing radiation within the first trimester of
pregnaney, In 3,816 births (including 165 infants with BDs;
4.3%). maternal answers concerning possible exposures to
medical and occupational ionizing radi
able. Relative risk (RR) estimates in mothers surveyed for
occupational exposure 1o jomzing radi
radiation dosimeter) and BDs in the offspring were
lated exploratively. A higher prevalence of infants with
BDs (n = 4: 13.8%) was documented in newborns of the

WS

ation were

ation {w

¢ 2000/ Accepted: 18 December 2000/ Published online: § January 2001

increased to 4.0 (1.5-10.7). Adjustment for possible con-
founders did not change the results substantially.

Introduction

ation is kKnown 1o ¢

lonizing rg » severe damage in the
unborn infant, depending on dose and time of exposure (De
Santis et al. 2007). Swudies on maternal occupational
exposure to iomzing radiation and birth defects (BDs) in
their offspring have been reported rarely and did not yield
any relevant associations (Doyle et al, 2000; Green et al,
1997: Roman et al. 1996 Sever et al. 1988), including also
in the health setor (Matte ¢t al. 1993; Shirangi
et al. 2009; Shuhaiber et al. 2002; Zhang et al. 1992).
Guidelines, rules and laws concerning safety provisions
rely on the known mutagenic, teratogenic and carcinogenic
effects of ioni radiation (Shepard 1995: Swirez et al.
2007). In Germ people working in health care who
may potentially be exposed to ionizing radiation must wear
a radiation dosimeter, Expectant mothers have to inform
their employer about their ongoing pregnancy “as soon as

www.ippnw.de
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Berechnung von Risiken

Auf der Grundlage epidemiologischer Studien kdnnen mit
der Anwendung des Kollektivdosiskonzepts Gesund-

heitsrisiken im niedrigen Dosisbereich belastbar quantitativ
abgeschatzt werden

www.ippnw.de



Berechnung von
Risiken

Die von der ICRP immer noch
praktizierte Ableitung der Risikofaktoren
aus den Hiroshima- und Nagasaki-
Studien ist i

www.ippnw.de
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Berechnung von Risiken

 Die Dosisanteile durch radioaktiven Fallout
und Neutronenaktivierung wurden bei der
Dosisabschatzung nicht bertcksichtigt, obwohl
sie signifikante Effekte verursacht haben.

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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Berechnung von Risiken

Dadurch kommt es zu einer
Unterschatzung der Strahlenwirkung

Em'imnr!!fnm] Health
Preventive Medicine

Hiroshima survivors exposed to very low doses of A-bomb

2009

primary radiation showed a high risk for cancers

Tomoyuki Watanabe - Maara Mivao -
Ryumon Honda - Yoichi Yanmda

Received: 24 Decesnber 2007/ Accepeed: 13 May 2008/ Published malime: 5 July 3008

@ The Jopasese Sockery for Hygiese 2008

Abstract

Objectives The aim of this study was 1o compare the nisk
for cancers of A-bamb survivars in the amgaing life span
sindy (LES) with unexposed groups consising of the emine
populations of Hioshima prefectore and meighbonng
Okayama prefeciume.

Medhods The subjeds comisted of the Hireshima groap
reperied in 185 report 12 (L5S-H growp) and a contral
group {the entire populations of Hiroshima and Okayama
HRCG and ORDE, mespectively) We estimated the
expecied number of deaths due 1o all canses and 1o cancers
af variow causes among the exposed survivors of the
Hirazhima bambing m the LS repont 12 wha died in the
fallow-up imerval al ages simibr to thos of people n
Hiroshima and (Moyama prefectires who were aged
(}=34 years a1 the time of the bombing in 1945, We com
pared the sandandied morality ratio (SMR) af the L35-H
group fo ihat of the HR and OPOE (SME-H and SME
0, respectively L

subjeck, and for nens and liver cancers in female sub
joti, respectively. The remlts show that, if the dise
edimations of the dosmety sysdem 1986 (D586) are
comect, thene are signilicamly increased nisks of cancer
among even survivors exposed 1o the very low dose level.
Ceoncludans
arificized for underestimating deses in areas distam from
the hypocemer. The comirdbution of resicwal radiation,
ignared in LSS, and that of neutrons, underestimated by
D584, is suggesied to be fairly high.

The dise assumpiions of D586 have been

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

www.ippnw.de
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Berechnung von Risiken

» Kurzdauernde, hochenergetische, durchdringende
Gammastrahlen sind weniger Gewebewirksam als
interne Alpha- und Betastrahlung nach
Radionuklidinkorporation oder andauernde
Strahlung.

Eine Halbierung der Risikofaktoren ist daher nicht
zulassig

www.ippnw.de
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Berec

nnung von Risiken

Consideration of uncertainty led to the development of probability distributions of DOREF
for use in risk assessment (29). Still there is a lack of a full understanding of the processes
leading to cancer after low-dose radiation exposure. The solid cancer risk in 12
epidemioclogical studies of radiation-exposed workers and of the population residing at the
contaminated Techa River in the Southern Urals, Russia, was compared to cancer risks
among the lapanese atomic bomb survivors (74). Cwverall, risk estimates were similar o
those among the atomic bomb survivors, suggesting that & DDREF of 1 would be
reasonable. A meta-analysis has considered recent epidemiclogical evidence on leukaemia
mortality and incidence risks from protracted low-dose and low-dose-rate exposures to v-
rays. It included an extensive literature review of studies on groups of people who were
either occupationally or environmentally exposed (92). The main risk measure wvalue
reported in this meta-analysis (ERR) indicated that the baseline leukaemia risk {i.a. risk for
agroup of unexposed persons) increases by 19% after exposure to a dose of 100 mGy. This
increase was reported to agree closely with the risk from acute exposure of the lapanese
atomic bomb survivors and is therefore an indication that leukaemia risks are similar for
protracted and acute exposures.

Wiorld Heaqlth Cmarization [WHO) Heaqlth rkk assessment from the
nuclear gocident gfter the 2011 Great Fast Japan Earthquake and Tzunam
bazed on a prelimingn dose estimation, 2013, 32

www.ippnw.de



Berechnung von Risiken

« Daten wurden erst ab 1950
gesammelt

» Hibakusha waren eine
gedachtete Gruppe, daher
vermutlich fehlerhafte Angaben

www.ippnw.de




Berechnung von Risiken AR
International Journal of Epldemlology

» Selektierte Gruppe der A-bomb survivors: factors that may lead to a
besonders Widerstandsfahigen, re-assessment of the radiation hazard

daher Unterschatzung des Alice M Stewart and George W Kneale

Strahlenrisikos um ca 30%. e e s s e e

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 before that date. 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 survivor data by
maximum likelihood and the resultant statistics used 1o test the homogeneity
assumption

Results 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 after 55
years of age having exceptionally high risks of late elfects of radiation lor
survivors showing early effects, i.e. bomb-related injuries.

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

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

2000
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Berechnung von Risiken

Linear non-threshold model (LNT) HEALTH RISKS
FROM EXPOSURE TO

Models for the Health Risks from Exposure LOW LEVELS OF

to Low Levels of lonizing Radiation IONIZING
RADIATION

BEIR VII PHASE 2

.........
v
.

Risk (excess cancers)

Approximate lowest acute
' dose known 10 cause cancer

U4 100 mSv
Cnmem®” Dose (above background)

— wem s Threshold
——————— Hormesis
@ Epidemiological data

NATIONAL RESEARCH COUNCIL
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Berechnung von Risiken

Alle Krebsarten ohne Schilddriisen- und Hautkrebs:

* 615/10.000 PSv x 1,5 DDREF-Korrektur = 923/10.000 PSv = 9% pro PSv

« 1.190/10.000 PSv x 1,5 DDREF-Korrektur = 1.785 cases/10.000 PSv = 18% pro PSv
« 2.305/10.000 PSv x 1,5 DDREF-Korrektur = 3.458 cases/10.000 PSv = 35% pro PSv

BEIR VIl report, table 12-5A, p. 279

www.ippnw.de
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Berechnung von Risiken

Alle Krebsarten ohne Schilddriisen- und Hautkrebs:

» 305/10.000 PSv x 1,5 DDREF-Korrektur = 458/10.000 PSv = 5% pro PSv

« 610/10.000 PSv x 1,5 DDREF-Korrektur = 915/10.000 PSv = 9% pro PSv

« 1.240/10.000 PSv x 1,5 DDREF-Korrektur = 1.860 cases/10.000 PSv =19 % pro PSv

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

www.ippnw.de
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Berechnung von Risiken

Neuere Studien legen héhere Risikofaktoren nahe:
0,4/PSv fur Krebsinzidenz
0,2/PSv fur Krebsmortalitat

» Korblein A, Hoffmann W: Background radiation and cancer mortality in Bavaria: an
ecological analysis. Arch Environ Occup Health 2006, 61(3),109-114

 Cardis E, Vrijheid M, Blettner M, Gilbert E et al.: The 15-Country Collaborative Study
of Cancer Risk among Radiation Workers in the Nuclear Industry: estimates of
radiation-related cancer risks. Radiat Res 2007, 167, 396-416

« Bauer S, Gusev Bl, Pivina LM, Apsalikov KN et al.: Radiation exposure due to local
fallout from Soviet atmospheric nuclear weapons testing in Kazakhstan: solid cancer
mortality in the Semipalatinsk historical cohort, 1960-1999. Radiat Res. 2005, 164
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Berechnung von Risiken

Diese Risikofaktoren beziehen sich auf die
Gesamtbevdlkerung.

» 1 he relative risks for certain cancers in
certain population groups (notably following
exposure as fetus, or during infancy and
childhood) are higher than for the population
Average." (UNSCEAR, 2014)

Der Strahlenschutz muss deshalb die
Erwachsenenmodelle erganzen und sich dabei
an der besonderen Vulnerabilitat von
Ungeborenen und Kindern orientieren.

www.ippnw.de
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