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""" Abb. 1: Werbung fiir das Radiumbad Oberschlema um 1938 - allerdings nicht das welt-
| : ?ltiiﬁkste, denn die Wettinquelle in Bad Brambach liegt mit 160.000 Bq/I noch deutlich
oher

Quelle: Bericht iiber die 4. Biophysikalische Arbeitstagung vom 22.-24. September 2006 in Bad Schlema in: Strahlenschutz
Praxis Heft 1/2007 S. 76-79
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Dr. med. Michael Nehls beweist, dass Alzheimer durch eine
Lebensweise verursacht wird, die unsere natiirlichen Bediirfnisse ignoriert.
Daran etwas zu dndern, hat jeder selbst in der Hand.
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Deutsches Arzteblatt, Jg. 113, Heft 4, 29.01.2016, Seite [80] Schlusspunkt
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Mittlere effektive Jahresdosis
durch ionisierende Strahlung:
Radon (2013)

Karte: Umweltradioaktivitat und Strahlenbelastung im Jahr 2011 (Unterrichtung durch die Bundesregierung), Bundestagsdrucksache 17/14395 (2013); rm17297
Grafik rechts: Umweltradioaktivitdt und Strahlenbelastung im Jahr 2013, Bundestagsdrucksache 18/5565 v. 13.07.2015



Krebsfalle durch Radon: Bronchialkarzinome

Attributable fraction for lung cancer due to indoor radon in Switzerland and
Germany, compared to outdoor air concentrations of 10 Bq/m3 (Switzerland) and
9 Bg/m* (Germany). Based on European indoor model after measurement error
correction and likewise corrected radon distribution, calculated separately for
gender and smoking.

PAF
Gender Smoking status in % 95% CI # cases per year 95% CI
Switzerland
Men Non-smoker 8.8 33 232 5 2 14
Men Smoker 8.2 3.1 2135 164 62 427
Women Non-smoker 8.8 33 232 8 3 21
Women Smoker 8.6 3.2 22.6 54 20 143
Sum 8.3 231
Germany

Men Non-smoker 5.2 1.8 13.2 32 11 81
Men Smoker 5.0 1.7 12.5 1390 478 3484
Women Non-smoker 3.2 1.8 13.2 127 44 320
Women Smoker 5.2 1.8 13.0 347 119 874
Sum 5.0 1896

aus: Menzler S, Piller G, Gruson M, Schaffrath Rosario A, Wichmann HE, Kreienbrock L. Population Attributable for Lung Cancer
Due to Residential Radon in Switzerland and Germanv. Health Phvs 2008. 95 2- 179-189 (modif.)
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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’

Abstract
The aetiology of childhood leukaemia remains generally unknown, although

Using the newer dosimetry we calculate that the best
estimate of the proportion of cases of childhood leukaemia in Great Britain
predicted to be attributable to this source of exposure is 15-20%.

L o eI e I T e e Aaav Al el e

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
estimate of the proportion of cases of childhood leukaemia in Great Britain
predicted to be attributable to this source of exposure is 15-20%, although the
uncertainty associated with certain stages in the calculation (e.g. the nature of
the transfer of risk between populations and the pertinent dose received from
naturally occurring alpha-particle-emitting radionuclides) is significant. The
slightly lower attributable proportions compared with those previously derived
by Wakeford er al (Leukaemia 2009 23 770-6) are largely due to the lower doses
(and in particular lower high LET doses) for the first year of life.

J. Radiol. Prot. 29 (2009) 467482
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Figure 2. Hazard ratios for cancer by dose rate of external ionizing radiation among children
aged <16 vears in the Swiss National Cohort. Results from Cox proportional hazards models
adjusting for sex and birth year using a categonzed exposure (points and bars (93% Cls) placed
along the x-axis at mean dose rafes within categories; categories delineated by vertical lines) and
a linear exposure term (red line). Dose rates <100 nSv'h are the reference category. CINS central

nervous system.
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Vorhaben StSch 4334: Leukaemia in young children living in the vicinity of German nuclear

Epidemiologische Studie zu Kinderkrebs in der power plants

3 Peter Kaatsch*, Claudia Spix, Renate Schulze-Rath, Sven Schmiedel and Maria Blettner

Umgebung von Kernkraftwerken (KiKK-Studie) y

1o Institute for Medical Biostatistics, Epidemiology and Informatics, German Childhood Cancer Registry,
Obere Zahibacher Strasse 69, 55131 Mainz Germany

Int. J. Cancer 1220(2008), 721-726

Zusammenfassung/Summary

EUROQPEAN JCURNAL OF CANMCER XXX (2007) XXX-XXX
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Peter Kaatsch

Claudia Spix

Sven Schmiedel
Renate Schulze-Rath
Andreas Mergenthaler

Maria Blettner Case-control study on childhood cancer in the vicinity
of nuclear power plants in Germany 1980-2003
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E‘LS:E:’IR European J. Cancer 44(2008) 275- 284

Im Auftrag des Bundesministeriums fiir Umwelt, Naturschut

Reaktorsicherheit und des Bundesamtes fii L Qi . :
es fiir Strahlenschutz Claudia Spix®", Sven Schimiedel®, Peter Kaatsch®, Renate Schulze-Rath®, Maria Blettnert

3Gerrran Childhood Cancer Registry, Institute for Medical Binstatistics, Epidemiology and Informalies, Universily Mainz,

55101 Mainz, Germany ]

@ ®institute for Medical Biostatistics, Epidemiology and Informatics, University Mainz, 551071 Mainz, Germany

\ ““ARTICLE [NFO ABSTRACT

Bundesamt fiir Stral

(‘] an. 2008) Article history: The 1984 Windscale study raised concern about a possible association between living in the
Received 31 July 2007 vicinity of nuclear power plants and childhood cancer No such effect for all cancers was
Received in revised seen in ecological studies in Germany {1980-1995) Results from expleratory analyses led
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Abbildung 3.2 Verteilung der Fille und Kontrollen nach Abstand vom jeweils

Abbildung 3.3:  Raumliche Lage der Falle und Kontrollen zum je nachstgelegenen Kernkraftwerk
genen Kernkraftwerk, dargestellt sind Abstande t Diagnose 1980-2003, alle Erkrankungen
Diagnose 1980-2003, alle Erkrankungen Auswertedatensatz, 1592 Falle und 4735 Kontrollen
Auswertedatensatz, 1592 Falle und 4735 Kontrol
50 . e 50.0 1 Kontrollen
17.5 1
40 15.0 1 —
12.5:]
30 10.0 | B
7.57
5.0
20
2.5
0
L 2001 Kontrollkinder

§ Tabelle 3. 1BGeschatzte Odds Ratios (OR) far ausgewahlte Abstande

Abstand Nord-Std-Richtung in km

J (abgeleitet aus der Regressions-Kurve aus Modell (6), Tabelle 3.15)
10 Untere eins. 95%-Konfi-
OR denzgrenze
Vergleichskategorie: Aullerhalb der
-20 Studienregion (AbstandsmaR = 0 1 -
per Definition)
-30 - Bkm 1,27 1,10
L 10km 1,13 1,05
40 . 20km 1,06 1,02
: 30km 1,04 1,02
40km 1,03 1,01
90— 50km 1,02 1,01
50 -40 30 -z2u -1V U iRy g AbschluRbericht, S. 47

Abstand West-Ost-Richtung in km



Epidemiologische Studie zu Kinderkrebs in der Umgebung von
Kernkraftwerken (KiKK-Studie), 2003 — 2007
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Geschatze Dosis-Wirkungsbeziehung fir Leukamien (obere Kurve) auf der Basis des
Regressionsmodells (593 Félle, 1766 gematchte Kontrollen, Abstandsbereich
abgeschnitten bei 50 km). Untere Kurve: modellbasiertes unteres einseitiges 95%
Konfidenzband.

Gestrichelte Linien: Kategorielle Ergebnisse fur die 5- und 10-km Region
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Schlul3folgerungen aus der KiKK-Studie

Statistisch signifikante Assoziation zwischen dem Wohnabstand zum
nachstgelegenen AKW zur Zeit der Diagnosestellung und dem Risiko
einer Krebserkrankkung vor dem 5. Lj. (insbesondere Leukamie).

Altersgruppe und Erkrankungsspektrum plausibel unter der
Strahlenhypothese

Ausgepragte Dosis-Wirkungsbeziehung

Assoziation stabil im Zeitverlauf, nicht auf eine einzelne Anlage
zurlckzufihren, keine Hinweise auf Verzerrungen durch fehlende
Adressen etc.

Kein Hinweis auf relevantes Confounding durch bekannte
Risikofaktoren fur Kinderkrebs



Schluf3folgerung der KiKK-Studie (national)

Schlussfolgerung

(-..) kann aufgrund
des aktuellen strahlenbiologischen und -epidemiologischen Wissens die von deut-
schen Kernkraftwerken im Normalbetrieb emittierte ionisierende Strahlung grundséatz-

lich nicht als Ursache interpretiert werden. (...)

Kaatsch et al., Abschlu3bericht, Jan. 2008, p XI



Int. J. Epidemiol. Advance Access published January 27, 2012

International Journal of Epidemiology 2012;1-1

CANUPIS study strengthens evidence of increased leukaemia rates near nuclear
power plants

From ALFRED KOERBLEIN

Table 1 SIR and RR near Swiss, British and German nuclear power stations

Data set (o) E SIR P-value* RR P-value**
Switzerland (CH)
0-5km 11 7.87 1.40 0.3431 1.46 0.3334
5-15km 54 56.40 0.96
Great Britain (GB)
<5km 20 14.74 1.36 0.2216 1.41 0.1715
>5km 1579 1640.44 0.96
Germany (D)
<5km 34 24.09 1.41 0.0656 1.45 0.0549
>5km 585 599.58 0.98
CH+GB+D
<5km 65 46.70 1.59 0.0130 1.44 0.0069
>5 km 2218 2296.42 0.97

*P-value (Poisson distribution).
**P-value (Binomial distribution).



lonising radiation and risk of death from leukaemia and
lymphoma in radiation-monitored workers (INWORKS):
an international cohort study

Klervi Leuraud, David B Richardson, Elisabeth Cardis, Robert D Daniels, Michael Gillies, Jacqueline A 0'Hagan, Ghassan B Hamra, Richard Haylock,
Dominique Laurier, Monika Moissonnier, Mary K Schubauer-Berigan, Isabelle Thierry-Chef, Ausrele Kesminiene

Methods We assembled a cohort of 308297 radiation-monitored workers employed for at least 1 year by
the Atomic Energy Commission, AREVA Nuclear Cycle, or the National Electricity Company in France,
the Departments of Energy and Defence in the USA, and nuclear industry employers included in the
National Registry for Radiation Workers in the UK. The cohort was followed up for a total of 822 million person-
years. We ascertained deaths caused by leukaemia, lymphoma, and multiple myeloma. We used Poisson regression
to quantify associations between estimated red bone marrow absorbed dose and leukaemia and lymphoma

mortality.

Findings Doses were accrued at very low rates (mean 1-1 mGy per year, SD 2-6). The excess relative risk of leukaemia
mortality (excluding chronic lymphocytic leukaemia) was 2-96 per Gy (90% CI 1-17-5-21; lagged 2 years), most
notably because of an association between radiation dose and mortality from chronic myeloid leukaemia (excess

relative risk per Gy 10-45, 90% CI 4-48-19-65).

Interpretation This study provides strong evidence of positive associations between protracted low-dose radiation
exposure and leukaemia.

www.thelancet.com/haematology Published online June 22, 2015 http://dx.doi.org/10.1016/52352-3026(15)00094-0



Deaths ERR per Gy 90% Cl

Leukaemia excluding CLL* 531 296 1.17to 521
Chronic myeloid leukaemia* 100 10-45 4-48 10 19-65
Acute myeloid leukaemia* 254 1.29 -0-82t04-28
Acute lymphoblastic leukaemia* 30 5-80 NEto31.57

CLL* 138 -1.06 NEto1-81

Multiple myelomat 293 0-84 -0-96t03-33

Non-Hodgkin lymphomat 710 0-47 -0.76t02-03

Hodgkin's lymphomat 104 2-94 NEto11.49

ERR estimated with a linear model stratified by country, calendar period, sex, and age. NE lower Cl bound could not be
estimated because it was on the boundary of the parameter space (-1/maximum dose). 14 deaths were assigned ICD9
code 204.9 (lymphoid leukaemia, unspecified) and one death was assigned ICD9 code 202.9 (other and unspecified
malignant neoplasms of lymphoid, haemopoietic, and related tissue) were excluded from the cause-specific analyses.
*2-year lagged cumulative dose. T10-year lagged cumulative dose. ERR=excess relative risk. CLL=chronic lymphocytic
leukaemia. NE=not estimable.

Table 2: ERR per Gy of cumulative red bone marrow dose for causes of death

www.thelancet.com/haematology Published online June 22, 2015 http://dx.doi.org/10.1016/52352-3026(15)00094-0
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Figure: Relative risk of leukaemia excluding chronic lymphocytic leukaemia associated with 2-year lagged
cumulative red bone marrow dose
The lines are the fitted linear dose-response model and the shading represents the 90% Cls.

www.thelancet.com/haematology Published online June 22, 2015 http://dx.doi.org/10.1016/52352-3026(15)00094-0



Implications of all the available evidence

The present study provides strong evidence of a positive
association between radiation exposure and leukaemia even for
low-dose exposure. This finding shows the importance of
adherence to the basic principles of radiation protection—to
optimise protection to reduce exposures as much as reasonably
achievable and—in the case of patient exposure—to justity that
the exposure does more good than harm.

www.thelancet.com/haematology Published online June 22, 2015 http://dx.doi.org/10.1016/52352-3026(15)00094-0
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Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:
a retrospective cohort study

Mouk 5 Pearce, fone & Salobti Mark P Little, Kean McHugh, Choonsik Lee, Kwang Pyoim, Nicola L Howe, Cecfe M Ronckers, Preetha Rajammaon,
Sir Alan W Craft, Lowize Parker, Amy Bemington de Gonzdlez

Summoary

Rackground Although CT scans are very wseful clinically, potenitial cancer risks exist from associated jonising
raliation, in particular for children who are more radiosensitive than adults, We aimed to assess the excess risk of
leukarm ia and brain tumours after CT scans ina cohort of children and voung adults.

Methods In our retrospective cohort study, we included patients withowt previous cancer diagnoses who were first
examined with CT in Natioral Health Service (NHS) centres in England, Wales, or Scotland (Great Britain) Betwesn
1965 anwd 2002, when they were yourger than 22 vears of ape. We oblained data for cancer incidence, mortality, and
lovss to follow-wp from the NHS Central Registry from Jan 1, 1985, 1o Dec 31, 2008, We estimated absorbed brain and
red bone marmmow doses per CT scan in mGy and assessed excess incidence of leukaemia and brain fumours cancer
with Poisson relative risk models. To aveid inclusion of CT scans related to cancer diagnosis, follow.-up for loukaem ia
began 2 years after the first CT and for lwain tum ours 5 years after the first CT.

Findings Durnng follew-up, 74 of 178 604 patients were diagnosed with leukaemia and 135 of 1765687 patients were
diapnosed with brain tum ours, We mobed a postive association between radiation dose from CT scans and beukaemia
jexcess relative risk [ERR] per m Gy 0-036, 953 C10-005-0-120; p= -2097) and brain wmours (0-023, 0-010-0-049;
) -000 7). Com pared with patients who received a dose of less than £ 5 Gy, the relative risk of lenkaem ia for patients
who received a cumulative dose of at least 30 m Gy [mean dose 51-13 mGy) was 3218 [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 (mecan dose 60 - 42 mGy) was
282 {1-33-6-03).

Interpretation Useol CT scans in children o deliver ¢ um ulative doses of about 50 m Gy might almost tiple the risk of
leukaremia and doses of aboul 60 m Gy might thple the risk of brain cancer, Because these cancers are relalivdy rae,
the cumulative absolute risks are smalk o the 10vears after the first scan Tor patients yvounger than 10 vears, one excess
case of leukacmia and one excess case of brain tumour per 100000 head CT scans is estimated to occur. Nevertheless,
although clinical benefits should sutweigh the small absolute risks, radiation doses from CT scans ought to be kept as
lovw a5 possible and alternative procodu res, which do not imvolve ionising radiation, should be considered if appropriate.
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Radiation exposure from (T scans in childhood and
subsequent risk of leukaemia and brain tumours:
a retrospective cohort study

Mark S Pearce, Jane A Salotti, Mark P Little, Kieran McHugh, Choonsik Lee, Kwang Pyo Kim, Nicola L Howe, Cecile M Ronckers, Preetha Rajaraman,
Sir Alan W Craft, Louise Parker, Amy Berrington de Gonzdlez

20
184
o
B 154 —
LN O
14 I —
7 13 (o)) o
12 @ 8
6] 11 o —
- —
: £ 10 v S
= g m C .
< z 7 » M = o
2 & B- g £ o=
2 44 ™~ ®)
: S 323
6_
3 r ’ i N DR
et = A e - ~ T
4 | LN
2 ] [ I ! = o a
3 c 2
P 1 s o 5 B
| L T W 1 - o = c
L 1 IT-
0 | | | | T T | 0 T | T T T | | |
0 10 20 30 40 ] (] 70 0 50 100 150 200 50 300 350 ADO
Red bone marrow dose (mGy) Brain dose (mGy)

Figure: Relative risk of leukaemia and brain tumours in relation to estimated
radiation doses to the red bone marrow and brain from CT scans
(A) Leukaemia and (B) brain tumours. Dotted line is the fitted linear
dose-response model (excess relative risk per mGy). Bars show 95% Cls.
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Cancer risk in 680 000 people exposed to computed
tomography scans in childhood or adolescence: data
linkage study of 11 million Australians

©288] OPEN ACCESS

John D Mathews epidemiologist', Anna V Forsythe research officer', Zoe Brady medical physicist'?,
Martin W Butler data analyst’, Stacy K Goergen radiologist', Graham B Byrnes statistician®, Graham
G Giles epidemiologist®, Anthony B Wallace medical physicist’, Philip R Anderson epidemiologist™’,
Tenniel A Guiver data analyst®, Paul McGale statistician'®, Timothy M Cain radiologist'', James G
Dowty research fellow', Adrian C Bickerstaffe computer scientist', Sarah C Darby statistician'’

B MJ Helping doctors make better decisions

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

John D Mathews spicemilgist . Anna V Forsythe resesrch ofioer . Zoe Brady medics! physiist
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tomography scans in childhood or adolescence: data
linkage study of 11 million Australians

John D Mathews spicemilgist . Anna V Forsythe resesrch ofioer . Zoe Brady medics! physiist
Wartin W Butler et anslyst, Stacy K Goergen radiobgist, Graham B Byrnes statistician’, Graham
G Giles epitomioiogist, Anthory B Wallace mexfical phystist, Philp R Anderson epidermiologist
Tenniel A Guiver defe analysi”, Paul McGale staistician . Timothy M Cain raciofogist ', Jemes G
Dawly research feliow ', Adiian G Bickerstuffe compufer scientist', Sarch C Darby stafisfician”®

Fig 2 Incidence rate ratios (IRR) for all types of cancers in exposed versus unexposed individuals based on a one year lag
period, by the number of CT scans. The IRR increased by 0.16 (95% confidence interval 0.13 to 0.19) for each additional
CT scan, calculated after stratification for age, sex, and year of birth (x°=131.4 and P<0.001 for trend). If unexposed people

were excluded, the trend remained significant (x°=5.79 and P=0.02 for trend). The average number of scans among
individuals exposed to three or more scans was 3.5. (Web figure A shows corresponding results based on lag periods of

five and 10 years)
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Abstract

Otpective To assess fia e fsiin
exposara alow do

CT scanning rates have risen substantially since the 1980s. Although large doses of ionising radiation are known to cause cancer, there
is uncertainty about the risks following the lower doses from CT scans (5-50 mGy per organ)

A recent study of 180 000 young people exposed to CT scans in the United Kingdom found an increasing risk of leukaemia and brain

cancer with increasing radiation dose

What this study adds

Among 680 000 Australians exposed to a CT scan when aged 0-19 years, cancer incidence was increased by 24% (95% confidence
interval 20% to 29%) compared with the incidence in over 10 million unexposed people. The proportional increase in risk was evident
at short intervals after exposure and was greater for persons exposed at younger ages

By 31 December 2007, with an average follow-up of 9.5 years after exposure, the absolute excess cancer incidence rate was 9.38 per

100 000 person years at risk

Incidence rates were increased for most individual types of solid cancer, and for leukaemias, myelodysplasias, and some other lymphoid

cancers
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Projected Cancer Risks From Computed
Tomographic Scans Performed

in the United States in 2007

Amy Berrington de Gonzalez, DPhil; Mahadevappa Mahesh, MS, PhD; Kwang-Pyo Kim, PhD;
Mythreyi Bhargavan, PhD; Rebecca Lewis, MPH; Fred Mettler, MD; Charles Land, PhD

Background: The use of computed tomographic (CT)
scans in the United States (US) has increased more than
3-fold since 1993 to approximately 70 million scans an-
nually. Despite the great medical benefits, there is con-
cern about the potential radiation-related cancer risk. We
conducted detailed estimates of the future cancer risks
from current CT scan use in the US according to age, sex,
and scan type.

Methods: Risk models based on the National Research
Council's “Biological Effects of lonizing Radiation” re-
port and organ-specific radiation doses derived from a
national survey were used to estimate age-specific can-
cer risks for each scan type. These models were com-
bined with age- and sex-specific scan frequencies for the
US in 2007 obtained from survey and insurance claims
data. We estimated the mean number of radiation-
related incident cancers with 95% uncertainty limits (UL)
using Monte Carlo simulations.

Results: Overall, we estimated that approximately 29 000

(95% UL, 15000-45000) future cancers could be re-
lated to CT scans performed in the US in 2007. The larg-
est contributions were from scans of the abdomen and
pelvis (n=14000) (95% UL, 6900-25000), chest
(n=4100) (95% UL, 1900-8100), and head (n=4000)
(95% UL, 1100-8700), as well as from chest CT angiog-
raphy (n=2700) (95% UL, 1300-5000). One-third of the
projected cancers were due to scans performed at the ages
of 35 to 54 years compared with 15% due to scans per-
formed at ages younger than 18 years, and 66% were in
females.

Conclusions: These detailed estimates highlight sev-
eral areas of CT scan use that make large contributions
to the total cancer risk, including several scan types and
age groups with a high frequency of use or scans involv-
ing relatively high doses, in which risk-reduction ef-
forts may be warranted.

Arch Intern Med. 2009;169(22):2071-2077

(uelle: Bemington de G.A et al.. Projected cancer risks from computed tomographic scans performed in the United States in 2007. Arch Intem hed, 169 (22), 2008, 20717,

c8911 Wi
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rne NEW ENGLANDOURAL of‘MEDICINE

Is Computed Tomography Safe?

Rebecca Smith-Bindman, M.D.

. We found that the risk of
cancer from a single CT scan
could be as high as 1 in 80 —
unacceptably high, given the ca-
pacity to reduce these doses. ..."

,-.. EBEvidence
suggests the radiation dose from
CT could be reduced by 50% or
more without reducing diagnos-
tic accuracy.*

JULY 1, 2010

. We need to estab-
lish diagnostic reference levels,
on the basis of clinically relevant
outcomes and safety, not the
creation of the greatest-quality
images, if such quality does not
improve outcomes. .. ."

_the FDA
could take the lead in creating
standards and assessing compli-
ance. Facilities that could not
meet the standards should not be
certified to conduct CT. ..."



Arzte Zeitung, 08.06.2012 05:00
Studie bestatigt: Krebs auch durch niedrige Strahlendosis beim CT

Eine groBe retrospektive Studie bestatigt, dass auch durch die niedrige
Strahlenbelastung, die wahrend der CT-Untersuchung auftritt, das Krebsrisiko leicht
erhoht ist. Analysiert wurden Daten von fast 180.000 Patieten, die im Kindesalter
eine CT bekamen.

NEWCASTLE UPON TYNE (ple). Bereits vor
mehr als einer Dekade lieBen
Modellrechnungen aufgrund der Erkenntnisse,
die von Uberlebenden der
Atombombenexplosionen in Japan gewonnen
wurden, vermuten, dass auch in der Medizin
genutzte niedrige Strahlendosen das
Krebsrisiko erhéhen.

Jetzt liefert eine britische retrospektive
Kohortenstudie erstmals Daten von fast
180.000 Patienten, die Kinder eine CT-
Untersuchung bekamen, und zwar zwischen
1985 und 2002 (Lancet 2012; online 7. Juni).

Keines der Kinder war an Krebs erkrankt.

. . ) . Auch fur Niedrigdosis-CT gilt strenge
Far die Auswertung nicht genutzt wurden die Indikationsstellung!

Daten von Patienten, die innerhalb von zwg_i ' © Getty Images / iStockphoto
Jahren nach der CT-Untersuchung an Leukdamie oder innerhalb von finf Jahren nach der
Untersuchung an einem Hirntumor erkrankten.

Bei insgesamt 74 von 178.604 Patienten wurde nachfolgend eine Leukamie diagnostiziert, bei
135 von 176.587 ein Hirntumor.
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Thyroid cancer in children in Belarus after Chernobyl

Republic of Belarus with oblast regions: “IAEA's 1991 assessment of the health consequences
' of the Chernobyl accident found no health disorders
that could be attributed directly to radiation, ruling out
reports of widespread illnesses. What the
investigators did find was substantial negative
psychological consequences and stress-related
ilinesses attributed to uncertainty and fear extending

beyond contaminated villages and towns.”
Rojas- Burke, J. The Journal of Nuclear Medicine Vol.33. 11, 1992

N
Chernoby! Nuclear Power Plant {

[ Lower exposure areas 0 100 km

—
[_JHigher exposure areas 0 60 miles




Thyroid cancer in children in Belarus after Chernobyl

“This study documents marked increases in the incidence of thyroid cancer
among residents of both “higher Exposure” areas within in the Republic
of Belarus.”

“...it appears likely that (...) radioiodine (...) served as a cancer-initiating

event.”

Mahoney, M. C et al. Int. J. Epidemiol. 2004, 33, Thyroid Cancer incidence trends in Belarus: examining the impact
of Chernobyl , 1026 pp.

Table 3 Rate ratios by sex and age at diagnosis for thyroid cancer incidence rates per 100 000 among residents of ‘lower exposure™® areas in
Belarus, 1980-1999

0-14 years at diagnosis

Year of Males Females
diagnosis P Rate / RR" (95% CI) » Rate m (95% C1)

1980-1986 2 0.09 1.00 - 5 0.20 1.00 -

1987-1991 23 1.40 15.63 (66.29, 3.68) 23 1.27 6.31 {2.40, 16.59)

1992-1995 75 22.96 255.75 (1041.59, 62.80) 117 37.06 183.52 (74.98, 449.16)

1996-2001 18 13.00 144.80 {243.03, 86.28) 55 19.63 97.21 {59.75, 158.15)
A4 p -

Ref.: Mahoney, M. C et al. Int. J. Epidemiol. 2004, 33, Thyroid Cancer incidence trends in Belarus: examining the impact of Chernobyl , 1031 pp.



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

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

Chernobyl accident

Elisabeth Cardis"*, Daniel Krewski®, Mathien Boniol", Viadimir Drozdoviteh”, Sarah O, Darby?, Ethel 8, Gilbert®,
Sominori Akiba®, Jacques Benichou®, Jacques Ferlay', Sara Gandini”, Catherine Hill®, Geoffrey Howe’,
Ausrele Kesminiene”, Mirjana Muoser™, Marie Sanchez!, Hans Storm", Lsurent Voisin® and Peter H-uyle'

! nter natio nal Apency for Besearch aon Cancer, Lyan, France

z.ﬂ-frf_&aw.kﬁﬂ Contre for Papulatnion Health Bisk Assessment, Insimge of Popidasion Health,

Leiversity of Cuawa, (otawa, Onrario, Canada

*tlinical Trial Service Unir, Liriversity of Oaford | United Kingdom

*Radiation Epickemiology Branch, Division of Epidemiology and Cenetics, Natjona! Cancer Trstitnte, Bethesda, MO, U5A
5qumm‘ma Liniversity, Ciraddiate School of Medica! and Densal Sciences, Kagoshimg, Japan
SBio statistics Linir, Liniversity of Ronen Medical School and Bowen University Hospital, Bowen, Franoe

Tf'ju'aman Trstinte of (ncology, Milana, ffaly
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gﬂepa.l'.rme.ru af Epidenyalogy, Mailmar School of Public Health, Colimbia Uriversity, New York, NY, U154

O ederal Office of Public Health, Bern, Switzerland
Y anish Cancer Sociary, Coperbagen, Denmark

The Chernoby] accident, which socurred April 26, 1966, resulted in
a large release of radiomscides, which were deposited over a very
wide area, particularly in Europe. Alhowgh an increased risk of thy-
rodd cancer in exposed children has been cearly demanstrated in the
mwist coavtam inated reglons, the impact of the accident on the risk of
other cancers as well as elsewhere in Europe is less cear, The abjec-
thve of the present study was to evaleate the oman canoer burden in
Europe a5 a whole from radioactive fallout from the accldent, Aver-
apre oountry- and reglon-specific whole-body and thyrold doses from
Chermoby]l were estimated using mew dosimetric musdels and rad -
higrical data, Numbers of cancer cases and deaths possbly attribota-
hle to radiation from Chernobyl were estimated, applying state-of-
the-art risk maodels derived from studies of other irradiated popula-
tons Simultaneowsly, trends in cancer incldence and mortality were
examdned over time and by dose level, The risk projections suggest
theat by oo O lser oyl may lave cavsed about 1MW cases of thyrold
cancer and 4MH) cases of ofber cancers in Furope, representing
abourt L% of all incldent cancers sinee the accident. Models pre-
dict that by 2065 about 16WWN {95% UL 3,300-7T2WM)) cases of thy-
rodd camoer and ZE(WW {955 UT LLAWM—59006)) casms of other can-
cers may be expected due to radiation from the accldent, whereas

Epideminlogical studies lfocuwsing on the mast  contaminated
regioms of the 3 most atfected countries have confimmed a cassal
relationship between the observed increased risk of thymid cancer
and exposune o mdicactive iodines from the Chemaobyl Falkoow
amemg those who were children or adolescenis when the accident
]m]:l]:n::n-::nti.a's CHher q?cs ol cancer, inchiding leukemia, have also
been im-tsligat:d."ﬁ' but as yet no association with adiation ex-
posure has been elearly demonstrated. Becent studies suppesl a8 pos
zihle doubling of the risk of leukemia among Chernobyl cleanup
workers ™ and a small increase in the incidence of premenopassal
hreast cancer’™ in the most contaminated districts {with averge
whole-body doses above 40 mSv), both of which appear to he
related to radiation dose. These finding s need con frmsation in Purther
epideminlogical studies with carelul individual dose reconstrsction.

The tull extent of the health impact of Chernobyl on the popuala-
tion isditficultio gawge. Ten years apo, Candi=s and collabarators™
eslimated thal abowt 900 deaths from cancers and leukemia
might be expecied over the course ol & lifetime in the most
exposed populations in Belarws, the Russian Federation and
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Thyroid Cancer Detection by Ultrasound Among
Residents Ages 18 Years and Younger in Fukushima,
Japan: 2011 to 2014

Toshihide Tsuda,* Akiko Tokinobu, Eiji Yamamoto,* and Etsuji Suzuki®

Methods: After the release, Fukushima Prefecture performed ultra-
sound thyroid screening on all residents ages <18 years. The first
round of screening included 298,577 examinees, and a second round
began in April 2014. We analyzed the prefecture results from the first
and second round up to December 31, 2014, in comparison with the
Japanese annual incidence and the incidence within a reference area
in Fukushima Prefecture.

(Epidemiology 2016;27: 316-322)
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Thyroid Cancer Detection by Ultrasound Among
Residents Ages 18 Years and Younger in Fukushima,
Japan: 2011 to 2014

Toshihide Tsuda,* Akiko Tokinobu, Eiji Yamamoto,* and Etsuji Suzuki®

Conclusions: An excess of thyroid cancer has been detected by
ultrasound among children and adolescents in Fukushima Prefecture
within 4 years of the release, and 1s unlikely to be explained by a
screening surge.

(Epidemiology 2016;27: 316-322)
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Is cancer risk of radiation workers larger than

expected?

P Jacob,' W Rihm,' L Walsh,? M Blettner,> G Hammer,* H Zeeb?

ABSTRACT

Occupational exposures to ionising radiation mainly occur
at low-dose rates and may accumulate effective doses of
up to several hundred milligray.

The objective of the present study is to evaluate the
evidence of cancer risks from such low-dose-rate,
moderate-dose (LDRMD) exposures.

Our literature search for primary epidemiological studies
on cancer incidence and mortality risks from LDRMD
exposures included publications from 2002 to 2007, and
an update of the UK National Registry for Radiation
Workers study. For each (LDRMD) study we calculated
the risk for the same types of cancer among the atomic
bomb survivors with the same gender proportion and
matched quantities for dose, mean age attained and
mean age at exposure. A combined estimator of the ratio
of the excess relative risk per dose from the LDRMD study
to the corresponding value for the atomic bomb survivors
was 1.21 (90% CI 0.51 to 1.90).

The present analysis does not confirm that the cancer risk
per dose for LORMD exposures is lower than for the
atomic bomb survivors. This result challenges the cancer
risk values currently assumed for occupational exposures.

=
E
=]
o
=,
S
.|
2
=0
=
=
L
=]
&
-]
oo
1§
o
=k
I
2.
S
2
o
15
=
]
=
&
=
e
Ll
[0
()
n



o

EDITOR'S
CHOICE

See Editorial, p 785

"Hemholtz Zentrum Miinchen,
Institute of Radiation Protection,
Neuherberg, Germany; 2 Federal
Office for Radiation Protection,
Department of Radiation
Protection and Health,
Oberschleifheim, Germany;

3 Johannes Gutenberg —
University Mainz, Institute of
Medical Biostatistics,
Epidemiology and Informatics,
Mainz, Germany

Corespondence to:

P Jacob, Hemholtz Zentrum
Miinchen, Institute of Radiation
Protection, D-85764
Neuherberg, Germany;
Jacob(@helmholtz-muenchen.de

Accepted 13 May 2009
Published Online First
30 June 2009

2.0

Is cancer risk «
expected?

P Jacob,” W Rihm," L

1.5:F -

ABSTRACT

Occupational exposures to ionisir
at low-dose rates and may accur
up to several hundred milligray.

The objective of the present stu
evidence of cancer risks from su
moderate-dose (LDRMD) exposu
Our literature search for primary 0.5 F - .
on cancer incidence and mortalit -
exposures included publications

an update of the UK National Re
Workers study. For each (LDRMI
the risk for the same types of ¢
bomb survivors with the same g
matched quantities for dose, me
mean age at exposure. A combir
of the excess relative risk per dos
to the corresponding value for th

%as 1.21 {90% ICI.D‘? to 1.90) Figure 3 Ratio Q of excess relative risk-per-dose values for cancer
€ present analysis does Not COl g, low-dose-rate, moderate-dose exposures and after acute, high-dose
exposures as recommended by the International Commission on

Risk ratio, Q
o

0.0

ICRP
BEIR VIl
Epi-risk

per dose for LDRMD exposures |

atomic bomb survivors. This rest gagiological Protection (ICRP),? used by BEIR VII (95% Cl),* and derived
risk values currently assumed for jp the present analysis from epidemiological studies (epi-risk, 90% Cl).

5
=
™
m
- |
=,
=]
=
[J
=
=
w
=]
o
]
=
T
|
Lo
=
=
=0
=
&
=
8]
=
[J
S
=
o
Cad
[ ]
|
£n



What this paper adds

Occupational exposures to ionising radiation
occur normally at low-dose rate and may sum
up to moderate doses in the order of 100 mGy.
Limits of occupational exposures are based on
the assumption that cancer risk factors are
lower than for the atomic bomb survivors by a
factor of two.

Twelve recent epidemiological studies on cancer
after low-dose-rate, moderate-dose exposures
were included in this analysis of cancer risks
related to such exposures.

The studies provide evidence that cancer risk
factors for occupational exposures are not lower
than for atomic bomb survivors.

The new evidence for cancer risks should be
taken into account in optimisation procedures
for the use of radionuclides and ionising
radiation at the work place and in medicine.
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IARC Monographs : The known causes of human cancer by organ site (updated 12.2014)

Eye Human immunodeficiency virus type 1
Ultraviolet-emitting tanning devices
Welding

Oral cavity ~ Alcoholic beverages
Betel quid with tobacco
Betel quid without tobacco
Human papillomavirus type 16
Smokeless tobacco
Tobacco smoking

Pharynx Alcoholic beverages

(oro-, hypo-  Betel quid with tobacco

and/or NOS) Human papillomavirus type 16

Tobacco smoking

Nasopharynx  Epstein-Barr virus

Formaldehyde

Salted fish, Chinese-style

Wood dust

Tonsil Human papillomavirus ty

X-radiation, gamma-radiation

Radioiodines, including iodine-131
(exposure during childhood and adolescence)
X-radiation, gamma-radiation

Stomach  Helicobacter pylori

obacco smoking
gamma-radiation

Upper aerodigestive tract Aceld ption of
alcoholic beverages

Liver Aflatoxins o]
slar i g of
Alcoholic beverages
Betel qu id with tobacco

(hep
carcinoma)

gen-p
Hepatitis B virus

Liver (angiosarcoma)  Vinyl chloride

Biliary tract  1,2-Dichloropropane
Chlonorchis sinensis

Opisthorchis viverrini ageo

Tobacco smoking

Colon and rectum gnolic beverages

Endometrium  Estrogen menopausal therapy

therapy

p
Tamoxifen

Vagina Diethylstilbestrol (exposure in utero)

Uterine cervix  Diethylstilbestrol (exposure in utero) Human papillomavirus type 16

Vulva  Human papillomavirus type 16

gen-pi P

Human immunodeficiency virus type 1

Human papillomavirus types 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59

Tobacco smoking

Ovary Asbestos (all forms)
Estrogen menopausal therapy
Tobacco smoking

Penis  Human papillomavirus type 16

sufficient
evidence in
humans

v World Health
75 Organlzatlon

Brain and ghtral
nervous syfiem

B o
" Multiple site;
(unspecifig

yriosporine
Fission products, including
stromium 90

All cancers
combined

gentorodibenzo-
para-dioxin

Group 1 agents 2,3,4,7 8-Pentachlorodibenzofuran
with less than

Polychlorinated biphenyls with a WHO TEF (“dioxin-like”)
4,4"-Methylenebis(2-chloroaniline) (MOCA)

Alpha- and beta-particle emitters

Areca nut

Aristolochic acid

Benzidine, dyes metabolised to

Benzo[a]pyrene

Ethanol in alcoholic beverages

lonizing radiation (all types)
Neutron radiation

#y1)-1-butanone (NNK)

X-radiation,
gamma-radiation

Nasal cavity aloohol

Aluminium production

Arsenic and inorganic arsenic compounds
Asbestos (all forms)

Beryllium and beryllium compounds

methyl ether
(technical grade)
Cadmium and cadmium compounds

and

paranasal s

sinus Nickel compounds

Radium-226 and its decay products

Radium-228 and its decay products
obacco smoking

Acid mists, strong inorganic
Alcoholic beverages
Asbestos (all forms)
Tobacco smoking

Pleura or
peritoneum

Asbestos (all forms)
Erionite

) Painter
exposure as)

Alcoholic beverages

Diethylstilbestrol

Estrogen-progestogen
contcacankue

menopausal therapy
X-radiation, gamma-radiation

Urinary bladder

Cl ium (V1) comp

Coal, indoor emissions from

Coal gasification

Coal-tar pitch

Coke production

Diesel engine exhausts

Gamma-radiation

Haematite mining (underground)

Iron and steel foundlng

MOPP ( ( p i itrog
mixture)

Nickel compounds

Outdoor air pollution

Outdoor air pollution, particulate matter in

Painter (occupational exposure as)

Plutonium

Radon-222 and its decay products

Rubber production industry

Silica dust, crystalline

Soot

Tobacco smoke, st
Tobacco smoking
X-radiation

Aluminium production

4-Aminobiphenyl

Arsenic and inorganic arsenic compounds
Auramine production

Benzidine

and ureter
Phenacetin

Phenacetin, analgesic
mixtures containing
Tobacco smoking

Plutonium

Radium-224 and its decay products
Radium-226 and its decay products
Radium-228 and its decay products

X-radiation, gamma-radiation

Endothelium
(Kaposi

sarcoma) Kaposi sarcoma herpes virus

Skin Solar radiation
(melanoma) Polychlorinated biphenyls

Ultraviolet-emitting tanning devices

Skin (other
malignant Azathioprine
) Coal-tar disti
Coal-tar pitch
Cyclosporine
Methoxsalen plus ultraviolet A
Mineral oils_untreated or mildly treated

B0lar radiation
Soot
X-radiation, gamma-radiatios

Human immunodeficiency virus type 1

Arsenic and inorganic arsenic compounds

Chlornaphazine
=t 4

y
Magenta production
2-Naphthylamine

Painter (occupational exposure as)
Rubber production industry

Schi %

pacco smoking
ortho-Toluidine
X-radiation, gamma-radiation
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Context: The thyroid gland is a potential target organ for radiation-
related damage.

Objective: The aim of the analysis was to investigate the association

between occupational exposure to ionizing radiation and autoimmune
thyroid disease (AITD).

Design: Our design was the cross-sectional Study of Health in
Pomerania.

Setting: The setting was the general community.

Subjects: Analyses were performed in a population-based sample of
4299 subjects. Among them, 160 persons reported a history of occu-
pational exposure to ionizing radiation.

Main Outcome Measure: AITD was defined as the combined pres-
ence of hypoechogenicity in thyroid ultrasound and antithyroxiper-

oxidase antibodies greater than 200 IU/ml.
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Effect of low doses of ionising radiation in infancy on cognitive

function in adulthood: Swedish population based cohort study

Per Hall, Hans-Olov Adami, Dimitrios Trichopoulos, Nancy L Pedersen, Pagona Lagiou, Anders Ekbom,
Martin Ingvar, Marie Lundell, Fredrik Granath
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Abstract 3094 Manner nach Strahlentherapie
Objective To determine whether exposure to low doses of wg. Hamangiom vor dem 18. LM

ionising radiation in infancy affects cognitive function in

aguligeod.. Umfangreiche Dosisermittlung

Design Population based cohort study. . ) )

Setting Sweden. (mittl. Organdosis Gehirn < 100,

Participants 3094 men who had received radiation for

cutaneous haemangioma before age 18 months during Max.>250 mGy)

1930-59. : - .
Main outcome measures Radiation dose to frontal and High school attendance, military cognitive

posterior parts of the brain, and association between dose and tests (Iearning ablllty |Ogical reasoning)

intellectual capacity at age 18 or 19 years based on cognitive

tests (learning ability, logical reasoning, spatial recognition) and .. ) . ) ..
high school attendance. Risiken konsistent erhoht (vergl. Tinea capitis)
Results The proportion of boys who attended high school

decreased with increasing doses of radiation to both the frontal  kain wesentlicher Einfluss von Confoundern
and the posterior parts of the brain from about 32% among

those not exposed to around 17% in those who received > 250 .

mGy. For the frontal dose, the multivariate odds ratio was 0.47 Stat. sign. Trends

(95% confidence interval 0.26 to 0.85, P for trend 0.0003) and

for the posterior dose it was 0.59 (0.23 to 1.47, 0.0005). A Hohere Risiken bei Dosismaximum im

negative dose-response relation was also evident for the three .

cognitive tests for learning ability and logical reasoning but not Frontalhirn

for the test of spatial recognition.

Conclusions Low doses of ionising radiation to the brain in Mittl. Org andosis kann fir Kleinkinder
infancy influence cognitive abilities in adulthood. . . . .
iIm diagnostischen CT erreicht werden



What is already known on this topic

High doses of ionising radiation to the developing human
brain cause mental retardation

It is unknown whether low level exposure in infancy has
more subtle effects on cognitive function

What this study adds

Intellectual development 1s adversely affected when the
infant brain is exposed to ionising radiation at doses
equivalent to those from computed tomography of the skull

wod'fwq ‘¥z-6T ‘(Y002)82E CING

Diagnostic evaluation of children with minor head injures
needs to be re-evaluated



Radiat Environ Biophys (2011) 50:325-328

DOI 10.1007/00411-010-0350-9

ly a few studies investigated occu-

SHORT COMMUNICATION

Maternal occupational exposure to

and birth defects

Awi Wiesel « Claudia Spix «+ Andreas Mergenthaler +

Annette Queiber-Luft

Radiation and

Environmental

Biophysics

Maternal occupational exposure to ionizing radiation

and birth defects

Awi Wiesel - Claudia Spix - Andreas Mergenthaler -
Anneite QueiBer-Luft

© Springer-Verlag 2011

Abstract  So far, only a few studies investigated occu-
pational exposure to ionizing radiation in pregnancy to
cause birth defects (BDs). No association between BDs
and ionizing radiation, although described 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 used to quantify the
prevalence of BDs in infants between 1/2007 and 2/2008 is
P i, An active ion of all livebirths by
specially trained paediatricians in two defined areas was
performed.  Additionally, a study-specific questi Nire
distributed among all becoming mothers in the surveyed
regions  included questions on  maternal  oceupational
exposure to jonizing radiation within the first trimester of
pregnancy, In 3,816 births (including 165 infants with BDs;
4.3%), ing possible exposures to
medical and occupational ionizing radiation were avail-
able. Relative risk (RR) estimates in mothers surveyed for
occupational exposure 1o ion
radiation dosimeter) and BDs in the offspring were caleu-

I answers

izing radiation (wearing a

lated exploratively. A higher prevalence of infants with
BDs (n = 4; 13.8%) was documented in newborns of the
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increased to 4.0 (1.5-10.7). Adjustment for possible con-
founders did not change the results substantially,

Intreduction

Tonizing radiation is known 1o cause severe damage in the
unborn infant, depending on dose and time of exposure (De
Santis et al. 2007). Swdies on maternal occupational
exposure o ionizing radiation and hirth 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. 1088), including also
studies in the health care sector (Matte et 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 ionizing radiation (Shepard 1995; Sudrez et al.
2007). In Germany, people working in health care who
may potentially be exposed to ionizing radiation must wear
a radiation dosimeter. Expectant mothers have 1o inform
their employer about their ongoing pregnancy “as soon as

ionizing radiation

ionizing radiation in pregnancy to
3Ds). No association between BDs
1, although described for high-dose
be confirmed for employees, or spe-
in explorative analysis of a prospec-
birth cohort used to quantify the
nfants between 1/2007 and 2/2008 is
examination of all livebirths by
specially trained paediatricians in two defined areas was
performed. Additionally, a study-specific questionnaire
distributed among all becoming mothers in the surveyed
regions included questions on maternal occupational
exposure to ionizing radiation within the first trimester of
pregnancy. In 3,816 births (including 165 infants with BDs;
4.3%), maternal answers concerning possible exposures to
medical and occupational ionizing radiation were avail-
able. Relative risk (RR) estimates in mothers surveyed for
occupational exposure to ionizing radiation (wearing a
radiation dosimeter) and BDs in the offspring were calcu-
lated exploratively. A higher prevalence of infants with
BDs (n = 4; 13.8%) was documented in newborns of the
29 surveyed mothers compared to that in 3,787 births from
unexposed mothers (n = 161; 4.3%), comresponding to a
RR of 3.2 (1.2-8.7). Excluding deformations, the RR
increased to 4.0 (1.5-10.7). Adjustment for possible con-
founders did not change the results substantially.
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