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Extended Summary

What happened after the nuclear accident of Chernobyll986 seems to happen all over again after
the accident of Fukushima in 2011. After Chernobiglak about a decade until organisations like the
International Atomic Energy Agency (IAEA) and the Waehlthl Organisation (WHO) admitted that

thyroid cancer caused by radioactive contamination increaisedhildren and adolescents, even
though the increase was quite obvious from 1990 onwaNisw that we are in the sixth year after

Fukushima, the same authorities together with Japanese aittesrdownplay the already visible

increases in thyroid cancer in the contaminated regiomsl A is not only thyroid cancer that shows

an increase after these two accidents. Also the incidencetludr types of cancer and a lot of other

diseases increase in populations affected from the Chgyhaccident, including diseases in the
descendants of contaminated people.

While it has already been proven that radiation can causetiag health impacts like thyroid cancer
and leukaemia, it is disputed if radiation can also be oesjble for other health effects like heart
diseases. And it is disputed if low or even very l@msesd of ionising radiation can cause measurable
effects at all.

The effects of high radiation doses on humans (like acatiation sickness) are documented quite
well. Butthe effects of low doses are still one of the modisputed topics in radiation protection.
Low doses result from nuclear installations during normpération, from accident situations in
nuclear facilities for workers and the public, from thectear bombs on Hiroshima and Nagasaki, but
also from medical exposure and natural background.

The health effects of low dose radiation are discusseghliticontroversially as they are not easy to
detect due to lack of detailed data, unreliable medigaltems and the very large number of people
affected. Furthermore, diseases like cancer cannot bebaifieid to a single cause.

Looking into recent European legal texts, severalegtions arise: What are dose limits and levels
based upon? What models and epidemiological resuttave been used to determine these dose
limits? Which experts are allowed to give input the underlying scientific discussions, and whose
work is neglected and why?

New insights in health effects of ionising radiatio

Radiation protection has long been based mainly on theareteof the survivors of the atomic bombs
on JapanThe new INWORKS study on a big collective of nucledeevs (Richardson et al. 2015a)
confirmed thatlow, protracting doses result in risks that are coramble to risks of higher doses

Especially thehronic lymphoblastic leukaemia (CLWps long believed to not be radiation induced
but now the results of a new study on Ukrainian Cherndiquidators prove that there is evidence for
the contrary. (Zablotska et al. 2013)

In August 2016 it became known that twaikushima workersvho had developedeukaemiaafter
receiving low dose of 16 mSv and 54.4. mSv, resgdgtwere entitled to workers compensation.

Thyroid cancer incidence after Chernobghowed no decrease or is even still increasing iersév
groups of Ukrainian people. (Prysyazhnyuk et al. 2Bignner et al. 2011) In his update of the TORCH
report, lan Fairlie (2016) also showed a long latenestod for thyroid cancerA first study about
thyroid cancer after Fukushimaupported the results from Chernobyl studies. (Tsudal.€2016a) In
2016, the first worker bthe Japanese nuclear enterprise TEPCO with thyroid cararblen



acknowledged to have gotten the disease due to his worklPP Fukushima. The man will receive
compensation.

New studies show thabreast canceris not only caused by radioactive contamination but cagnev
occur at low doses such as doses caused by effectsrofat operation or well below 100 mSv like in
the study of Pukkala et al. (2006). Breast cancer cogsll la¢ caused by normal operation of NPPs.
(Bushby 2009)

Non-cancer diseasesomprise a big group of diseases, among them cardioNasdiseases, diseases
of the respiratory and the gastrointestinal tract, diabetes, catés etc. While the International
Commission on Radiological Protection (ICRP) does nomassffects under a dose of 500 mSv,
studies show that even at low dose an excess risk eafolnd (Buzunov et al. 199&anov 1996
Little et al. 2012)t which is of special interest, because f.e. cardiovasalisgases have a high
prevalence and therefore many people can be concerf@ataractswere long seen as deterministic
radiation effect (occurring only over a certain thresholdut a new study suggest that they are also
stochastic effects without a threshold. (M&mpel et al12D

In several studies an increasel@éukaemia risk for childrenwho have been exposed in utero or in
young years was found (Davies at al. 2006, Noshechetndio 2010, Busby 2009)

Normal operation of NPPgan also lead to health effects like childholedkaemia especially in
children living in the vicinity. This is shown by @tsdfrom Germany, UK, France and Switzerland
(Kaatsch et al. 200Bithell et al. 2008, COMARE 2011, Spycher et al. 28IrEcent published study
reveals a highly statistically significant 37% increaseildimod leukaemia within 5 km of almost all
NPPs in the UK, Germany, France and Switzerland. (KoablgiFairlie 2012)

Furthermore, recent studies concerninghildhood cancer from natural background radiati
(Spycher et al. 2015, Kendall et al. 2013) and medigabsure indicate the high radio-sensitivity of
children.

The ICRP assumes that the life-time cancer-risk folloiwingero-exposure is about three times higher
than the risk of the overall populatiobhbut in the light of the depicted studies this assumptsaems
to be insufficient.

After exposure from ionising radiation (e.g. subsequenuclear accidentderatogenic effectshave
been observed, even in those who were only expasedw or very low levels of radiation. (Busby et
al. 2009; Karblein and Kichenhoff 1997; Kérblein 2@0®4b) Exposure in-utero cannot only cause
leukaemia and cancer, but also perinatal mortality, congemiffeicts etc.

The ICRP judges that, followipgenatal (in-utero) exposure, a) cancer risk will be similarthat
following irradiation in early childhood and b) a thresthadlose (100 mSv) exists for the induction of
malformations. In the light of recent scientific reseatlls position has to be revised. (Korblein 2011)

Exposure of the germ cells (gonads) can cause mutatiotigeigenetic material which may result in
heritable diseasesin the offspring of the exposed persons. Accordingl€@RP, radiation-induced
heritable disease has not been demonstrated in human patjards but there is substantial evidence
from animal studies of heritable damage to germ cella@wd spermatozoa) as well as their precursor
cells. However, the ICRP decreased its risk estimate higritable damage between its
recommendations of 1991 and the recent ones of 200RP@991, 2007)

Effects in populations exposed to Chernobyl fallout exeluded by the official committees (in
particular ICRP), which claim that doses are too low tegee statistically observable increases. This,
however, is certainly wrong, because it is known frmany studies of chromosome aberrations (e.g.
Busby 2015b), either that the doses calculated by the UniNations Scientific Committee on the



Effects of Atomic Radiation (UNSCEAR) are much too ltvatothere is an enhanced radiobiological
effectiveness in the type of internal exposures orarfic delivery received by the Chernobyl groups.

Scientific uncertainty exists about the differences inuiseffects and therefore the risks from external
versus internal radiation sources (NAS 2014).

When examining the risk of genetic damage by radiatide itery important to make a distinction
between acute exposure to radiation and chronic expositiGhronic radiation exposure results in
permanent radiation of all stages of spermatogenesis. €kains the relatively high number of
malformations and other congenital defects of the descamg of occupationally exposed men.

Schmitz-Feuerhake, Busby and Pflugbeil have publigeedrecently a paper in which they bring up
arguments for a new assessment. (Schmitz-Feuerhake 20H6) The authors criticize UNSCEAR and
ICRP for their very low risk factors for hereditary dissaism humans based on reportedly absent
genetic effects in the acute exposed Japanese atomic beumdvors. Nearly all types of hereditary
defects were found in cases affected by very low do$bs. authors suggest that the results show that
current radiation risk models fail to explain or even d¢lict the many observations and should be
abandoned.

All the congenital malformations effects are caused by matabf DNA whether in the parental germ
cells and precursors or from implantation to birth. Gaoesffects in contaminated areas cannot be
clearly distinguished from those resulting from in-utexxposure of embryos and foetuses.

In that light, the behaviour of the international associasodRCP, WHO) is irresponsible, because at
present it is already clear that the radiation risk for futugenerations will be much higher than
assumed according to the existing risk factors, eved the full extent cannot yet be predicted.

Although there are numerous studies in the area of assess$of impacts of nuclear power plants on
human health, it is still necessary to make follow-ups,eeflly to investigate radiation effects of

normal operation of nuclear facilities in depth. Particyldr countries with many NPPs in operation
and with NPPs situated in densely inhabited aréas, necessary to try to arrange for independent

studies or independent reviews of existing studies.

It is of uttermost importance that new insights in radiatieffects will be considered in radiation
protection law and measures.

European radiation protection legislatiort the BSS-Directive

Council Directive 2013/59/Euratom of 5 December 204¥ng down basic safety standards for
protection against the dangers arising from exposure tesiolg radiation, the so-called BSS-Directive,
establishes uniform basic safety standards in the EU. liegpfal any planned, existing or emergency
exposure situation with ionising radiation, caused by @itf or natural sources of radiation.

Based on new insights in health effects it can be caleduhatthe dose limits in the BSS-Directive
are too high they do not provide enough protection, especially tbe embryo/foetus, children,
pregnant women and young adults.

For the underlying dose calculations, it is importanthdtghe scientific focus from only studying the
atomic bomb survivors to all other studies of consequnof Chernobyl, effects of natural
background and of very low and low doses especiallynfrmrmal operation of nuclear facilities.
Recent studies show that using a dose and dose-rate eféewtss factor (DDREF) of two by ICRP is
highly underestimating the measured effects. TeREF has to be reduced from 2 tonhich is now



recommended by the WHO and the German Commission on IBgdial Protection (WHO 2013, p.32,
SSK 2014).

Genetic and teratogenic effects are seriously undstimated, even though there is scientific
evidence of effects like genetically induced malformasgiocancers, and numerous other health effects
in the children of father and/or mothers who were expasto low doses of ionising radiation. The
protection measures fopregnant workershave to be strengthened.

The assumptions of ICRP about the relative biologicattafemess oheutronsis also in question. A
new approach from Walsh (2012) shows that a weightingOofidcording to ICRP 103 may not be
optimal, and this practice should be reviewed.

Dose limits for single organshould be introduced, especially for the gonads andthtyzoid.

In case of an emergency, countries have defined thesiedevels for start ofmergency protection
measureslike iodine tablets or evacuation. These interventiovels are based on the BSS-standards
and therefore on recommendations of the ICRP. In Austriegumtry without NPPs, some of the
intervention levels are lower than in other countries,.fstaying indoor for children and pregnant
women is recommended if an effective dose of 1 mSay&ds expected. The administration of iodine
tablet for children should start if a thyroid dose of 1®Bwmis expected. (IntV 200This can be
considered as better practiceW E}S S]JvP % }% o0 [¢+ Z 0SZ Z  §} E S&
circumstances, in particular of the descendants.

Because it has been proven that also very low doses care aagssurable health effects, it is
recommended that besides the effective individual d@sel single organ doses also tbellective
doseshould be used in the BSS-Directive, levels foraleative dose should be determined especially
in planned radiation situations.

It may not be possible to make amendments of the BS&ciie itself (or even the underlying
approach of ICPR), but the members states still have tintd lbab 2018 toimplement the BSS-
Directive into national law By doing so, member states could introduce dose lithiés are below the
maximum dose limits. Many countries have not implementld BSS-Directive yet, so there is still
time left for the interested public to enter the debate.

Medical diagnostics are valuable tools for human health, dart also cause measurable negative
effects due to radiation. It contributes in Europe with ampgmately 1 mSv to the annual average dose,
the largest part of it is received by X-ray diagnosticd aomputer tomography. Thereforeg
reasonable reduction of the use of these diagnostic t@als be recommended.

ICRP and the Articlgl-Group of Experts are the only expert groups who carthat time-being
influence radiation protection legislatioThe ICRP has no democratic legitimation. The ABitle-
Group is staffed by the member states, but its consulkiag often not been made publikt.would be
preferable to have independently staffed expert gups with public participation, and whose work
is made transparent.

Permitted food contamination in case of another SeppGAU: the Food Level Regulation

After the accident of Chernobyl in 1986 large amountsfomd and feed were contaminated by
radioactive material. Not only Belarus, Ukraine and Ruseia @affected, but also many countries in
Europe inside and outside the EC (European Communitigsiatime). The EC wanted to make sure
that only such agricultural products were put on the EC-natthkat did not exceed a defined level of
contamination. Therefore, three regulations for maximuwwdls in food and feed were established:
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These regulations allowed the European Commission tdkiyuedopt an implementing regulation in

case of a radioactive contaminatianfor the first time such an implementing regulation wapkgd

in 2011 after the nuclear accident in Fukushima. Afbeiglyears of amending these regulations, in

February 2016 a new regulation has entered into forceur€il Regulation Euratom 2016/52 for

"o CJvP YAv u EJupu % Eu]d3s o ASor]V(STEV IN GIA viv( (Joo}A]vP
nuclear accident or any other case of radiological emer C od-d\el regulation).

But when analysing the underlying assumptions that haveddtie food levels, errors and neglected
facts become obviousThe maximum permitted food levels in Council Regulaianatom 2016/52
are too high and should be reduced due to the follogvarguments:

For dose calculations in the food level regulation an aggion is used that only 10% of all food is
contaminated up to the maximum and 1% of liquid food pexgively. This will not be true in a worst
case of severe nuclear accident in one of the EU mendtates and under unfavourable
meteorological conditions.

It is assumed that an effective ingestion dose of 1 milvnat be exceeded it the food levels are not
exceeded. But when the assessment of the 8ttGroup of Experts in Publication 105 (EC 1998) is
recalculated, an effective ingestion dose level of ¥m@8l be exceeded for infants and adults using
the assumption that in one year only food is consumegvbich 10% (1% for liquids) is contaated

up to the maximum permitted level. This recalculatiosults in 3.1-7.8 mSv instead of 1 mSv.

The underlying data on dietary habits and food consumptoa outdated by more than 25 years.
Moreover, for only 10 EU member states out of 28 ,datata have been researched and used in
calculations. Dietary habits have changed in the meantime ddin lead to much higher ingestion dose
than assumed in the food level regulation.

The Art.31-Group recommends in its Publication 105 that member statesuld establish regularly

the typical dietary habits for different regions so thattlire case of an accident no underestimations
of actual consumptions rate occur. This recommendatiomes/ important. The interested public

should ensure that member states have their updated dietary gaggoared so that on the occasion

of implementing a food level regulation they can derogataf the food levels and introduce food

levelsthatarebeS (}JE& vVvepuE]VP SZ JE % }%0 [+ Z 0SZX
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