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Foreword

Radiation and radioactive substances surround us and are partirdiody as well. But to believe that
they have no influence on our health or that we are alreadgd to a certain level of radiation is utterly
wrong in the same respect as it would be wrong to hadithat smoking in a long range makes you less
susceptible to harmful effects of smoking. Even thouglolsng one cigarette does not immediately
kill, in a sufficiently large collective a very smakiin lung cancer could be observed even for this.case
Radioactive substances emit radiation which is harmful foritheman body, no matter how low the
dose may be. Even though a lower limit for health efedbes not exist, the effect might become
invisible in comparison with other adverse effectsvBitheless, some cases of illness and death have
to be attributed to radiation effects statistically, no matterow low the collective dose is.
Consequently, the dose received should be as loveasanably feasible.

The average naturat and by that practically irreduciblé background could represent a reasonable
lower limit. Concerning the additional dose caused by aomctivities, the present paper shall provide
a basis for the discussion. Nevertheless, the debate cahadbased on statistical reasoning only.
Which dose is accepted by society as a whole or fandtividuals in certain situations needs a broad
discussion on a sound and evidence based ground. tBeeigh it is correct that the outcome will be
a dose limit which results in an acceptable elevated prdimatbor some diseases, it is also a dose limit
which results in the early death of a certain numbemnalividuals of the society. For these the guestion
cannot be taken too serious and the latest scientific resuitsukl be implemented to revise those
limits regularly.

| do hope that the results provided in this paper willghéo determine limits which are significantly
lower than the limits in use today and which are at thensaime not preventive to the many useful
applications of radioactivity in medicine and research.

Andrea Schnattinger, Ph.D.

Head of the Ombuds-Office for Environmental Protection
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Health effects of ionizing radiation and their considematin radiation protection

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 causetieg 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 acatkation 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 discussethlizicontroversially as they are not easy to
detect due to lack of detailed data, unreliable medigaitems and the very large number of people
affected. Furthermore, diseases like cancer cannot bebaifieid to a single cause.

Looking into recent Europealegal texts, several questions arise: What are dogwils 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 theareseof the survivors of the atomic bombs
on JapanThe new INWORKS study on a big collective of nucledtews (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 Cherndiguidators 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, respdgtiwere entitled to workers compensation.

Thyroid cancer incidence after Chernobghowed no decrease or is even still increasing iersév
groups of Ukrainian people. (Prysyazhnyuk et al. 2Biignner 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. (Tsatlal. 2016) In
2016, the first worker of the Japanese nuclear enterpf$&PCO with thyroid cancer has been



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 effectsrofai operation or well below 100 mSv like in
the study of Pukkala et al. (2006). Breast cancer cogla la¢ caused by normal operation of NPPs.
(Bushby 2009)

Non-cancer diseasesomprise a big group of diseases, among them caadioyar diseases, 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 al13D

In several studies an increasel@ukaemia 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% increasaildimod leukaemia within 5 km of almost all
NPPs in the UK, Germany, France and Switzerland. (KoablgiFairlie 2012)

Furthermore, recent studies concerninchildhood cancer from natural background radiation
(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 populatiohbut in the light of the depicted studies this assumptsaems
to be insufficient.

After exposure from ionising radiation (e.g. subsequentuclear 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, congemiffgicts 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 mutatiotieigenetic 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 patris 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 erxeluded by the official committees (in
particular ICRP), which claim that doses are too low teg®e statistically observable increases. This,
however, is certainly wrong, because it is known froany 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 ltvatthere is an enhanced radiobiological
effectiveness in the type of internal exposures orachc 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 radiatias 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. Tkdaes 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 giot 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 associasopRCP, WHO) is irresponsible, because at
present it is already clear that the radiation risk for futigenerations 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$iof 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. Particyldd countries with many NPPs in operation
and with NPPs situated in densely inhabited ardas, 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 andttyzoid.

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 1Bwmis expected. (IntV 200This can be
considered as better practiceWE}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&:iie 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 implementked 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 apgmately 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 SepGAU: 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-mtaitkat did not exceed a defined level of
contamination. Therefore, three regulations for maximuwwdls in food and feed were established:

%o (E )



These regulations allowed the European Commission tkiyuedopt 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 for€euncil Regulation Euratom 2016/52 for

Ao CJvP YAv u EJupu % Eu]3s o0 ASor]V(STEV IN A viv( (Joo}A]vP
nuclear accident or any other case of radiologicalemer C_ ~(}} o A o E Ppo §]}veX

But when analysing the underlying assumptions that hadddehe 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 recalculati@sults 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 d#n 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 gaggpared so that on the occasion

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

o Aoe3Z3 E 3 (JE VepE]VP 8Z ]E %o }%o0 [+ Z 038ZX



1 Introduction

lonising radiation affects human healttBut while effects of high-level radiation are well domnted,
health effects of low-level radiation are one of the md&puted topics in medical science. Low-level
radiation results from nuclear installations during normalecation and accident situations for
workers and the public. Also the contamination from nacleombs (Hiroshima and Nagasaki) and
atmospheric nuclear weapons testingan still be measured large parts of the northern hemisphere
are contaminated with radionuclides like Caesium-137,r8imm-90 and Plutonium.

Why are health effects of low-level radiation so highlgteoversial and why is critical epidemiological
research often not acknowledged properly in the nucleanmunity? Among other things, this is due
to methods. Especially after Chernobyl when very largeufation groups were contaminated it was
difficult to get valid and complete data, partly due to ladkrmonitoring systems, unreliable medical
systems and political unwillingness. Besides lacking tiatath effects of low-level radiation are not
easy to detect. Diseases are normally caused by a vafietyemts (like environmental toxins, smoking
or bad lifestyle), and it is not easy to prove the caubdlioess t especially when the investigated
population group is small or data are incomplete.

In the last years, radiation effects on workers in nacli&cilities have been studied extensively. Here
the data base is better. A big study (INWORKS) has beeluated recently proving adverse health
effects of low-level radiation that can no longer be igrhréliso studies on the effects of natural
radiation help to bring clarity into the debate.

Normal operation of NPPs can also lead to health effadpecially in children living in the vicinity.
This is shown not only by thes-called KiKK-study (Germany) but also by studies fromratbuntries
(France, Great Britain and Switzerland)

Thebasic safety standardor radiation protection in the EU is the ndwirective 2013/59/Euratom
(BSS-Directive)ln this Directive, dose limits for workers, membeaf the public, patients and the
environment are given for different exposure situations

Also Council Regulation (Euratom) 2016/52n maximum permitted levels of radioactive
contamination of food and feed following a nuclear acaidies based on radiation protection dose
limits.

Looking into these regulations, several questionssa: What are these dose limits and levels based
upon? What models and epidemiological results haveen used to determine these dose limits?

Which experts are allowed to give input to the undging scientific discussions, and whose work is
neglected and why?

This study addresses the links between knowledfbealth effects and their reflection in Directive
2013/59/Euratom and Council Regulation (Euratom) 2016/6Rkvare of high relevance for radiation
protection.

Chapter 2 gives a short overvi@ivconcepts and methods for determination of dose an#.ri=or this
study we researched new insights in radiation health eff@ctscientific journals, publications from
relevant radiation protection organizations, and conferepceceedings. An overview of the results is
presented in chapter 3. In chapter 4 it will be detémed what health consequences are (not) taken

1 Over 2000 nuclear tests were carried out betweens.84d 1996 (https://www.ctbto.org/)
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into account in the above mentioned EU legislation, and vdoaisequences could arise. Conclusions
and recommendations are given.



2 Dose and riskt overview of concepts and methods

lonising radiation has many negative effects on human hedlthvertheless, humans cannot avoid
radiation altogether, as it results not only from artificemurces like nuclear facilities but also from
natural sources. To reduce these impacts, radiation proteci®ia scientific discipline is important
and like every science it has policy impacts, f.e.aalation protection legislation.

Two especially important concepts in radiation protection gmeconcept of doseand theconcept of
risk.

If radiation hits a human body, energy is absorbed. Tantjty this effect, theabsorbed doses used
with its unit Gray (Gy). 1 Gy equals the absorption obuleJper kg. The type of radiation that is
absorbed influences the effect in the human body. Theme the absorbed dose is multiplied with a
radiation weighting factor and results in tleguivalent dose Its unit is Sievert (Sv). This equivalent
dose is assessed for a tissue or organ, for exanopléé thyroid.

Theeffective doseresults from adding the organ doses which were weightéth another factor, the
tissue weighting factor. Its unit is also Sievert (S\)e tissue weighing factors represent the
contribution of the tissues/organs to the total effects of thedy. For example: the tissue weighting
factor for the thyroid is 0.04. So an equivalent dose ®tttyroid of, for example, 10 Millisievert (mSv),
is multiplied by 0.04 to determine its contribution tiee effective dose (10*0.04 = 0.4 mSv)

Radiation exposure does not only have an effect in the mdmehen the human body is
contaminated, but also in the time afterwards. Radioactive pasidan be inhaled or ingested and
remain for a certain period of time in the human metabwlisintil they are excreted or decayed. In
case of radioactive decay, radioactive daughter productsreault that also have an impact on the
human body. In radiation protection, such effects are taketo account by the so-called dose-
commitment For acommitted equivalent or committed effective dosevery yearly dose is summed
up from the start of contamination until the age of 70 (fdildren), or for 50 years (for adults).

All these doses are used for assessing individual radiagffects. In radiation protection, also the
collective equivalent or collective effective dodge of relevance. Summing up of all individual doses o
a defined population results in the collective doseerBfiore, the collective dose could consist of many
individual doses that are very small or a few higher iddial doses. It is disputed if and how the
collective dose should be used for assessing radiatsdnof large groups of populatiohsee chapter
4.11.4.

How can the received radiation be measured? Only sad&tion workers are wearing dosimeter to
measure external radiation. For all other people, radiatioses can only be assessed, meaning doses
have to be calculated based on models and assumptionsagsmssment of dose, the human body is
represented by several types of models. Amongst othensas to be known what happens to
incorporated radioactive particles during metabolism, theman cell repair mechanism are of
importance, and different radiation sensitivity of tissud=or modelling the effects of external
radiation, phantoms (nowadays computational or voxel phantoarg) radiated that are simulating
human bodies. For incorporated radioactive material moadélthe respiratory tract and the intestinal
tract are used. The effects of radiation on cells and tissare analysed in vivo and in vitro

Phantoms and models can provide us with an approach to yealitt they can only result in average
dose assessments with some uncertainties. Especially @eopb are not corresponding to the

2 In vitro: living tissue is taken from the body and analysed; in vivo: living tissue is analysed in the body (f.e. animal studies)
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idealized so-called reference person because they reifierently to radiation could receive higher
doses than assessed. Moreover, there do not exist vpkahtoms for pregnant women and the
foetus, nor for children of different age. (ICRP 2087, p69)

Radiation protection measures are based on assumed rekltips between radioactive
contamination and health effects. These relationships aréarleasily to determine. Only for high
radiation doses there is an increased likelihood deterministic effects (ICRP 103 2007, p. 96)
Deterministic effects occur if a dose of about 500 maSmore is received. The higher the absorbed
dose, the higher the damage. Severe deterministic heeftbcts are called acute radiation sickness.
This life-threatening disease will develop at absorbededax 1Grayor more. Symptoms are damage
of the blood production system, severe skin damage, dasag the intestinal tract and the immune
system. After the nuclear accident of Chernobyl acewydo the International Atomic Energy Agency
IAEA and the World Health Organization WHO (WHO 1996) beth&&and 143 persons have died
due to acute radiation sickness.

For stochastic radiation effectsthe risk of damage increases with the received dospedcially
important radiation health consequences are several typesaater. No threshold for the risk of a
health effect is known, therefore theNT-model (linearo-threshold)is the scientific model in use.

Although much is known about the health effects after @re to radiation at the 100 mG¢ Gy
dose range and high dose rates, the effectdosi-dose radiationstill leave many open questions
Debate continues about how to extrapolate radiation riskoat doses, the biological effectiveness of
low-dose radiation, and the effects of dose rate and exaé¢versus internal exposure.

Low-dose radiation research involves both experimental issiaf radiation effects on molecules,

cells, tissues, animal testing and observational studies @pulations (epidemiological studies).

Experimental studies help to understand the mechanismeliighlow-dose ionising radiation causes

damage and how the cells and tissues respond to that dammggielemiological studies are important

for assessing health effects and risk factors. But dafigdn the low and very low dose range it is often
difficult to prove a relation between dose and effece(fcancer). This is due to the facts that not all
cancer types are radiation induced, and there are mostly natyrncancer cases in absolute numbers
in a given population which can make statistical plausibitsy difficult. There are also a lot of other

known triggers for cancer (like smoking, socioecomoffi@gictors, genetic factors, environmental

S}AE]JveYXeX dZ JE (( S }v v @& precisely sepqmabld $rom radiation effects.
Another problem is the data base which is often not agpiate. For types of epidemiological studies
see the glossary in chapter 5.

On the other hand it should be mentioned that while statist&ighificance is important to assess the
results of epidemiological studies, also non-signifiaasults can be of relevance, especially for low
number of cases.

Risk factorsare used to assess incidence and mortality in a givenlptipn due toareceived defined
dose. These risk factors are based on experimental rekeand on results of epidemiological and
clinical studies. The amounts of such risk factorsdesputed t see chapters 3 andl



3 New insights in health effects of ionising radiation

Health consequences are a key issue for nuclear enétgglth effects, especially of low-level
radiation, are often difficult to prove scientificalwhich leads to disagreements of many scientist and
NGOs with international organizations like the InternatioGaimmission on Radiological Protection
(ICRP) that are still ongoing more than 30 years after therr@byl accident and more than 5 years
after Fukushima.

The ICRP is especially in the centre of critique beciggsisecommendations are used in EU radiatio
protection legislationt even though ICRP is no governmental body. AccordititetBSS-Directive, for
internal exposure the dose model of publication ICRPsh@aild be used. (Directive 2013/59/Euratom,
recitals 7, 9) And this ICRP publication does not censibults from epidemiological studies after
Z Ev} CoW A/v P v EoUS3Z % Ea AC: |wE4 S Gi=]viP} v ] v
the studies of the Japanese atomic bomb survivors witlovielip from 1958 through to 1998 for solid
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ICRP.

In this chapter, results fromp-to-date epidemiological studies on health effects of lewel radiation
after Chernobyl and Fukushima are discussed to complertteniCRP data and to evaluate the
conclusions ICRP has drawtsoup-to-date studies of nuclear workers, effects of medicglasures
and of natural background radiation are discussed.

3.1 Cancer

Cancer is one of the most important stochastic health effettenising radiation. Many studies were
made to analyse if ionising radiation is an agent for spé&geds of cancer, and on the dose-effect-
relationship. However, the ICRP states in its publicatighdn which the BSS-Directije ¢« W ~dZ
overall estimates of cancer risk attributable to radiatiopesure have not changed appreciably in the
% S i0 C E<X" ~/ ZWBUtisinteithaJpast Xixi@en years a lot of new evidence bas b
found that should be taken into account.

3.1.1 Solid cancer mortality and incidence

Cancer mortality from higher doses of ionising radiatéwa researched quite well, especially in the
LSS cohort of the Japanese atomic bomb survivors. But wésitmissing until recently are studies
about effects of low or very low protracting doses of igng radiation. To fill this gap, a big
international study onhuclear workershas been conducted. The INWORKS study investigated cancer
mortality among a cohort of 308,297 nuclear workerscli@rdson et al. 2015a) The workers were
mostly men (87%), and the men received 97% of the tatabdThey received an average cumulative
colon dose of 20.9 mGy. The estimated excess relative (BRR, see glossary) of mortality from all
cancers was calculated as 0.51 pe?,@yr solid cancers 0.47 per Ggmoking can be a confounder
for lung cancer, therefore the study authors estimated &$tR for solid cancers deaths without lung
cancer deaths, the ERR is 0.46 pet, Ghich was similar to the ERR for all solid cancer deaths.

3 (90% ClI: 0.23, 0.82), lagged by 10 years
4(90% CI: 0.18.79)
5(90% CI: 0.1D.85)
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Results show a linear increase in the rate of cancer witreasing radiation exposure. The estimated
association of dose and risk over the dose range of @Gy was similar in magnitude to that
obtained over the entire dose range but less statisticalgcjme. The study provides a direct estimate
of the association between protracted low dose expostweionising radiation and solid cancer
mortality. The study authors state that results are compatiith the extrapolation from acute high
dose to low chronic dose, which is a main underlyiggothesis of the current radiation protection.
(Richardson et al. 2015b) The study authors therefore extpat the so-called dose and dose-rate
effectiveness factor DDREF (see glossary) is not justfiee light of their findings. (Richardson et al.
2015b).

In summary, the INWORKS study is important for confirmdtiahlow, protracting doses also have
negative effects on health arttiat the DDREF of 2 that is used by ICRP is notfjadtany longer

Also for thecohort of the Japanese atomic bomb survivors (Lifespand3tlLSShew research results
were published recently for cancer mortality. (Ozasa €2@l2) For solid cancerisd additive radiation
risk (i.e., excess cancer cases per 10,000 persoms-yearGy) continues to increase throughout life
with a linear dose-response relationship. The sex-avetageess relative risk per Gy was 6 #2 all
solid cancer at age 70 years after exposure at age 30 basedinear model. The risk increased by
about 29% per decade decrease in age at exposure. Important inghidy is that the estimated
lowest dose range with a significant ERR for all solidecamas 0 to 0.20 Gy, and a formal dose-
threshold analysis indicated no threshold. This is annaéfiion of the LNT-model and means that
every, even very small, radiation dose can cause a negffieet, there is no safe dose.

In table 1, ERR per Gy for solid cancer deaths are comparé@RP, the recent results from LSS and
the INWORKS study.

Table 1: Comparison of ERR per Gy for solid cadeaths

Men Women ‘
ERR per Gy Cl ERR per Gy Cl
ICRP 103 (2007 0.35 0.58
table A.4.8)
Ozasa et al. 201. 0.31 95% (0.21-0.42) 0.66 95% (0.52-0.80)
(LSS)
Richardson et al. 0.47 90% (0.18-0.79) -

2015a (INWORKS)

The ERR of the INWORKS study is higher than the onenusgldR? 103, and also higher than the ERR
from Ozasa et al. (2012). Even though the confidenterials overlap, this effect should be taken
seriously and result in the annulment of the DDREF asweended by the authors of the INWORKS
study. This is especially important because the BSS-Deaddies the ICRP risk factors and therefore
the DDREF.

6 (95% CI: 0.39.53)
7(95% Cl: 17%, 41%)
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Previously reported increase in the incidence of scéidcers and leukaemia due to radiation from the
Chernobylaccident in the exposed populations continues to be $tigated. In particular, a Chernobyl
cohort of 530,000 registered recovery and clean-upragien workers (liquidators), who received
doses ranging from 20 to 500 mSv in 1986-1990,irgghelosely followed up for potential risk of cancer
and other diseases. (WHO 2016)

3.1.2 Leukaemia and lymphomas

Leukaemias the umbrella term for different types of cancerstiloé blood cells, which are forming in
the bone marrow. Different types of leukaemia dependtba type of blood cell that develop cancer.
There are chronic and acute types. The four common tygresChronic Lymphoblastic Leukaemia
(CLL), Chronic Myeloid Leukaemia (CML), Acute Lybtgstic Leukaemia (ALL) and Acute Myeloid
Leukaemia~ D>+X Z]keukBemieris mostly of the acute tydeymphomasare blood cell tumors
developed from lymphocytes. They can be cancerous.eSyare Hodgkin and non-Hodgkin
Lymphomas.

It is well known that leukaemia can be caused by highatimeh doses (based on analysing the
Japanese bomb survivors), but the effects of low d@sesstill disputed. Also it was believed that CLL
is not radiation induced. New studies, which will bedduced below, show that also low, protracted
doses increase the risk of leukaemia, and that CLL cabalsaiation induced.

A nested case-control study was conducted within cohoftShernobylliquidators from Belarus, the
Russian Federation and the Baltic countries who had workd®&6-87 around the Chernobyl plant.
(Kesminiene et al. 2008) Most cases received verydoses to the bone marrow (median 13 mGy).
For all diagnoses combined, a significantly elevated oalils (OR, see glossary) was seen at doses of
200 mGy and above. The ERR per 100 mGy wa$ 0166 corresponding estimate for leukaemia
excluding CLL was 080The authors state that this ERR is slightly higher than, tatistically
compatible with, those estimated from a-bomb survivors aadent low dose-rate studies.

Risks of most types of leukaemia from exposure to acigé doses of ionising radiation are well
known, but risks associated with protracted exposures, el & associations between radiation and
chronic lymphocytic leukaemia (CLL), are not cleagréfare, another nested case-control study of
leukaemia was conducted in a cohort of Ukrainian liquidatgRomanenko et al. 2008) The cases
received a mean bone marrow dose of 76.4 mGy. The ERRableukaemia was 3.44 per 8yThe
increase in leukaemia risk was significant and sinmlanagnitude to the estimate from the Japanese
atomic bomb survivors. The data indicated elevated riekddth CLL and other types of leukaemia
Therefore the study was extended through 2006, with amaoubling of the number of leukaemia
cases. Results of the extension are reported from Zakdogslal. (2013). Analysed were all cases of
leukaemia that have been diagnosed between 1986 and 20066 .controls were matched by age and
place of birth. Individual radiation doses were estimated the bone marrow. For CLL, the ERR/Gy
was 2.58 and for non-CLL, ERR/Gy was 2.2together, 16% of leukaemia cases (18% of CLL, 15%

8 For more explanations see f.e. http://www.leukaemiacarg.uk/leukaemia - but be aware that on this webshere is still the assumption
that only high doses of radiation can cause leukaemia.

9 (QO%UCIW >iXiTU TXife
10(909%CI> i Xi6U AX6e
11959 CI: 0.4D.78) p<0.01
12 959% CI: 0.02, 8.43)
1395% CI: 0.05, 7.61)
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of non-CLL) were attributed to radiation exposure. Bagethes primary analysis, the study concluded
that both CLL and non-CLL are radiosensitising the age-specific incidence rate of CLL amung

in Ukraine for 2003, it was estimated that the number of €des diagnosed in the analysed cohort
over the period of 20 years after the accident was 608hén than what would be expected for the
general male population of Ukraine.

A Japanese online media platform published on Aufj, ZD16 that already two workers who
developed leukaemia after clean-upfRnkushimawere entitled to workers compensatiottsThe first
man received a dose of about 16 mSv, the second manafteist.4 mSv. Additional applications for
compensations are expected.

The above mentionednternational Nuclear WORKerstudy (INWORKS) analysed effects of low,
protracted or intermittent doses on cancer mortality. Onfetloe publications of the INWORKS team
shows new insights into mortality by leukaemia and lymphao (Leuraud et al. 2015) In this study,
308,297 nuclear workers from three different countrié&ance, USA and UK) were included in an
international cohort study. The workers have been moretbfor external exposure to radiation with
personal dosimeters and followed up for up to 60 yeadtsr exposure. The association between their
bone marrow doses and mortality due to leukaemia anddiioma was studied. The ERR of leukaemia
mortality (without CLL) was 2.96 per’&myostly tributed by chronic myeloid leukaemia. As the aush
state, this study provides strong evidence of positiveoagations between protracted low-dose
radiation exposure and leukaemia

The German Bundesamt fir Strahlenschutz (BfS) commemtéhe results of the INWORKS sttfdy
The BfS argued that only for doses from 50-100 mS\fisegm ERR was found, and in case of
leukaemia only for the CLL subtype. The BfS recomntehather research.

Nevertheless, also at doses lower than 50 mSv thereiderve for leukaemia risk. The studies of the
Chernobyl liquidators cohort show that CLL is also radiatidnced This should not be neglected by
waiting for further studies, but be reflected upon inetlBSS-Directive by using lower dose limit in all
protection situations.

Discussion about childhood leukaemia see chapter 3.1.5

3.1.3Thyroid cancer

Radioactive iodine is one of the first radionuclides redeldsy a nuclear accident. If inhaled or ingested
it will accumulate in the thyroid gland and increase ttek 10f thyroid cancer.

An increase in thyroid cancer became evident a few yaétes Chernobylin parts of Ukraine and
Belarus. The physicist and radiation biologist Lengfedaier radioecologist Frenzel reported a more
than 30-fold increase in thyroid cancer in children @taBus already at the end of 1990 compared to
the long-term mean value before 1986. (Lengfelder anen&el 2006) But in the report of the
International Chernobyl Project in 1991, the InternatioAémic Energy Agency (IAEA) still tried to
downplay this health effeét.

In the UNSCEAR Scientific Annex for Chernobyl effe®SCEAR 2011, p. 148) an overview of
epidemiological studies on thyroid cancer is given. d@bbtudies and case-control-studies show

14 The Asahi Shimbun, 20. Aug. 2016

1590% CI: 1.17, 5.21), lagged 2 years

16 http://www.bfs.de/SharedDocs/Stellungnahmen/BfS/2N15/08-03-inworks-study.html, seen 24 Feb 2017
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excess relative risk (ERR, 95% CI) of 1.65 to 4B@ype=cological studies of 4.4 to 67.8. Women are
more at risk than men. Increases have not stoppeddoy.n

Also Cardis and Hatch (2011) made an overview of studidsywoid cancer that have been published
until 2011. In their findings they stated that from the avaléabata, it appears that in the case of
external radiation thyroid cancer risk following 1-131 espre from Chernobyl decreases with
increasing age at exposure. The excess post-Chertiojogiid cancers that are now occurring arise
primarily in young adults who were exposed at youngsagéhis, together with the more modest
ERRs/Gy reported for exposed adults, suggests thebggposure effect is likely to be real.

Both Belarus and Ukraine have reported continuing increasésyroid cancer incidence for all ages
and both genders. Although dose was not directly taken adcount in either case, in Belarus greater
increases were found in areas with higher exposurehter@obyl fallout. Thyroid cancer occurs more
often among females than males.

A prospective cohort study, involving individual doséireates and serial screening examinations of
children and adolescents in Ukraine through 2007, fonndvariation in radiation risk by time since
exposure (Brenner et al. 2011) I-13felated thyroid cancer risks persisted for two decadesraf
exposure, with no evidence of decrease during the obetion period. The radiation risks, although
smaller, were found to be compatible with those of refpestive and ecological post-Chornobyl
studies.

Also in a study of cancer rat@s liquidators, evacuees and inhabitants of a highly contamuhate
Ukrainian region significant excess of thyroid cancerfaasd. (Prysyazhnyuk et al. 2014) The authors
explain that the increase of thyroid cancer incidence wagstered not only in children, but also in
adolescents and adults. Appearance of excess thyroid caases as an effect of radiation exposure
tends to increase during the time.

In his update of the TORCH report, lan Fairlie cited twrerstudies that showed a long latency period
for thyroid cancer (Fairlie 2016): Before the Chernamdident, the principal source of information

about radiation-induced thyroid cancer in children wereds&s in which children had been exposed
to external X-rays for medical reasons. A survey ofah@on et al. 1995) showed that the thyroid
cancer risk was still increased more than 40 years afteimitial exposure. A study of thyroid cancer

incidence in the survivors of the Japanese atomic bofhibaizumi et al. 2006) found a significant

dose-response relationship still existing nearly 60 yaéter exposure. The authors also observed that
the effects were much greater in those exposed at yasrages.

In 2016, the first study about thyroid cancer aftarkushimawas published (Tsuda et al. 2016). After
the accident, the Fukushima Prefecture performed ultragbthyroid screening on all residents aged
Gio6 C in@arch 2011. The first round of screening inclu@®8,577 examinees. A second round
for residents who were born between Apr 2011 and Apt2 began in April 2014 and was completed
in March 2016. Tsuda et al. analysed the Prefecturelt®$tom the first and second round up to

December 31, 2014, in comparison with the Japanese arinc@ence and the incidence within a

reference area in Fukushima Prefecture. As a resul titeserved the highest incidence rate ratio,
using a latency period of four years, in the central rfedtistrict of the prefecture compared with the

Japanese annual incidence (incidence rate ratio'®) 50he prevalence odds ratio compared with the
reference district in Fukushima Prefecture was'2.B the second screening round, even under the
assumption that the rest of examinees were disease freeinaidence rate ratio of 12 has already

18 959 CI: 25, 90)
19 (95% CI: 0.99, 7.0)
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been observedf. As conclusion it can be said that an excess of thyroicerdras been detected among
children and adolescents in Fukushima Prefecture withim years of the release, and is unlikely to
be explained by a screening surge.

In 2017, IPPNW analysed results from the completedracound. They found an incidence rate of
8.1 thyroid cancer cases per 100,000 children per yBafore Fukushima, this incidence rate was 0.3
cases per 100,000 and per year. (IPPNW 2017) In gt @rst worker of TEPCO with thyroid cancer
has been acknowledged to have gotten the disease duggtavork in NPP Fukushifhalhe man will
receive compensation.

3.1.4 Breast cancer

Besides thyroid cancer and leukaemia which are discuabege, breast cancer as a type of solid
cancer is a main causé death for women.

Cardis et al. (2006) published a review of knowledgmiabreast cancer afte€hernobyl The authors
concluded that several studies showed increases but lagkiedmation about dose levels. This gap
was closed by an ecological study investigating dosedrameases in breast cancer in Belarus and
Ukraine in age-cohorts in differently contaminated regioffukkala et al. 2006) A significant two-
three-fold increase in risk was observed during theiguk 1997t2001 in the most contaminated
districts (average cumulative dose of 40.0 mSv or mompared with the least contaminated
districts. The relative risiRg in Belarus was 2.24and in Ukraine 1.78 The ERRs seen in those areas
were much higher than expected in comparison to th& k&sults: 120% in Belarus and 80%oin
Ukraine; these are, however, very uncertain as they aredasesmall numbers of cases (34 in Belarus
and 22 in Ukraine) The increase, though based on a relatively small numberasés, appeared
approximatelyten years after the accident, and it was highest among womba were younger at
the time of the accident. The authors also state that it iskeyi that this excess could be entirely due
to the increased diagnostic activity in these areas.

These results are supported by a case-control study anymugg Ukrainian women exposed by
Chernobyl. (Khyrunenko et al. 2011) Women investigatece up to minus 9 months (in ui@rto 18
years at the time of accident. For each case and comtinplin contaminated territories the individual
accumulated dose of irradiation was estimated. The odds ratalsulated from the case-control
comparisons are indicative of a relationship between atidh dose and the development of breast
cancer.

Another descriptive epidemiological study of clean-upkeos from Ukraine, evacuees from the 30km
zone and residents of the most contaminated areas of thealdkrwas carried out. (Prysyazhnyuk et
al. 2014) Significant excess for breast cancer was reveahemg female clean-up workers.

Because of a longer latency period there are no data feast cancer caused ukushimaavailable
by now.

20(95% € 5.1, 23)

2t http://www.spreadnews.de/fukushima-aktuell-erster-akarbeiter-mit-schilddruesenkrebs-anerkannt/1151520¢es 24. Feb 2017
2295% CI: 1.58.32)

23(95% CI: 1.02.93)

24 (95% CI: 50%, 230%)

25 (95% CI: 10%, 190%)
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The question if breast cancer can also result freonmal operation of NPPsvas investigated by C.
Busby. (Busby 201pHe studied breast cancer because in contrary to childnealaemia an excess
risk caused by ionising radiation is better detectableduse of higher background rates (150 breast
cancer cases per 100,000 in UK) and of a bigger siyuiylgtion at risk (age 45-75). Busby examined
the risk of breast cancer mortality between 1995 and 200Wards adjoining the estuary of the River
Blackwater in Essex, UK, where radionuclide contaminatim be measured in muddy sediment and
other material, derived from discharges from the Bradwalclear Power station. Estuary wards were
compared to inland wards using social class adjusted ¢ggammbers based on national mortality
rates for the period. Results showed a significant effeith welative risk for the River Blackwater
Estuary vs. the other wards with RR =4 In addition, Busby compared the contaminated Blackwater
wards to the wards of the River Crouch which he defiasthon-contaminatedComparison with this
ward showed also RR =2.1

These results show that breast cancer is not only caugecdioactive contamination but can even
occur at low doses such as doses caused by effectsrofai operation or well below 100 mSv like in
the study of Pukkala et al. (2006.). Breast cancer calslnibe caused by normal operation of NPPs. To
provide for better radiation protection, such resultsosild lead to lower dose limits and levels (for all
three protection levels: planned situations, emergencpasure and existing exposure) in the BSS-
Directive.

3.1.5 Childhood cancer including leukaemia

Recent studies about childhood canteespecially about leukaemia, provide new evidencériking
even very low doses to the embryo/foefi®r children in their first years of life to increasesancer.

3.1.5.1 Childhood cancer resulting from Chernobyl

In 1996, a Greek study was published that showed arease in childhood leukaemia in children
(Petridou et al. 1996). This study was important becauseathtbors found a significant increase of
the incidence rate of 2.6%in children who were prenatally irradiated (born betwe@si-1986 and-
12-31-1987) compared to the prenatal narradiated children. This control group included children
who were born between 1-1-1980 ad@-31-1985, and 1-1-1988 unti2-31-1990. Especially children
from regions that were contaminated with Cs-137 above Iy/kB showed an increase. For
comparison: In Austria, the mean surface contamination a@teernobyl was 37 kBq Cs-137/m
contamination of 1 kBg/rhhas occurred all over Europesee figure 1.

26 (Ct 1.22, 2.3% p = 0.0015

27(c11.12, 3.98), p = 0.018

28 Thyroid cancer in children see chapter 3.1.3

29 Afoetus is an embryo after the development of intehmagans (9th week of pregnancy)
3095% CI; 1.45.1), p= 0.003
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Figure 1: Surface contamination with Cs-137 in Ele¢@AEA 2006)

Newer epidemiological studies also found increasesskfor children who were in utero or younger
than six years when the contamination from Chernobyl oaxlir(Davies et al. 2006) The mean bone
marrow dose was estimated below 10 mGy. In the Ukrarggnificant leukaemia increase was found,
in Belarus a non-significant increase and no increasieeitontaminated parts of RussiBhe excess
relative risk at 1 Gy (ERR/Gy) was estimated for eachbliepand all republics combined. For all
republics combined the estimated ERR/Gy was 32.4. Th&GSERRS much larger in Ukraine (78.8)
compared with Belarus (4.1) and Russia (4.94). Clsweeyewide and overlapped.

A case-control study was conducted among children aged 02 @&+ ]Jv $Z hIE v [-
contaminated regions. (Noshchenko et al. 2010) The aitheoftudy wasto analgsSZ  Z]o & v [
of acute leukaemiaThe children were diagnosed with leukaemia betwd®87 and 1997 and were
resident in the contaminated region. Four dose-rangeugis were selected for statistical analysig (O

2.9 mGy, 39.9 mGy, 1@99.9 mGy and 10t813.3 mGy). The risk of leukaemia was significantly
increased, ERR was #£.d4mong those with radiation exposure doses higher than GynThe risk was
increased particularly for acute myeloid leukaemia.

In 2009, C. Busby published his work on childheaéldemia after foetal exposure with very low dose
after Chernobyl (Busby 2009). He studied children whoe born between 1980 and 1990 in Greece,
Germany and UK, assuming a similar model like Petridal €1996). The exposed cohort included
children born between 1 July 1986 and 31 Dec. 198#s period was chosen because internal
exposures of the mothers could be detected via whobdehp counters until spring 1987. All other
children were included in the non-exposed cohorte HRR was 1.2#3and significant. The mean foetal

31 95%Cl: 1.4, .0), p=0.01
32 (95% CI: 1.13, 1.80)
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dose was calculated 0.067 mSv. Because the ICRP didpaat significant increases for such very low
doses, the author questions the ICRP dose model.

3.1.5.2 Childhood cancer from normal operation of NPPs

Even the event-free routine operation of nuclear powéarnis leads to discernible health effects in
the surrounding population. Childhood leukaemia and otftgms of childhood cancers show higher
incidence rates in populations living in the vicinifynoiclear power plants, with a clear correlation
between cancer risk and the distance to the plant. Thergjest evidence comes from the German
KIKR® study (Kaatsch et al. 2007), with consistent results inistuftom Switzerland (Spycher et al.
2011), France (Korblein and Fairlie 2012) and the Ulke(Bat al. 2008; COMARE 2011).

A pattern of epidemiological evidence world-wide nowlearly indicates increased leukaemia risks
near nuclear power plants (NPPlLaurier and Bard (1999) and Laurier et al. (2008) exanihe
literature on childhood leukaemia near NPPs world-wiResult: over 60 epidemiological studies
world-wide have examined cancer incidences in chiidnear NPPs. An independent review of these
studies showed that most of them (>70%) indicate leukaamieeases (Fairlie 2013; Fairlie 2014).

The above-mentioned 2008 KiKK study commissioned b@#mman Government found relative risks
(RR) of 1.6 in total cancers and 2.2 in leukaemia ambitdren under the age of 5 years living within
5 km of all German NPRas this study, the environments of all German NPP wemaréned between
1980 and 2003; equivalent cases outside this area werdedas controls (Spix et al. 2008).

The KiKK study has retriggered the debate as to the cgusk{kese increased cancers. Yet many
Governments of nuclear countries and the nuclear industfyte these findings and continue to resist
their implications.

Increased childhood leukaemia near NPPs has been ardanis issue for several decades. As a result
of these findings, governments in France (Segedgaure et al. 2012), Switzerland (Spycher et al. 2011)
and the UK (COMARE 2011) hurriedly set up studies neotlvn NPPs. All of them found leukaemia
increases but because their numbers were small thesimegsare not of statistical significance.

Korblein and Fairlie (2012) combined datasets in a metdysto get larger numbers and, thus, reach
higher levels of statistical significance. They poolesidata of acute leukaemia in children under 5
years within 5 km of NPPS from four studies (see=ta)l

33 KIKKKinderkrebs in der Umgebung von Kernkraftwerken;.e@ildhood Cancer in the Vicinity of Nuclear PoRlants.
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Table 2 Studies of observed (O) and expected (E) leukaemesaaishin 5 km of NPPs (Kérblein and

Fairlie 2012)
Observed Expected (E) SIR=0/E 90% CI p-value

©)
Germany 34 24.1 1.41 1.04-1.88 0.0328
Great Britain 20 154 1.30 0.86-1.89 0.1464
Switzerland 11 7.9 1.40 0.78-2.31 0.1711
Francé 14 10.2 1.37 0.83-2.15 0.1506
Pooled data 79 57.5 1.37 1.1311.66 0.0042

aderived from data in Spycher et al. (2011).

b acute leukaemia cases

This table reveals a highly statistically significant 37¥ease in childhood leukaemia within 5 km of
almost all NPPs in the UK, Germany, France and Switzefand, there is a very clear association
between increased childhood leukaemia and proximityNBPs. The question remains open what
is/are the reason(s) for this.

The authors of the KIKK study stated that a dose of 2&wnecessary for the observed leukaemia
rate, i.e. more than a thousand times the actually receivecedé=airlie shows that the discrepancy
can be explained. A suggested hypothesis is that the asex cancer incidence results from radiation
exposuresof pregnant women near NPPs. An explanation may be that divees spikes in NPP
radionuclide emissions are significantly larger than thesémated by official models which are
diluted through the use of annual averages. In additiorksri® embryos/foetuses are greater than
those to adults and haematopoietic tissues appear more ragfisisive in embryos/foetuses than in
newborn babies* The product of possible increased doses and possibleased risk per dose may
provide an explanation. (Fairlie 2014)

After several recent European studies found disturbinigslibetween childhood cancer and kids living
close to nuclear plants, the US Nuclear Regulatory Conomi®diRC contracted with the National
Academies of Sciences (NAS), a separate agency, tmdesiodern scientific assessment in 2010. The
NRC spent five years and $1.5 million on the project figefdbandoning it two years ago. Expecting

§Z & v}8Z]vP A}uo (Juv U EZ }((1d 03 ifde3] &P iShorya 2G57X

34 Fairlie gothis E% 0 v §]}v (E}u $Z } » EA &]}v J¢ & </<<3ofp QWEZ AmbEyonal & o]X X 1]« AGE
born either with solid cancers or with pre-cancerdissues which, after birth, developed into full-blowumours: this actually happens with
leukaemia as well. (Fairlg014)

35 This study design is much more rigorous than wtest done in Europe, and the NAS was the first to admwis a complicated endeavou
that would take an enormous amount of work. The NASIlidrack not just geography and cancer incidence,ais radiological releases
from the plants themselves, and see if there was anyeanorrelation. According to the NAS, a pilot stoflgeven of sites would take 39
months and cost $8 million, and those results wouid necessarily extrapolate out to all nuclear sitesidgtng them all would take many
more years, and many more millions, officials said. fiéed of the aborted study at the NAS criticized thesision and exp Jv. = ~z}p }
not know whether the study wid (Jv  ¢}u SZ]vP pvo ¢« C}lp } $Z +Spu CX_
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3.1.5.3 Childhood cancer from natural background radiation
Two recent studies show the high radio-sensitivity lifdren®:;

A Swiss study investigated childhood leukaemia and lymmezh caused by natural background

radiation from terrestrial gamma and cosmic rays. (Spyéeheal. 2015) A nationwide census-based

cohort study was conducted for children < 16 yearsd@dland 2000, with follow-up until 2008 The

study found evidence of an increased risk of cancerragahildren exposed to external dose rates of
background ionisingE ] §]}v }( HTii VAAIZ ~iX6A urAl « Ju%SEDIE) BYAZ A%
(0.88 mSv/a). Theincrease®E ]+l u}vP Z]Jo E v A %}e 3} Z+}uBhe3E HE} Y2l
exposed to <100 nSv/h for leukaemia was hazard ratio €-8)45,

Kendall et al. (2013) conducted a large record-based castrel study testing associations between
childhood cancer and natural background radiation. Case442Yborn and diagnosed in Great Britain
between 1980 and 2006 and matched cancer-free con{{@s793) were from the National Registry
of Childhood Tumours. The mean cumulative red bone ovaRBM) equivalent dose from gamma-
rays and radot#f combined over the period from birth to diagnosis foe first controls is 4.0 mSv with
a range from zero (for those diagnosed at birth) up towt®l mS\v° There was 12% excess relative
risk (ERR) of childhood leukaemia per mSv of cumulative RBM dom@ gamma radiation. The
authors concluded: The results of the study contradict idtea that there are no adverse radiation
effects, or might even be beneficial effects, at thesey low doses and dose-rates.

3.1.5.4 Childhood cancer from medical exposure

The same logic as abovdocusing on subgroups of the population in which theessive relative risk
of cancer after radiation exposure is supposed to bgdatv applies to two more recently published
epidemiological studies of cancer risks associated pattiiatric exposure to computed tomography
(CT) scans, both of which had a relatively short meanviellp of about 10 years. (Mathews et al.
2013; Pearce et al. 2012) The relatively short followaftpr pediatric exposure permits detection of
radiation-induced cancers with short latency while exatgdinvestigation of those cancers that may
appear at later ages. Both of these studies had large cohortishaiih showed a statistically significant
association between the number of CT scans and increeaercer risk. Although CT scans are very
useful clinically, potential cancer risks exist fromoasated ionising radiation, in particular for children
who are more radiosensitive than adults.

Mathews et al. (2013) reported a statistically significantedossponse relationship over the range of
zero to more than three CT scans, and the cancer incidesteeratio increased by 0.1%6for each
additional scan. Mathews et al. (2013) derived directreates of the increased cancer risk after CT
scan exposure by comparing cancer incidence in ov@j068 people exposed to CT scans at ages O-

36 Note: none of the two investigations takes into acabthe genetic risks resulting from the parents' ratifin or the exposition in utero,
although this would be required according to Schnfigaserhake et al. (2016). (See chapter 3.2).

37 on average, natural terrestrial radiation contributedr®Byv/h, cosmic radiation 45 nSv/h and artificial tetrie radiation 8 nSv/h.
38 9506 CI: 1.11, 3.74)
390n average, radon contributed about 10% of the RBMwedgent dose, although contributions were very varablith a range 1% to 80%.

4079 compare the risk estimates from this study wtlblished estimates, it was necessary to calculate dts#e target tissue in question,
and if the risks from gamma-rays and radon are to be emachtogether doses from both sources must be calmd on the same basis.
This could be done only for leukaemia, for which thkevant quantity is the (RBM) equivalent dose.

41(95% CI 22), two-sided P=0.01
42(95% CI: 0.13, 0.19)
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19 years with cancer incidence in a comparison cohoowvef 10 million unexposed persons of similar
age. The mean duration of follow-up after exposure way 6 years.

60,674 cancer cases were recorded, including 3,158M211 people exposed to a CT scan at least
one year before any cancer diagnosis. Overall cancieteince was 24% greater for exposed than for
unexposed people, after accounting for age, sex, arat wé birth (incidence rate ratio (IRR) 124
The IRR increased significantly for many types of satider (digestive organs, melanoma, soft tissue,
female genital, urinary tract, brain, and thyroid); leukaepniggelodysplasia, and some other lymphoid
cancers. The average effective radiation dose per s@mestimated as 4.5 mSv.

Pearce et al. (2012) aimed to assess the excess tisldkaiemia and brain tumours after CT scans in a
cohort of children and young adults. In a retrospectiodart study, the authors included patients
without previous cancer diagnoses who were first exadiwith CT in National Health Service (NHS)
centres in England, Wales, or Scotland (Great Britainydex 1985 and 2002 when they were younger
than 22 years.

They noted a positive association between the radiatiosedrom CT scans and leukaemia with an
excess relative risk (ERR) per mGy of 390a6d brain tumours 0.023 Compared with patients who
received a dose of less than 5 mGy, the relative riskeokaemia for patients who received a
cumulative dose of at least 30 mGy was 2kd the relative risk of brain cancer for patients who
received a cumulative dose 60-74 mGy was 2.82 Pearce et al. (2012) concluded that in children
the use of CT scans that deliver cumulative doses oftab@mGy might triple the risk of leukaemia,
and doses of about 60 mGy might triple the risk of b@incer?®

3.1.5.5 Childhood cancer resulting from in-utero medicalsure and preconceptional exposure

A study of childhood cancers after in-utero medical diaggitcoimaging shows an excess relative risk
among the exposed subjects, because they were exposedaitical point in their development.
Indeed, Doll and Wakeford (1997) detected a signifiéacrease in childhood cancer risk for a mean
dose of about 10 mG¥.

The results from this large study and others showing an@ston betweenin-utero exposure and
cancer risk in childhoodlARC 2012) are widely accepted and have changed medacdice related
to exposure of pregnant women to ionising radiation.

But also cancer in children after preconceptional low-des@osure of parents (occupational or
medical exposure) has already been found in severalasudihey are listed in Schmitz-Feuerhake et
al. (2016), among them:

McKinney et al. (1991) found a 3.2-fold increase inkdemia and lymphomas in children of
occupationally exposed men in three British regions éase-control study.

43(95% ClI: 1.20, 1.29), P<0.001

44 (95% ClI: 0.009.120;), p=0.0097
45 (95% ClI: 0.010, 0.049), p<0-0001
46 (959% Cl: 1.46, 6.94)

47 (95% ClI: 1.3%5.03)

48 Because these cancers are relatively rare, the cumelatdsolute risks are small: in the 10 years afterfttst scan for patients younger
than 10 years, one excess case of leukaervia }v. A& ¢ ¢ }( & v SpulpE % &-i]#iabekfto occdr.

49 Note that the absolute risk of childhood cancelois, even among those exposed in utero.
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In 1984, an exceptionally high level of leukaemia caseshildren and juveniles was reported in
Seascale, near the nuclear reprocessing plant in Sédlafigk). The authors explained this as a
hereditary effect, because the fathers of the patients had keakrin the plant (Gardner et al. 1990).
The authorities argued that the doses were too low to bagibly responsible for such effects. The
effect, however, had been described in principle alle@n experimental studies (Nomura 1982), and
also after X-ray diagnostic exposures. (Genetic and teeaiogeffects are further discussed in chapter
3.2)

3.1.5.6 Conclusions for childhood cancer including leukaemia

A pattern of epidemiological evidence world-wide nolwaely indicates an increased leukaemia risk
near nuclear power plants (NPP). Furthermore, recent issigdoncerning childhood cancer from
natural background radiation and medical exposure indicate higd radio-sensitivity of children.
Studies about leukaemia risk for unborn and very youhtden show significant increases in
leukaemia risks for foetal exposure to the Chernolayitamination.

The ICRP emphasised that the limited data from the atomiotbsurvivors suggest that the lifetime
cancer risk from in-utero exposure may be similathat from exposure in early childhood. However,
the ICRP also stated: given the limitations of the availdhta, the ICRP has not attempted to derive
a specific value for the nominal coefficient for lifeaé cancer risk after prenatal exposufdhe ICRP
emphasizes that there are uncertainties in the risk of radrainduced solid cancers following in-utero
exposure. Nevertheless, the ICRP considers that itudemt to assume that life-time cancer risk
following in-utero exposure will be similar to that folmg irradiation in early childhood, i.e., at most,
about three times that of the population as a whole (=1686 Sv). (ICRP 2007)

In the light of the depicted studies there is consideratdeibt whether the risk for the embryo/foetus
and very young children is not more than three times bigthan the risk for the overall population.
Especially for embryo/foetus this ICRP assumption sdenbe insufficient.

3.2 Genetic and teratogenic effects

Subsequent to nuclear accidentgratogenic effectshave been observed, evén those who were
only exposed to low or very low levels of radiatiBusby et al. 2009; Korblein and Kiichenhoff7199
Kdrblein 2003, 2004b)

The ICRP judges that, followipgenatal (in-utero) exposure, a) cancer risk will be similarthat
following irradiation in early childhood and kB threshold dose exists for the induction of
malformations and for the expression of severe mental rd#ion. It is explained that the risks of
tissue reactions and malformation in the irradiated embryo #oétus have been reviewed in
Publication 90 (ICRP 2003). In respect of the induafonalformations, the new data strengtheneth
view that there are gestational age-dependent patterndgrofitero radio-sensitivitywith maximum
sensitivity being expressed during the period of maj@anogenesis. On the basis of animal data, it is

50 The largest case-control study of cancer after inrautieradiation, the Oxford Study of Childhood Cand@SCC), found that radiation
increased all types of childhood cancer by approximatedysame degree. The second largest study showadyer relative risk of leukaemia
than for solid tumours, while several cohort stuslief in-utero radiation found no clear evidence of editin-induced childhood cancer. The
OSCC data suggest that cancer induction is at led#teds following exposure in the first trimester aslater trimesters. From the data
published to date, it is not possible to determitissue-weighting factors in order to define canceskrin different tissues and organs.
Adequate human in-utero exposure data are not availabldetine the dose and dose-rate effectiveness factorREB) for low-LET radiation
or the RBE values for neutron or other high-LET raxfiat (ICRP 2007)
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judged by the ICRP that there is a true dose threshol@rofind 100 mGy for the induction of
malformations.

According to ICRP, the new data also confirm embryonscegiibility to the lethal effects of
irradiation in the pre-implantation period of embryonicddopments. But according to the ICRP at
doses under 100 mGy such lethal effects will be w&rgquent.

However, Korblein (2011) states that the ICRP threstioke of 100 mSv of teratogenic effects has to
be given up. He argues that the mortality rate of new-b@perinatal mortality) was increased in
Germany in 1987, the year after Chernobyl, compared wighttend of the years 1980-1993. Also in
Poland and Eastern European countries, significant peaksrafatal mortality and stillbirths were
found in 1987.

Medical exposure in utero cannot only cause leukaemia eadcer (see chapter 3.1.5), but also
perinatal mortality, congenital effects etc. Studies have alsmwvn that in-utero exposure of the brain
to ionising radiation leads to impaired cognitive develamn (Hall et al. 2004; Heiervang et al. 2010).

Recently, Kdrblein noticed a 15% drop, which is stadijitiighly significant, in the numbers of births
in FukushimaPrefecture in December 2011, i.e. nine months after aleeident. This might point to
higher rates of early spontaneous abortions. Also, a &ta#illy significant) 20% increase in the infant
mortality rate in 2012 was observed, relative to the Idegn trend in Fukushima Prefecture plus six
surrounding prefectures. These are indicative rather thafinitive findings and need to be verified
by further studies. Unfortunately, such studies are nogaly their absence. (Fairlie 2015)

All the congenital malformations (CM) effects arewsed by mutation of DNA whether in the pa-
rental germ cells and precursors or from implantati to birth. The question of germ cell damage in
parents or in utero damage to development, thougmportant, is not to answer yet.

Exposure of the germ cells (gonads) can cause mutatiotigeigenetic material which may result in
heritable diseasén the offspring of the exposed persons. Heritabledses are expressed in children
and further generations as malformations, metabolic malfiorcs, immune deficiencies etc.

Most serious effects of ionising radiatidrhnereditary defects in the descendants of exposed creature
t had been already detected in the 1920s by Herman Joktpler. He exposed fruit flies (drosophila)

to X-rays and found malformations and other disorders i@ thllowing generations. He concluded

from his investigations that low dose exposure, and tlere even natural background radiation, is

mutagenic and there is no harmless dose range for heritatilects or for cancer induction. His work

was honoured by the Nobel Prize for medicine in 1988hmitz-Feuerhake et al. 2016)

According to ICRP 103 (2007), radiation-induced heritdidease has not been demonstrated in
human populations but there is substantial evidence frommalistudie$! of heritable damage to
germ cells (ova and spermatozoa) as well as their precwslls. Therefore, the ICRP prudently
continues to include the risk of heritable effects ingystem of radiological protection.

But the estimate of genetic (heritable) risk from radiatioss been substantially revised as a result of
both new information that has become available and the wairkkCRP during the interim. It has to be
noted: the new ICRP 103 is only based on studies publishelhtes as 2001.

The risk of heritable effects in the whole population asated with gonadal dose is now estimated to
be around 20 cases per 10,000 people per Sv, rather #izut 100 cases per 10,000 per°5v.

51 Mouse studies continue to be used to estimate gémeisks because of the lack of clear evidence indmsrthat germline mutations
caused by radiation result in demonstrable genetieet§ in offspring.

52 Eor heritable effects, the detriment- adjusted nomimisk in the whole population is estimated as 0.2 p@r Sv and in adult workers as
0.1 102 per SV.

23



Nevertheless, the ICRP emphasises that this reductioreigdnadal tissue weighting factor provides
no justification for allowing controllable gonadal expassito increase in magnitude.

However, the ICRP decreased its risk estimate for heriddneage between its recommendations of
1991 and the recent ones of 2007 (ICRP 1991, 200Dettsnent Adjusted Nominal Risk Coefficient
for radiation heritable effects in an exposed population weduced from the previous 1991 value of
1.3% per Sv to 0.2% per Sv. The ICRP approach isdraselihear relation between dose and end-
point, measured as heritable disease at or before birthe Belief that heritable consequences of
radiation were negligible followed from studies of thapdnese survivors of the atomic bomb
explosions in Hiroshima and Nagasaki in 1945. The Aanedi@panese Institute in Hiroshima, Atomic
Bomb Casualty Commission (ABCC), apparently did notfintdtions in the descendants of the

survivors. Therefore, the ICRP derives its current figgkre from experiments in mice. The result
corresponds to the evaluation by the United Nations SdienGommittee on the Effects of Atomic

Radiation (UNSCEAR committee) (UNSCEAR 2001).

Schmitz-Feuerhake, Busby and Pflugbeil have publigbedrecently a paper in which they bring up
arguments for a new assessment. They criticize UNSCEARRRdor their very low risk factors for
hereditary diseases in humans based on reportedly absenetic effects in the acute exposed
Japanese A-bomb survivors. Schmitz-Feuerhake et al6Y204dde a compilation of findings about
early deaths, congenital malformations, Down’s syndromeceaand other genetic effects observed
in humans after the exposure of parents who were contamidatg Chernobyl fallout, parents who
were clean-up workers and nuclear test veterans. Nealtliypes of hereditary defects were found in
cases affected by very low doses. The authors suggasthb results show that current radiation risk
models fail to explain or even predict the many observatiand should be abandoned.

3.2.1 Classes of hereditary defects

Different classes of hereditary defects are known frornmai experiments and research in the fields
of molecular genetics. The following table lists the defehat have been observed after exposure of
humans to radiation (Schmitz-Feuerhake 2014):

(a)Mendelian

Autosomal dominant: congenital abnormalities as syndactylydffusf fingers), brachydactyly
(short fingers), polydactyly (more than 5 fingers oggan each limb),

Sex-linked: loss of females
(b) Chromosomal
Aneuploidy (numerical chromosomal anomaly): Down's syme (trisomy 21),
Structural anomalies: preimplantation loss, embryonal defdhtal abortions
(c)Polygeniccluster in families:

Congenital abnormalities as neural tube defects, heart cisfepyloric stenosis, cleft lip with
or without cleft palate, undescended testes

Common disorders of adult life of varying severighisophrenia, multiple sclerosis, epilepsy,
acute myocardial infarction, psychoses, diabetes mellitgsestial hypertension, asthma,
peptic ulcer, rheumatoid arthritis.

Cancer
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The first group comprises defects that are caused by glesimutated gene and are dominantly or
recessively inherited according to Mendel's Laws exriedity.

The second group (b) lists defects accompanied by nwogfical mutation of chromosomes or a
changed number of chromosomes. The most famous gkarfor a changed number of chromosomes
is Down's syndrome. Another concomitant of chromosomatation is foetal death.

The third group (c) includes diseases resulting frefects in several genes. In humans, effects of this
type are often due to polygenic clusters in families. yrhely cause developmental disorder of new-
born babies or disorders of adult life.

3.2.2 Congenital effects in regions affected by the Chehyl accident

Many studies show the increase of foetal deaths, perinatattality and congenital malformations

(CM) after the Chernobyl accident. However, the offigialw is summarised in a 2006 Joint News

Release by WHO/IAEA/UNDP (World Health Organizatioméatienal Atomic Energy Agency and the
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3.2.2.1 Reevaluation of the EUROCAT Europe-wide Study

The study of Dolk and Nichols (1999) is widely céedevidence for the lack of effect after the
Chernobyl accident. The authors A& u]v }JAv[e «Cvnelrhu tube defects (NTD),
microcephaly, hydrocephaly, anophthalmos and congenital aatan 16 EUROCAT registers. There
were 231,401 births in the areas in 1986. The 16 regstvere divided into three groups of high (200
to8i1 ..."AsU u ]Juu ~86 8} idi ... A+ Awlose}Fhred dorsgariséin cokort periods
were defined as E (conception May 1986), T (concepilay 1986 to April 1987 contains E), and C
(control: conception May 1987 to April 1989). The authoonclude ~v} A] v  }( Pv & o]
detectable increase in the prevalence of congenital aales in the first month or first year following

Z Ev} CoX -Féudhdk&let al. (2016) criticise the choice obtheohort periods for this study,
because genetic damage to the germ cells from internpbexres will have continued well into the
control period C and damage will have been cumulativenfiz-Feuerhake et al. (2016) have re-
analysed the data of the EUROCAT-Study. A comparison o€Tcokorts showed a significant effect
with odds ratio (OR) of 1.29 But there was no increasing monotonic relation betwessumed
Nle 8§ PIEC towdver, 30X genetic damage, increasing dose willlm&arly increase
effects since at high doses there will be sterilityagtal loss. (Doll 1973)

3.2.2.2 Studies about congenital malformations in contamitel regions

Down’s syndrome increased in several contaminated Ewopgeuntries after the Chernobyl accident

(Busby et al. 2009; Sperling et al. 2012). The gase8perling, for example, registered in West Berlin,
which was a kind of closed island at that time, a sharp &mificant increase in cases exactly nine
months after the accident.

Busby et al. (2009) published findings about foetal Heatperinatal mortality and congenital
malformations (CM) after the Chernobyl accident. Thegeeaped not only in the area of the exploded
reactor, but also in Turkey, Bulgaria, Croatia, and GerniBEmg results are not in line with the current

53 (95% CI: 1.02.4), p=0.014
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ICRP/UNSCEAR assumptions. Evidence of increased CMiftateShernobyl in Germany, Turkey,
Croatia and Bulgaria was already described in several clielies. (Akar et. al. 1989; Akar 1994;
Caglayan et al. 1989; Guvenc et al. 1993; Hoffmann 200&)iKet al. 1998; Mocan et al. 1990;
Moumdijev et al. 1992)

Belarus received most contamination from ChernobyleAtr@l registry for congenital malformations
(CM) existed from 1979 and rates of CM before and after @hernobyl accident could thus be
compared. Comparison of legal abortuses in 1982 to 19861887 to 1994 showed combined CM
increases of 81%, 49%, and 43% in regions of hig &Bq/nt), medium (>37 kBg/A), and low (<37
kBg/n¥) contamination, the effect being significant at the 016&el in all three regions (Lazjuk et al.
1997). (The genetic origin is confirmed in those anaesalvhich are combined with a recognized
mutation that is not present in either of the parents (Bygdt al. 2009).)

Another study confirmed the CM excess finding 86%e#me in 1987 to 1996 vs. 1982 to 1985 (high
contamination) and 59% (control regions) (p<0.05). Tthdysfound significant excess chromosome
aberrations of dicentric and centric rings rates in Gome Bogilev (>555 kBq/f compared with a
control region (<37 kBg/A) (Feshchenko et al. 2002).

Another study compared Gomel (high exposure) with Vitelpsesumed low exposure) for mortality
in children zero to four finding absolute CM rates4at% vs. 3%, respectively (Bogdanovich 1997).
Savchenko (1995) reported a frequency of CM inorgdf Gomel between 1982 to 1985 and 1987 to
1989 ranging from 170% in Dobrush to 680% in Chekhers

Petrova et al. (1997) compared two high and two low coriteted regions of Belarus for a number
of indicators of pregnancy outcome and child health. Et, before and after Chernobyl increases for
all CM were: Gomel 150%, Mogilev 130%, Brest 120% \aredbsk 110%, the rank of their
contamination levels.

Kulakov et al. (1993) examined 688 pregnancies and#bths in Chechersky (Gomel, Belarus) and
Polissia (Kiev, Ukraine). Sharp reductions in birth retdmth regions after Chernobyl were ascribed
partly to abortions. High perinatal mortality was ascribed pattl congenital malformations (CM).
Incidence increased by a factor of two following the aexntdor congenital heart disease, esophageal
atresia, anencephaly, hydrocephaly and multiple malformatiofke total number of neonatal
disorders increased in Polissia from 1983-1985 to61P890 from 6.81 to 21.32 (313%) and in
Chechersky from 5.15 to 10.49.

It is worth to add that congenital effects were also found ntar former Soviehuclear test site in
Kazakhstan Sviatova et al. (2001) studied congenital malformatid®@®l) in three generations of
inhabitants, investigating bihs between 1967 and 1997. The authors found signifigantreased
rates of CM combinetd Jv op JvP }Av[e «Gacefhply andurultiple malformations in the
same individual.

3.2.2.3 Findings in Polissia

One of the populations most exposed to chronic low-dosgiation from Chernobyl lives in Polissia,
the region representing the northern half of the Rivne®noe in Ukraine. Malformations, as defined
by international standards, noted among all 96,438 birthsRivhe between 2000 and 2006, were
analysed statistically. Contrasts of rates in Polissia condparigh the rest of Rivne also were
investigated. The overall rate of neural tube defectRimne is among the highest in Europe (22.2 per
10 000 live births). In Polissia, the overall rateseairal tube defects are even higher (27.0 vs 18.3,
respectively. The malformation patterns observed suggeatly disruptions of blastogenesis.
(Wertelecki 2010)
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Wertelecki et al. (2014) confirm and expand their poed studies (2000-2009) in Rivne that
demonstrated elevated population-based rates of CM. Amorg 437 live births in Rivne between
2000 and 2009 are included 2,348 (1.61%) infants withraadies noted before one year of age.

The native people of Polissia (Polishchuks) represepprulation isolatetyy surviving mostly by
consumption of locally grown products, foods and fugleerently contaminated by nuclides.
Polishchuks continue to inhale and ingest nuclides amgglowing proportion of pregnant Polishchuk
women have themselves incorporated nuclides to whadhof their conceived children are exposed
prenatally. The large size and well defined nature of Rwdishchuk population facilitates long term
studies of the health and teratogenic impacts of protracteghasures to low levels of ionisation
radiation.

According to Wertelicki et al. (2014), the results histdescriptive epidemiological study provide a
starting point for prospective investigations of cause-effassociations. Elevated incorporated
ionisation radiation levels in pregnant women are detectadely among those living in Polisidn

the opinion of the authors, the concurrence of elevatatels of CM with elevated ionisation radiation
levels in Polissia lends coherence to a hypotheticaseaffect association. Internal contamination
was quantified for two groups, a high and lower doseugrby whole body monitoring for caesium-
137 (Cs-137). In addition, local produce was analyseldth Cs-137 and the DNA seeking Sr-90. The
Sr90/Cs-137 ratio was between 0.5 and two, so Sr-90 (wsttDNA affinity and anomalous RBE)
represented a significant internal exposure. (Wertelestkal. 2014)

3.2.3 Congenital anomalies in the descendants of occupatlly and medically exposed
women

A German investigation of occupationally exposed femahesved a 3.2-fold significant increase in
congenital abnormalities, including malformations, in offsg. (Wiesel et al. 2011) The authors
interpret the effect as generateth utero but do not prove such a connection. In the opinion of
Schmitz-Feuerhake et al. (2016), this appears to bedbale given the short sensitive phase in
pregnancy and the ban on pregnant females working in higlhenvironments
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Hospital where the genetic effects of diagnostic X-raysewavestigated. (Cox 1964) The author
observed the offspring of married mothers who had bdesated in childhood for congenital hip
dysplasia since 1925 and were X-rayed for several timése pelvic region. The ovarian dose was
estimated to be betweery5 mSv and 200 mSv. In 201 living births of these fenthle were 15

Jv JA] p os A]8Z « A E u o(}EuU §]}ve |5} (BY]|)E: }EP yA¥[e +Cv E}u
cases with other abnormalities (all congenital abnormaliti@s9%) while the control group (402)
showed less than half of this rate. The latter was compasfemarried siblings of the probands who

were not X-rayed.

3.2.4 Congenital anomalies in the descendants of occupatlly exposed ren

Studies in children of exposed men where the motheesarnot exposed will show definite hereditary
effects. Three studies of nuclear test veterans, faregle, have shown large increases in congenital
effects in children.

54 Concerning plausibility, three teratogenic risks afe€oncern in Rivne: alcohol, genomic mutations, HhdAlcohol teratogenesis is not
prevalent in Polissia and genomic mutations are unjikelcause the blastopathies observed.
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Recently Busby and de Messieres (2014) examined déanen ¢hildren and grandchildre of
members of the British Nuclear Test Veteran AssociaBNiIVA). Based on 605 veteran children and
749 grandchildren compared with 311 control children at@B control grandchildren there were
significant excess levels of miscarriages, stillbirthsninimortality and congenital illnesses in the
A S Eve[] Z]lo Ev E o 3]A }18Z 8} AW ESo viw @EX dzZ E
ule EE] P « Jv A 3§ E v[e A]JA « }u%o0 €ER KAFE Thé@ Jere }& Stilbjths;
three in controls (OR 2.79. Perinatal mortality OR was 4’3n 25 deaths in veteran children. 75
veteran children had congenital conditions vs. three cohthildren (OR 9.79 t these rates being
also about eight times those expected on the basis of theEUROCAT data for 1980 to 2000. For
grand-children similar levels of congenital illness eveeported with 46 veteran grandchildren
compared with three controls (OR 8286

Roff (1999) carried out a questionnaire study of membefsthe British Nuclear Test Veteran
Association (BNTVA) and reported excess rates of cardiaaaslisorders, spina bifida, hydrocephalus
and hip deformities.

Urquhart (1992) analysed data in children from 1,147 \amefiamilie&®. 233 out of them had illnesses
or defects (cancer, malformations, mental retardation) that coutde a genetic origin. The authors
registered a 7:1 rate of abnormal children conceived befilne tests vs. those conceived after the
tests.

A compilation of studies concerning congenital anomalieghie descendants of occupationally
exposed men is given in Schmitz-Feuerhake et al6(20he findings are listed in the following table.

Table 3: Congenital anomalies, especially malforioat, in descendants (1st generatigynof
occupationally exposed men

Radiologists USA 1951 Congenital malformations Macht and
Increase 20% Lawrence 1955

Workers of the Hanford Neural tube defects significantl In general = Sever et al. 198¢

Nuclear facility, USA increased by 100% 100 mSv

Radiation workers at Stillbirths with neural tube defect Mean Parker et al.

Sellafield nuclear significantly increased by 69% p 30 mSv 1999

reprocessing plant, UK = 100 mSv

Radiographers in Jordar Congenital anomalies significani Mainly Shakhatreh et
increased 10-fold 10-250 mSv al. 2001

Liguidators from Congenital anomalies increas¢ 10-250 mSv Tsyb et al. 2004

Obninsk (Russia), 300  1994-2002

children

Liguidators from Russia, Congenital anomalies increase Matveenko et

Bryansk region about 4-fold al. 2006

55 (950 CI: 1.581.91), p<0.001
56 (95% CI: 0.73, 11.72), p=0.13
57 (95% CI1.22 17.9), p=0.01

58 (9596 CI: 2.989.3), p<0.001
59959 CI,:2.483.8), p<0.001

60 The British carried out nuclear weapon tests and am@ivin Australia (Maralinga) and Christmas Island in théi@aetween 1952 and
1967. More than 20,000 young national servicemen aher military personnel were stationed at the tesites. The sites were
contaminated with fission fallout and nanoparticlesusfnium and plutonium from the weapons, tritium andrbon14.
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Liguidators from Russia, Significant increase for: 5-250 mSv Liaginskaia et al.
2379 new-borns anencephaly 310%, 2009

spina bifida 316%,

cleft lip/palate 170%,

limb reduction 155%,

multiple malformations 19%,

all malformations 120%

British nuclear test All malformations Less than | Urquhart 1992
veterans Down’s syndrome 10 mSv but

OR 1.6 for early vs. later births  internal
British nuclear test All congenital conditions increase Less than  Roff 1999
veterans 10 mSv but

internal

British nuclear test Miscarriages odds 2.7 Lessthan | Busby et al.
veterans case Congenital conditions: 10 mSv but 2014
control/EUROCAT study children OR 9.8; internal

grandchildren OR &3
& Mean first year committed effective doses are given byah¢hors or are calculated by Schmitz-Feuerhake et
al. (2016)

3.2.5 Sexratio and X-linked lethal factors

Normally, it is not possible to study how many inseminabedytes (zygotes) will be aborted after

irradiation of the gonadal cells in humans. But it is obsdnhat males who were exposed have fewer
daughters than sons i.e., the male/female sex-ratio increagith dose. Thus, the sex-ratio is a very
relevant parameter. It shows that genetic alterations are inducethe germ cells of males by very
low doses, and it proves to be a sensitive indicatoefqgosures of the population.

Gene mutations may be responsible for the death of thgoky and will also occur in the sex
chromosomes where they will predominantly affect the afer X-chromosome which can only be
transmitted to a daughter. A dominant lethal factor will thexad to the death of the female zygote.
Recessive lethal factors in the X-chromosome are mumte ftequent than dominant ones (Vogel et
al. 1969). They affect only female births

Scherb and Voigt studied different groups of inhabitanta variety of countries after the Chernobyl
accident for hereditary effects. They found radiation-inddcfoetal deaths and early mortality and
}JAv[e «Cv E}u MS o<} o035 & S§]fatio. They Also ¢xBRiAed ndelear tests above
ground which affected US inhabitants and those living igaman and Swiss nuclear plants. Results
showed significant reduction in the female birth ratealhsites. (Scherb and Voigt 2007, 2011)

A similar effect was detected in cardiologists, who utaiek interventional angiographic procedures
involving X-ray exposures. (Choi et al. 2007)

3.2.6 Discussion and conclusion of genetic and teratogeaffects

Effects in populations exposed to Chernobyl fallout exeluded by the official committees (in
particular ICRP), which claim that doses are too low tege statistically observable increases. This,
however, is certainly wrong, because it is known froany studies of chromosome aberrations (e.qg.
Busby 2015b; Domracheva et al. 2000; Feshchenka 208P; Schmitz-Feuerhake 2011), either that
the doses calculated by UNSCEAR are much too low or thag thean enhanced radiobiological
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effectiveness (RBE) in the type of internal exposreshronic delivery received by the Chernobyl
groups.

Malformations, cancers, and numerous other health efféatthe children of populations who were
exposed to low doses of ionising radiation have been umeaspally demonstrated in scientific
investigations (Schmitz-Feuerhake et al. 2016).

3.2.6.1 External versus internal sources of radiation

In particular, the study of Wertelecki et al. (2014) gadés that internal exposure is an important
factor for these observations.

According to the NAS (2014), scientific uncertaintgtexabout the differences in tissue effects and
therefore the risks from external versus internal radiatemurces. Although currently, for radiation-
protection purposes, an assumption is made that the effethéssame, independent of the source
location, it is understood that internal deposition of radiaiides is not as uniform as external
irradiation is. Even at the level of whole tissues or maiggue components, estimation of average
doses (or dose coefficients) from intakes of radioied requires highly complex biokinetic and
dosimetric model calculations. Comparisons of risksvdd from the ICRP dosimetric approach with
those obtained from direct epidemiological observationghie few available situations, indicate that
the discrepancies can vary from about a factor 2 in soases to 10 or more in others. The need for
improved biokinetic and dosimetric models is crubalmaking progress with this scientific question
(EC 2009).

However, despite this knowledge and the known uncertagtéinternal doses, the doses upon which

the ICRP risks are based, either from humans or micegxdegnal doses. There are significant issues
regarding the equivalence for causing genetic damaget@fal and external dose calculations (Busby
2013). Internal exposure to uranium by inhalation, fgample, has been associated with significantly
high genotoxicity resulting in anomalously high excegslé of chromosome damage and birth defects
in a number of different groups (Busby 2015b). Uranhinds to DNA, this fact that has been known

since the 1960s. (Huxley et al. 19&bnstantinescu and Hatiegad®74; Nielsen et al. 1992)

In other words, the biological or genetic damage fromt umiernal dose e.g., from a radio-nuclide
bound to DNA is far greater than for the same dose dediderxternally. (Schmitz-Feuerhake et al.
2016)

3.2.6.2 Difference between acute and chronic exposition

When examining the risk of genetic damage by radiatids itery important to make a distinction
between acute exposure to radiation in the event of enmireental contamination and chronic
exposition of occupationally exposed persons.

The assumption of the ICRP and other official bodies, @gtisnate the radiation risk to be very low,
is based on the observation of Japanese survivors of theiatbomb explosions and on studies
investigating the descendants of parents who had to undemgadiation therapy at a younger age
(ICRP 2007). In both cases, however, there is onlyr&ime exposure to radiation. The point in time
at which the preconceptional exposure to radiation ocaarsf major importance for the mutation of

parental germ cells. This is especially valid for spesgetesis with a normal duration of

approximately 86 days. The stages of spermatogenesis arg timas more radiation-sensitive than

stem cells and developed sperm cells. (Fritz-Nig@lv19

The chronic radiation exposure of men results in pereardmadiation of all stages of spermatogenesis.
This explains the relatively high number of malformaticarsl other congenital defects of the
descendants of occupationally exposed men (see table Bp, Ahe congenital effect in the
contaminated regions affected by the Chernobyl accidenpaobably caused due to this reason. (z.B.
Lazjuk et al. 1997, 2003; Scherb and Weigelt 2003,; Z¢#mitz-Feuerhake et al. 2016)
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3.2.6.3 In-utero or genetic exposure effects

The question of germ cell damage in parents or in utlamage to development, though important,

is not to answer yet. All the congenital malformations (G¥gcts are caused by mutation of DNA
whether in the parental germ cells and precursors onfrimplantation to birth. However, from the

sex-ratio results it would seem that parental exposure i®@idant cause of radiation induced CM,
concluded Schmitz-Feuerhake et al. (2016).

As men and women in contaminated areas have persistenty lexposed to radiation, the genetic
effects cannot be clearly distinguished from those resgltirom in-utero exposure of embryos and
foetuses. All in all, both in-utero and genetic effeet® relevant for the underestimation of the
radiation effects for descendants.

3.2.6.4 Discussion of the risk factor for heritable effects

For both radiation-induced cancer and heritable disease tihé probability of the occurrence of the
effect, not its severity, that depends upon the dosee Teeneral assumption for radiological protection
is that the risk of these stochastic effects increases irdinedose range (doses below about 100 mSv)
linearly with dose, with no threshold (LNT model). Tdise-response model is generally known as
Zo]JvnotE S Z & <Z}o [ }E& >EdX

The ICRP risk model is based on two main ideas: absdde]-which is average energy per unit mass
of tissue, and the linear no threshold (LNT) responseexplained above, for internal exposure to
substances like Sr-90 and uranium, which both have hffjhity for DNA, the concept of dose is
meaningless. For CM as an outcome, it is also clear thatfiemodel is unsustainable (Doll 1973).
Biological plausibility would predict an increase in damage thus CM at very low dose, followed by
a drop in CM due to failure to implant, early miscarriageortion. This would result in a saturation
dose response in the lowest dose region. Only theigars would make it to be registered as CM.

It is out of the scope of this report to develop appriape risk factors. However, it should be mentioned
that in Schmitz-Feuerhake et al. (2016) a new model fiskafactor is suggested:

The Chernobyl studies may be used to obtain an approximsidactor for all CM. The excess relative
risk (ERR) for all CM follows a specific shaped resspand is about 0.5 per mSv at 1 mSy, falling to 0.1
per mSv at 10 mSv exposure and thereafter remaininghtyugpnstant was foundl'his means that
the background rate will double or triple up to 10 m&yposure and thereafter fall. But it also results
in a 50% excess risk at doses as low as 1 mSv. This EBéS@amesponse model accommodates alll
the observational data from Chernobyl. This model isnmiidxed internal and external exposure to
fission product contamination doses as employed by Udheigs and may not necessarily apply to
pure external exposures. (Schmidt-Feuerhake etGil62

Genetically induced malformations, cancers, and numerdhgrohealth effects in the children of
populations who were exposed to low doses of ionisiragliation have been unequivocally
demonstrated in scientific investigations. All in alkuks show that current radiation risk models fail
to predict or explain the many observations and shouldabandoned. The experts suggest further
research and analysis of previous data. (Schmitz-Feuerhake2916)

The behaviour of the international associations (IRCP, VidHi@gsponsible, because at present it is
already clear that the radiation risk for future generationl tne much higher than stated and the full
extent cannot yet be predicted.
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3.3 Non-cancerdiseases

The ICRP states*tZ]oeS & }Pv]e]JvP §Z %0}3 v3] absérvétigrE 8n\non-ggncery «
diseases, the Commission judges that the data available doaltmt for their inclusion in the

estimation of detriment following radiation doses in the genup to around 100 mSv. This agrees with

§Z }v opel}v }( hE~A  Z ~11i6.U AM] Z (}v VE]3¥® s+ E]el o0}A iXA "A
103 2007, p.56f.)

But some studies provide evidence of non-cancer diseaseurring also below 100 mSv.

Non-cancer diseases comprise a big group of diseasels,as meningioma and other benign tumour
entities, cardiovascular, cerebrovascular, respiratory, gastestinal and endocrine disease,
psychiatric conditions, as well as cataracts.

After Chernobyl, studies in Belarus showed increaserbidiby in the cohort of Belarussian liquidators
(Okeanov et al. 1996) for diseases of the endocrinéerysthe gastrointestinal tract, diseases in
metabolism and immune system, diabetes mellitus, psydisorders, cardiovascular diseases and
cataracts Also for Ukraine significant results have been foundliersame diseases in the liquidators
cohort with people having received more than 250 m@uzlunov et al. 1996) And in Russia also
significant higher non-cancer disease rates for liquidaisith doses >50 mGy compared to Russian
population have been found. (lvanov 1996)

*% ]85 }(8Z ¢« & eposSeU SZ [ ZW v}chncerdiBedse'a Jow-doses remain most
uncertain and no specific judgementispeo] o X _ ~/ ZW {iii 1116U %X id8*X A v S$Z}uF
there also have been results from the LSS cohort fodesde of non-cancer disease mortality
Jv @ o+ +U 8Z / ZW 83 W " 1A A GUIBEE MUV]|IEF}VS] « }v §Z «Z 9
doseresponse at low doses and that the LSS data are consistentviatththere being no dose
§ZE *Z}o (}E EJele }( ]* * Uu}EZWASC }v IMEZFFZ0E}( E}uv iXid "A
103 2007, p. 56)

Also in a new LSS study increases incanter diseases have been found. Ozasa et al. (2012) @userv
an increased risk of diseases of the circulatory, raspiy and digestive systems. The overall ERR for
non-cancer diseases was 0.13 pef'3pr circulatory disease 0.94 for respiratory disease 0.Z3and

for digestive disease 0.20 But the authors did not assess them as causal relationshipther
investigation were recommended. Nevertheless, for trexrtan BUND this is critical because these
non-cancer diseases have a far higher prevalence tharecaherefore more people can be affected.
(BUND 2016)

Although high doses of ionising radiation have long bi@gsed to circulatory disease, evidence for an
association at lower exposures remains controversialelatthl. (2012) conducted a systematic review
and meta-analysis on circulatory disease risks associatddmoderate and low-level whole-body
ionising radiation exposures. Radiation exposures had whme-body, with a cumulative mean dose
of <500 mSv, or at a low dose rate (< 10 mSv/datiin&sd excess population risks for all circulatory
diseases combined ranged from 2.5%#Suer France to 8.5%/%vfor Russia. The authors found an
association between circulatory disease mortality and low antdierate doses of ionising radiation.

61 95% CI: 0.08, 0.18) p<0.001
62 95% CI: 0.05, 0.18). p<0.001
63 959 CI: 0.11, 0.36) p<0.001
64 (95% CI: 0.05, 0.38) p=0.009
65 (95% CI: 0.8, 4.2)

66 (95% CI: 4.0, 13.0)
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The estimates of population-based excess mortality risksifoulatory disease are similar to those for
radiation-induced cancer. Moreover, if associations betwdew-level exposure to radiation and

circulatory diseases reflect an underlying causal relatigmthat is linear at low doses, then the overall
excess risk of mortality after exposure to low doseowr dose rates of radiation may be about twice
that currently assumed based on estimated risks of mortalitg to radiation-induced cancers alone.
(Little et al. 2012)

A new study from Mampel et al. (2015) analysed amongeotion-cancer effects studies on eye
cataracts. Cataracts have been seen as deterministic effeanimg that a threshold was assumed
But the authors found a mean doubling dose for the eyeslef 209 mSv (without LSS cohott)
obviously under the threshold of 500 mSv used by ICRfaracts should therefore be seen as
stochastic effects with no threshold.

In conclusion it can be stated that non-cancer effectswarengly neglected by ICRP and should be
included in the radiation protection model.

3.4 Conclusions

In earlier studies the effects of low dose radiation halready been investigated, but newer studies
of natural background, occupational exposure, Chernatnyisequences, and first effects from

Fukushima can provide better information on effectsiafising radiation. The excess risks of low,
protected doses have been found to be similar to thosaigher doses.

Radiation protection has long been based mainly on the rebeafdhe survivors of the Japanese
atomic bombs. From the so-called Lifespan Study (LS@&jsdealth effect of ionising radiation for
individuals who received doses mainly from 100 mSvards can be derived, this is more than what
is typically defined as low doses. The survivors vexosed over a short time to penetrating high-
energy gamma radiation. In the Ulm Meeting 2014 of iretegent experts (IPPNW 2014) the critique
was formulated that radiobiological research has shown thahsexposure is less damaging to tissue
than chronic alpha or beta irradiation following the incoration of nuclides, and chronic exposure to
x-rays or gamma-rays from natural background or artifis@irces at dose levels comparable to
normal background. On the contrary, the ICRP argues thatmihiagenicity of the Japanese bomb
radiation has a two-fold higher risk than that from other smes. Therefore, in ICRP dose models a
" ose and dose-rate effectiveness factot) S Zcallep DDREF of 2, is used to reduce the calculated
risk to 50%. This DDREF therefore is also includexkiry dose limit provided by EU legislation, and it
is strongly disputed.

This is one question that is discussed in radiatioeassh t how are the health effects of radiation
patterns different to those which were received by taomic bombs in Japan? In new studies this
question can be better answered because there is st®rigence of excess relative risk (ERR) caused
by low and very low doses of radiation that are protractingganing being received chronically. The
ERR describes the risk of getting a disease that is eta#ss risk of a comparable group of people
and therefore can be assumed to be attributable to radiatiSome of the study results show an ERR
that is statistically significant, others do not, but it haso®kept in mind that some of the diseases
that are caused by radiation are rare diseases like leukaentaatatistically significant increase is
difficult to detect.
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Due to the new LLS-study, the LNT model has been ow@dirmeaning that the risk is proportional to
the dose even in the very low dose rangenlyadose of zero is a totally safe dose.

Also another open question in radiation research has bamswered better by new studies, the
question what types of diseases are caused by low-lexghtion. Especially the CLL type of leukaemia
was long believed to not be radiation induced, but nowrths evidence for the contrary.

Genetic and teratogenic effects have been studied intgnsehere is evidence for genetically induced
malformations, cancers, and numerous other health efféctshe children of father and/or mothers
who were exposed to low doses of ionising radiatiorrrént radiation risk models fail to predict or
explain the many observations and should be revised.

A pattern of epidemiological evidence world-wide ndeeely indicates increased leukaemia risk near
nuclear power plants (NPP). A recent published studgaksva highly statistically significant 37%

increase in childhood leukaemia within 5 km of almo$tN#PPs in the UK, Germany, France and
Switzerland. Thus, there is a very clear association betvimereased child leukaemia and proximity

to NPPs. (Korblein et al. 2012)

Furthermore, recent studies concerning childhood canfrem natural background radiation and

medical exposure indicate the high radio-sensitivity bildren. Studies about leukaemia risk for
unborn and very young children show significant ilases in leukaemia risk for foetal exposure to the
Chernobyl contamination.

In the light of the depicted studies there is considdeatboubt whether the risk for unborn and very
young children is not more than three times higher thaa tisk for the overall population. Especially
for embryo/foetus this ICRP assumption seems to beffitsent.

Non-cancer diseases comprise a big group of diseasesng them cardiovascular diseases, diseases
of the respiratory and the gastrointestinal tract, diabetesitaracts etc. While the ICRP does not
assume effects under a dose of 500 mSy, studies shovetleat at low dose ERR can be founahich

is of special interest, because f.e. cardiovascular desehave a high prevalence and therefore many
people can be concerned. Cataracts were long seen asndigtistic radiation effects, but new studies
suggest that they are also stochastic effettsithout a threshold.

Although there are numerous studies in the area of assesswf impacts of nuclear power plants on

human health, it is still necessary to make follow-ups,eeily to investigate radiation effects of

normal operation of nuclear facilities in depth. Partamly in countries with many NPPs on operation
and where the NPPs are situated in densely inhabited atie&s,necessary to try to arrange for

independent studies or independent reviews of existitgdies.

It is of uttermost importance that new insights in radiatieffects will be considered in radiation
protection law and measures.
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4 Radiation protection in EU legislation: are new
Insights in radiation health effects considered?

Protection of humans and environment from adverse effedt®nising radiation is one key task of the

LE &Ju dE ECX }E JVP &} EEX T0"ee&Z0]JDUMIGELZ ¢ §C 8
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Treaty 2012) Such a basic safety standard has to includermiaxpermissible doses compatible with
adequate safety and maximum permissible levels of exmpsnd contamination. (Art. 30) The
Commission has to establish such basic standards after kkimgsa group of experts according to Art.
31.

The basic safety standard in force since 20X2oigncil Directive 2013/59/Euratom (BSS-DirectivA)
directive has to be implemented into national law by themieer states, this has to be done until 06.
Feb. 2018.

On this basic safety standard other EU legislation is basedng themCouncil Regulation (Euratom)
2016/52}( ifi : vy EC 1ii0 }v "D FJupu % EuRA Jv& advIGIEv }I (}}
( (Joo}A]vP vp o E ] vi_X

In this chapter, these two legal documents will be analysgjarding their consideration of up-date
insights in radiation health effects as discussed in tlewipius chapter.

4.1 Basic safety standard: Council Directive 2013/59/&tom

Council Directive 2013/59/Euratom of 5 December 204¥ng down basic safety standards for
protection against the dangers arising from exposure tasiog radiation, the so-called BSS-Directive
establishes uniform basic safety standards in the EU. Aowpto Art. 2 it applies to any planned,
existing or emergency exposure situation with ionigidjation, caused by artificial or natural sources
of radiation (f.e. the operation of aircraift relation to the exposure of crew). This includéso medich
exposure and exposure from indoor radon. Out of scafmeexposures to the natural level of radiation.

In Art. 5, the general principles of radiation protectiare definedt justification, optimisation and
dose limitation. Radiation protection should do more good theamm, individual exposure shall be
kept as low as reasonably achievable, and in planned expastuations (except medical exposure)
the dose limits shall not be exceeded. Beside dosislimeference levels are established in Art. 7.

In Art. 12, adose limit for members of the publiof 1 mSv/year (effective dose) is defined. This dose
limit shall apply to the sum of the annual exposuresaaghember of the public from all authorized
practices. Moreover, the limit of the equivalent dose fioe lens of the eye shall be 15 mSv/a, and for
the skin 50 mSv/a.

Beside dose limitgeference levelsare established in Art. 7. In Annex I, these refereewels for
effective dose are defined, they should be between #l 20 mSv/a for existing exposure situations
and 20-100 mSv acute or per year for emergency expasituation.

Dose limits for workersare 20 mSv in a single year, but up to 50 mSv can beeallby national law,

if the average dose over five consecutive years dagsrceed 20 mSv. The equivalent dose for the
lens of the eye shall not exceed 20 mSv in a siyege or 100 mSv in any five consecutive years with
a maximum of 50 mSv in a single year. For the equitzalén dose and dose to extremities the limit is
500 mSv /a, eactPregnant workersshall not get an equivalent dose to the unborn childesding

1 mSv during the remainder of the pregnanByeastfeeding workersshall not work in areas with
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exposure. The dose limits fapprentices and students up to age 18 6 mSv/a effective dose,
15mSv/a equivalent does of the lens of the eye, and 1%/anequivalent dose for the skin and
extremities, each.

In several recitals of the BSS-Directive, the use of@RPl approach (publications ICRP 103, 16 an
119) is declared as bases for the approach of the B®&Stibe.

The BSS-Directive has to be implemented into national fatveomember states until 6 Feb 2018. The
member states are allowed to introduce more severe prot@tmeasures if not stated else.

4.1.1 Discussion of specific problems in the BSS-Directiv

Based on upe-date scientific results discussed in chapter 3, amahgrs, the following problems
become apparent in the underlying assumptions of the |&RPtherefore also in the BSS-Directive.

The German environmental organisation BUND published0it6 an extensive comment to the
planned revision of the German radiation protection law lempenting the BSS-Directive. (BUND 2016)
In 2014, a summary of an expert meeting at Ulm, Germhag, been published by IPPNW. (IPPNW
2014) These two publications provide us with critiquéshe current radiation protection approach.

In the following chapter, discussion of problems tdlkese two important publications into account.

4.1.1.1 Basing risk factors for low dose radiation only ohe Japanese bomb survivors
outdated

As discussed at length in chapter 3, the ICRP relies nwos#judy data from the LSS (Lifespan Study)
of the survivors of Hiroshima and Nagasaki, even thahgtsurvivoravere exposed to high radiation
delivered in short time. This radiation pattern is not themeasf.e. after the accidents of Chernobyl
and Fukushima, where people receive low protracting dofut ICRP believes the atomic bomb
radiation to be twofold stronger in effect than chronicaht-term exposure. Therefore a factor DDREF
(dose and dose-rate effectiveness factor) of 2 is usedCRP. This decision is based upon dose-
response features of experimental data, the results of th&espan Study, and the results of
probabilistic uncertainty analysis conducted by othersiolthare discussed in Annex A of ICRP
publication 103. (ICRP 103 2007, p. 53). Using th&eBDR2 results in two-times lower risk coefficients
for description of health risks. This can no longercbesidered as upe-date, amongst others due to
the INWORKS study (Richardson et al. 2Ddbéch has been able to proof that there is no reduction
in excess relative risk for chronic low dose exposorapared to risk resulting from radiation of atomic
bombs (see also table 1).

That low and very low doses of ionising radiation havesuoeable health effects was also shown in
studies on the effects of natural background, studiesoonupational exposure, studies on cohorts or
cases with low doses in epidemiological studies aftegr@byl, and studies of effects of normal

operation of NPPs, and studies of effects of medicalaisenising radiation.

Thereforeit is no longer adequate to use proportionate relationshipsthe induction of low dee
health effects from high dose which has been done updw with the use of a DDREF of 2.

The DDREF has to be reduced to 1 due to this newtdmesvidence. The WHO and the German
Commission on Radiological Protecti®sfalready both recommend a DDREF of 1. (WHO 2013, p.32
SSK 2014)
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4.1.1.2 Underestimation of genetic and teratogenic effects

The ICRP provides risk factors for heritable disedegzublication 103 they are 0.002 per Sv for the
whole population and 0.0041 for adult workers. (ICRP 2087, p. 143) In the former ICRP 60
recommendations these risk factors were 0.013 and (0r@8§pectively.

As discussed in chapter 3, there is scientific ewsdasf genetic and teratogenic effects like genetically
induced malformations, cancers, and numerous other heaftacts in the children of father and/or
mothers who were exposed to low doses of ionisingatidn. The current radiation risk model of ICRP
fails to predict or explain the many observations and $tide revised.

Moreover, in the BSS-Directive and accordingly in theonatiimplementations a concretion of the
aim of the BSS should be made by decidedly includiagdhtus, children and young adults in the
scope of the radiation protection focus.

The working conditions of a pregnant worker, after declamtof pregnancy, should be such as to

ensure that the additional dose to the embryo/foetus wouldt exceed about 1 mSv during the

remainder of the pregnancy. (ICRP 103 2007, p. 85)dbkis seems to be too high, esp. according to

results of the effects of natural background on childhaathcer AZ & A3 Ev o }e E § « }( |
nSv/h (1.75 mSv/a) compared to those exposed to <18@m (0.88 mSv/a) already show effects.

(Spycher et al. 2015)

4.1.1.3 Radiation effects from neutrons and protons are nobnsidered sufficiently

It has generally been assumed that the neutron and gamma-ragrbbd doses in the data from the
life span study (LSS) of the Japanese A-bomb sundwen®o highly correlated for an independent
separation of all solid cancer risks due to neutrons dinel to gamma rays.

However, with the release of the most recent data for alldscbncer incidences and the increased
statistical power over previous datasets, it is instructiee consider alternatives to the usual
approaches. Walsh (2012) presented a simple evaluaticgheodegree of independent effects from
gamma-ray and neutron absorbed doses on the all solidevangk with the hierarchical partitioning
(HP) technique.

The average relative biological effectiveness of neutnatative to gamma-rays, calculated directly
from fit parameters to the all solid cancer ERR model Wwith colon absorbed dose co-variables, is
65°%. Therefore, the determination of all solid cancer ribksed on reference to the colon absorbed
doses with a neutron weighting of 10 according to ICB#2Inay not be optimal, and this practice
should be reviewed. Any future improvements in neutnelative biological effectiveness precision
could have important public-health consequences, for epl@mfor the types of proton therapithat
produce unwanted by-product neutron doses, but alsotfee transport/storage of high radioactive
material and spent fuel.

67 (95% CI: 11, 170)

68 The biological effectiveness of neutrons incidenttbe human body is strongly dependent on the neutrenergy< because of the
variation of the secondary radiation with energy. InPCR3, the radiation weighting factor for neutronslefined by a continuous function.

59 proton therapy is a type of radiation treatment thatessprotons.
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4.1.1.4 Equivalent doses to single organs

According to BUND (2016) dose limits for single orgedditional should be included in the BSS-
directive, especially for gonads. But also thyroid dosesld be of relevance so reference levels for
food limits could be derived (see chapter 4.2.1.8)

The dose limit for skin in the BSS-Directive is sBObmSv for occupational exposure and 50 mSv for
members of the public. New studies show skin cancavarkers and after X-ray diagnostics, mostly
with doubling doses below 100 mSv (Mathews et al. 2@k31mitz-Feuerhake 2014; Mampel et al.
2015) Therefore in BUND (2016) a dose limit fan gkise for workers of 10 mSv/a and for members
of the public of 1 mSv/a is recommended.

Also the equivalent dose for the eye lens is regardetba high. Cataracts are now seen as stochastic
effects. Children are more sensitive (Worgul et al. EH9bose limit recommendations of BUND (2016)
for the eye lens are 10 mSv/a for workers and 1 m&wiembers of the public.

4.1.1.5 Dose limits and levels are too high

Not only the above mentioned equivalent doses for skid eye lens are too high, also the dose limit
and levels for the public.

The radiation protection model of ICRP has three pha€#3K1103 2007, p 103ff.):

X Planned exposure situations: normal operation in nucleailifies, decommissioning, waste
management, medical exposure, exposure in emergencwgtiiis once the emergency has
been brought under control

X Existing exposure situations (indoor radon, NORM)

X Emergency exposure situations

These situations are related to different dose limits dexkls:

Table 4 Dose limits and reference levels of ICRP (ICRP 003, 2able 5, 6)

Dose limit/reference levels by ICRP 0‘

Planned exposure situations: Members of the public: 1 m&v
Workers: 20 mSv/a
Existing exposure situations: >1-20 mSia

Emergency exposure situations (acu >20-100 mSya or acute
or annual doses)

If people are allowed to receive doses up to 20 or e¥6A mSv, ICRP argues that there will be no
significant increase in health effects or at least the bémaftweighs the negative effects. As discussed
in chapter 3, some studies have already proven that alstoaes lower that 100 mSv health excess
risk has been found.

Therefore, these dose levels need to be reducedafbradiation protection situations. In case of an
emergency, countries have defined their dose levetsstart of emergency protection measures like
iodine tablets or evacuation. These intervention levelslzased on the BSS-standards and therefore
on recommendations of ICRP and IAEA.
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In Austria, a country without NPPs, some of the interventerels are lower than in other countries,
f.e. staying indoor for children and pregnant women é&ammended if an effective dose of
1 mSv/7days is expected. The administration of iodindetabor children should start if a thyroid dose
of 10 mSv is expected. (IntV 200WW E}S S]vP %o }%aas [e b2 the Spfority under an
circumstances, in particular of the descendants

4.1.1.6 Collective versus individual dose

The ICRP has the opinion that collective effective dosetisitended as a tool for epidemiological risk
assessment, and it is inappropriate to use it in risk priagms. The aggregation of very low individual
doses over extended time periods is inappropriate, angdarticular, the calculation of the number of
cancer deaths based on collective effective doses frivial individual doses should be avoided. (ICRP
103 2007, p. 11)

The experts of the UIm Meeting (IPPNW 2014) havenaptetely different opinion. They argue that
the concept of collective dose is the current evidefases school of scientific thought for
quantitatively predicting stochastic radiation risk. Due te ttNT model also very low doses can have
health effects (as was already proved by several studieschapter 3). Also in BUND (2016) it is
recommended that besides the effective individual dosé simgle organ doses also the collective dose
should be used. Levels for the collective dose shddddetermined esp. in planned radiation
situations.

4.1.2 Recommendations for the interested public

The underlying assumptions of ICRP dose and risk catcuka outdated. It may not be possible to
make amendments of the BSS-Directive itself (or evenuthderlying approach of ICPR), but the
members states still have time until Feb 2018 to impletrtbe BSSDirective into national law. When
a member state implements the BSS-Directive in its nati@val it could introduce dose limits that
are below the maximum dose limits. Many countries haveimplemented the BSS-Directive yet, so
there is still time left for the interested public to tm the debate.

Of uttermost importance is the reduction of dose limitsdalevels, and of inclusion of single organ
doses for gonads and thyroid. The biological effectasof neutrons has to be considered.

The protection of the embryo/foetus and the genetic igtiéty of future generations have to be given
highest priority. Radiation protection must therefore supplent adult based models and take into
consideration the increased vulnerability of the embgmal the young child.

Radiation protection for female workers who are pregnant htovbe strengthened.

The use of radiation for medical diagnostics A op 0 (}E % }%0 [ Z 03ZU ps v A E
cause measurable health effects due to radiation. Reduttiaguse of diagnostic X-rays and nuclear

medicine to the absolute necessary minimum is urgentonemended. Strict indication guidelines

should be adhered to and only low-dose CT equipmendus®herever possible, ultrasound or

magnetic resonance imaging (MRI) should be preferred.

Transparency and public participation in radiation protecthas to be promoted. We have to live with
radiation risks from which we do not even benefit in sooases. The nuclear waste will accompany
human society for many generations. Therefore the pusliould get the possibility to participate in
the national BSS-implementing process.

Authorities should inform the public and radiation workersout uncertainties and gaps in existing
radiation protection knowledge, and NGOs should call far kind of information.
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ICRP and the Articlg&l-Group of Experts are the only expert groups who carthat time-being
influence radiation protection legislatiothough the ICRP has no democratic legitimation. And the
Article-31-Group which is staffed by the member states does als@ansult with the public. 1t would
be preferable to have also independently staffed expedugs with public participation who work
more transparently

4.2 Maximum permitted levels of radioactive contaminatioof food and
feed following a nuclear accident

After the accident of Chernobyl in 1986 large amount addf and feed were contaminated by
radioactive material. Not only Belarus, Ukraine and Rusera affected, but also many countries in
Europe inside and outside the EC (European Communitibsitatime). TheECwanted to make sure
that only such agricultural products were put on th€market that did not exceed defined level of
contamination. Therefore, three regulations for maximiewels in food and feed were established:
Council Regulation (Euratom) No 3954/&mended by Council Regulation 944/89 Euratom and
Council Regulation 770/90/Euratom. These regulations &itbtlhe European Commission to quickly
adopt an implementing regulation in case of a radioactietamination t for the first time such an
implementing regulation was applied in 2011 after the naclaccident in Fukushima.

After long years of revisioning teeregulations, in February 2016 a new regulation has entéanexd
force: Council Regulation Euratom 2016/62E ~o0 C]JvP }Av u AJupu % Eu]3s o A o-
contamination of food and feed following a nuclear acaider any other case of radiological

u EP v C_ ~(}} o A dh&fobduamdd@ed teXels in this new regulation are ladlyiche
same as in the old regulations from 1987. In the foltayiables, the food and feed levels are
presented:

Table 5: Maximum permitted levels of food contamitian (Council Regulation Euratom 2016/52

Annex I)
Infant Dary Other Liquid Minor
food**  produce** food food**** food*****
in in Bg/kg except in Bg/kg in Bg/kg
Bqg/kg minor
food
in Bg/kg
Sum of isotopes of strontium, 75 125 750 125 7,500
notably Sr90
Sum of isotopes of iodine, 150 500 2,000 500 20,000
notably 1-131
Sum of alpha-emitting 1 20 80 20 800

isotopes of plutonium and
transplutonium elements,
notably Pu-239 and An241
Sum of all other nuclides of 400 1,000 1,250 1,000 12,500
half-life greater than 10 days,
notably Cs-134 and Cs-137*
* Carbon-14, tritium and potassium-40 are not includethiis group.
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**Infant food: food that is clearly identified and labelled infant food, for consumption by infants in
the first year of life

*** Dairy produce is defined as products falling withthe following CN codes (Combined
Nomenclature) including, where appropriate, any adjustmesktsch might subsequently be made to
them: 0401 and 0402 (except 0402 29 11).

These CN codes ale@2015)

x 0401: Milk and cream, not concentrated nor containing addegar or other sweetening
matter

X 0402: Milk and cream, concentrated or containing addegbswr other sweetening matter.

x 0402 29 11: Special milk, for infants, in hermeticadlglasd containers of a net content not
exceeding 500 g, of a fat content, by weight, exceedhgo(EC 2016)

***% |iquid food is defined as products falling withireading 2009 and Chapter 22 of the Combined
Nomenclature. Values are calculated taking into account aopsion of tap-water and the same
values could be applied to drinking water supplies & tliscretion of competent authorities in
Member States.

These CN codes are:

X Heading 2009: Fruit juices (including grape must) agktable juices, unfermented and not
containing added spirit, whether or not containing addadjar or other sweetening matter
(EC2016)

X Chapter 22: Beverages, Spirits and Vinegar

r*x*Minor food is defined in Annex Il in the foodeVel regulation. This category includes several CN
codes, among them spices, some vegetables like gadiweet potatoes, Jerusalem artichokes, caviar,
cocoa, etc.

Table 6: Maximum permitted levels of radioactive c@mmination of feed (Council Regulation Euratom
2016/52, Annex IlI)

Sum of Cs-137 and Cs-134 in Bg/kg

Pigs 1,250
Poultry, lambs, calves 2,500
Other 5,000

There are no feed levels defined for other nuclidesttGs-137 and Cs-134.

The food levels are based on a reference level omBv per year for the increment in individual
effective dose by ingestion(Council Regulation Euratom 2016/52, recital 3) The feedls shall
contribute to the observance of the maximum food lescdibid., Annex III)

An important assumption in the food level regulation is tbaly 10% of food consumed annually will
be contaminated (Council Regulation Euratom 2016/52, recital 3) The mnamxi levels should apply
to food and feed originating in the European Union or amged from third countries. (ibid., recital 7)

Drinking wateris regulated by Council Directive 2013/51/Euratont, inember states are free to use
the maximum food levels for liquid food for water @mded for human consumption. (ibid., recital 6)
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In this Directive, derived activity concentrations upltb Bg/l are defined for several nuclides, which
is only a fraction of the maximum food levels.

Member states camlerogate temporarily from the maximum permitted lesls for specified food or
feed consumed on their territory. (Council Regulationaiam 2016/52, recital 19)

4.2.1 Discussion of specific problems of the food levebulation

In radiation protection the overall aim is the protection lefiman health and the environment
Consumption of radioactive contaminated food results inregestion dose to the human body. In the
first years after the accident of Chernobyl, ingestiontdbanted extensively to the total dose. For
example: In Austria, 75% of total dose for adults were @u@gestion in the first year after Chernobyl
(May 1986-May 1987). (BKA 1988, p. ZR2 most important nuclides were lodine-131, Caesii8#-
and 137, Strontium-90 and plutonium isotopes, but also otfmeclides contributed to contamination
and doss.

Therefore it is very important for minimizing radiatibaalth effects to consume as less contaminated
food as possible. With these food level regulationthefEC it is in question if this aim can be reached
at all. In this chapter, the problems ard e pee SZ § }po pv Eu]v % E}S S]JvP %o } %o

4.2.1.1 How much food can be contaminated after a nuclearcadent?

In Council Regulation Euratom 2016/52 it is assumeddhit 10% of food consumed annually will be
contaminated after a nuclear accident. (Council RegulaticatBon 2016/52, recital 3) In the same
recital, a publication of the European Commissigl(998) is mentioned as the scientific =for the
maximum food levels. Thi®-called Publication 105 has been written in 1998 byAligcle-31-Group

of Experts to review the rationale underlying CouncijiRation Euratom 3954/87. The expert group
introduced a factor f which reflects a judgement that tineerage annual concentration in food actually
consumed is only a fraction of the food limit (levée Art.-31-experts suggest f=0.1 (EC 1998, p. 6f).
This means that after an accident, only 10% of all foodaomred can be assumed as contaminatgd

to the maximum food levels. In the contrary, the other 99&e to be assumed &t contaminated

This may be the caska nuclear accident happens far from the borders of the did if the EU does
not receive much fallout. In the case of a nuclear accigetihe EU or unfavourable meteorological
conditions after an accident near the EU borders thisghli unlikely.

Even the Art31-Group recommends that this 10% may be valid for coustwlere food is mainly
obtained from shops, but not for regions where foodeiss widely distributed meaning regions with
high degree of self-supply and local food consumpt{&€C 1998, p. 7) In such cases, a higher value of
f could be specified. As mentioned before, membeatest can derogate temporarily from the
maximum permitted levels for specified food or feexhsumed on their territory. (Council Regulation
Euratom 2016/52, recital 19)

In their opinion from 2012, the ArB1-' E}u % JVA]S SZ Yuu]ee]}v ~8} ¢ IuSES]E }%o]V]
of urgency in the event of an emergency exposure situatiausing widespread contamination of food
consumed in the EU so that the assumptions underlyingrihgimum permitted levels are no longer
A o] Vv FHE%}puE « 3 uu E+* }(3Z @& vu 6 Ao }viurA % E C E
31 Group of Experts 2012) This shows that the Ziexperts do not eliminate the possibility that a
more widespread contamination can occur than they assumedtitBuquestionable if in case of such
a situation there will be enough time for adaption of theéblevel regulation. After the accident in
Fukushima (11 March 2011) it took only two weeks befitwee first implementing regulation was in
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force on 26 March 2011 (Commission Implementing Retigul EU 297/2011) From a radiation health
perspective it would be much better if the maximum ébéevels would be prepared for the worst
imaginable situation and be derestricted afterwards if needfor example if the food supply cannot
be guaranteed otherwise.

4.2.1.2 Outdated nutrition and food data

Nutrition and food data are not upe-date. Regulation Euratom 2016/52 is based on food data from
Publication 105EC 1998). These dietary data of Publication 105 again aredb@sein EC study of
1991. (CEC 1991) 8w underlying food and nutrition data are outdatedor about a quarter of a
century.

In CEC (1991), dietary habits and consumption patterns baega analysed for the countries that have
been EC member states by that time (Belgillmxembourg, Denmark, Germany, France, Greece,
Ireland, Italy, Netherlands, Portugal, Spain, UK). Misainegfood consumption data from 18 EU
countries: Austria, Finland, Sweden, Bulgaria, Czech RepHstonia, Latvia, Lithuania, Hungary,
Poland, Romania, Slovenia, Slovakia, Cyrus, Malta, Crblageefore out of 28 member states, only
(old) food data of 10 are includeth the underlying data for the food level regulation.

Anexample for a change in dietary habits with possibledargnsequences on ingestion doses is the
use of sweet potatoes, a vegetable that is getting incregigipopular in several European countffes
Even in countries like Austria, where there has beeragricultural production of sweet potatoes,
since a few years this vegetable is produced in risinguams. Nevertheless, in Council Regulation
Euratom 2016/52a "« u %o E IR the sweet potato is still listed asinor food and has therefore
much higher food levels as other vegetables. When camsg only 2.4 kg of maxiahcontaminated
sweet potatoes per year, an ingestion dose of 2.5 mSulte for adults. 2.4 kg responds to
200g/month. For children the resulting dose is evéghler: consuming of one serving (129)@f sweet
potatoes per month that are contaminated to the maximum lenesults in an ingestion dose of 4 mSv.
The same is true for Jerusalem artichokes and other vetgtadn the minor food list that have
become fashionable in the modern European kitchen.

New dietary data would be available for example at theoliaan Food Safety Authority EFSA

Another problem is theategory dairy produceln Council Regulation Euratom 2016/52 it is clearly
defined that only milk and cream are included in this gate. All other dairy produce (yoghurt, butter,

Z « U psSs CEulol 8§ Xe o}vPe SE Z)nths |43t yEaTs, AjesZhave been shifts
of consumption patterns in the dairy produce section, fre Austria less milk and more cheese are
consumed® t and this results in changes in assessed ingestionsdoseause other maximum food
levels are allowed for these two product groups

An example: According to nutrition recommendations irsthia, an adult woman should eat 172 kg
dairy produce per year. If it is assumed that all 172degmilk or cream, an effective ingestion dose of

0 see fe. https://www.theguardian.com/business/2006t/18/british-farmers-crack-the-sweet-potato, seen .23Feb. 2017,

http://www.freshplaza.de/artikel/6570/%C3%9CbersichieWnarkt-S%C3%BC%C3%9Fkartoffeln  (Spain), seen 20. B617,
http://www.nachrichten.at/freizeit/essen_trinken/R@orange-Batatausdem-Seewinkel;art115,1053103, seen 23. Feb. 2017

"1 Recommended vegetable consumption for 1 year oltticdm 120g/d (Alexy et al. 2008)
2 https://www.efsa.europa.eu/en/food-consumption/coprehensive-database

73 Milk consumption per capita is slowly decreasing esiteconsumption has changed by 2.6% up to 19.4 (BVdL.FUW 2014)

43



5.6 mSv would result if every product is contaminatedhte maximumBut if it is assumed that all 172
kg are butter, yoghurt, cheese etc., an effective inggstiose of 17.4 mSv would result.

In the Publication 105 there is no such distinction far thairy produce into two separate categories
foreseen. The experts especially highlight the necgsdiore restrictive food levels for dairy produce
due to their large consumption quantities. (EC 1998 )p. 6

Most of the food consumption data for 1 year old childrehave been taken from Kaul (1988).
Nevertheless, the value of 10 kg potatoes/year can neibbeefound in Kaul (1988) nor in CEC (1991).
The Art.-31-Group describes the food consumption rate for 1 yeat iofants as about 50% of an
posS[e ] 8§ ~ i 0 dtitheréore, bt deast 17.5 kg potatoes per year should Haeen used if
compared to the EU adult (lower le¥$l Even this small adaption of 7.5 kg could lead to anstimge
dose of 2.1 mSv in one year (under the assumption thdt7ad kg of potatoes are contaminated).

The Art.31-Group recommends in its Publication 105 that member statesuld establish regularly
the typical dietary habits for different regions so thattive case of an accident no underestimations
of actual consumption rates occUuffC 1998, p. J¥This is really necessary and should be done by
member states on a regular basis.

4.2.1.3 Ingestion doses could exceed 1 mSv/a

The food levels in Council Regulation Euratom 2016/82based on a reference level of 1 mSv/year
for individual effective dose by ingestion accordingrécital 3. But will this dose level really not be
exceeded when using the food levels in case of aoiration?

In Publication 105 (EC 1998), the Ai-experts calculated doses for 1-year old children andvar
types of adults with different dietary habitsdcalled lover and higher level) for five different nuclides
(G14, Sr-90, 1-131, Cs-137, Pu-239). When calculdiiigngestion doses, factb{see chapter 4.2.1.1)
was set to 0.1 for all food except baby food. For tidoiod the factor f of 0.01 was used.

In the following table, these calculated ingestion dosese summed up. The dose received b§4C-
was not included in the sum because in Regulation Eurafait6/82 it is also not included. In EC (1998)
a wrong dose coefficient for Pu-239 was used, thismeorrected in the following table.

Table 7: Sum of effective ingestion dose for nuel&Sr-90, 1-131, Cs-137 and Pu-239 (baseB®©n
1998, table 5)

Foodstuff 1 year old EU adult lower level EU adult higher level
Total (without C14) 6.33mSv 3.11mSv 757mSv (7.77 mSv)*

*If 600l liquid food was included with f=0.01, thiswd result in an additional dose of 0.2 mSv (total
7.77 mSv)

The resulting effective ingestion doses are by fagher than 1 mSv per yeaAnd this is even the
case if it is assumed that only 10% of food and 1% wtligod are contaminated up to the maximum!

"4 Publication 105 (European Commission 1998), the3Arexperts calculated doses for 1-year old children awdwWo types of adults
with different dietary habits (so-called lower and héy level).
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For comparison ingestion doses are calculated based otargdi#gecommendations data. In the

following table it is calculated how much ingestion degeuld result from the consumption of food

that is contaminated up to the allowed leveiZ]e o0 po S]}v ]J¢ ¢ }v §Z /£ u%o }(
nutrition recommendations. For minor food, an assumpti@nincluded additionally to dietary
recommendations.

Table 8: Example Austria: Dose calculation basechatrition recommendations for an adult woman
and children (2-3 years); calculation based on asguion that the food is contaminated
up to the allowed level the whole year long (own lcaulation based on data from IfEW
and AGES 2012)

Adult woman Effective Child (23 years, Effective
(18-64 years), ingestion dose for recommended ingestion dose for
recommended  adult woman in consumption in child in mSv/a

consumption in mSv/a kg/a
kg/a
Milk 73 2.4 46 3.3
Other food 605 61.2 280 76.7
Liquid food 548 17.8 297 21.4
Minor food* 2.4 2.5 1.5 4.0
Total 83.9 105.4
Total under the 6.79 861

assumption that only
10% of food s
contaminated (and 1%
of liquid food)

*Sweet potato: assumed consumption per month 200g, fore tehild 120g; not part of
recommendation but realistic assumption

lodine-131 has a half-life of 8 days, therefore it cdaddassumed that food would not be contaminated
up to maximum food level for the whole year. But in ca$digh contamination of milk, powdered
milk could be produced and used later for regeneratioto dairy produce resulting in a longer
exposure phasd therefore for iodine also the maximum food levels tioe whole year were used for
calculation.

These calculated doses are in some aspects comparabie wose calculations by EC (1998), but for

children they exceed the doses from the A3l-Group. The nutrition recommendations are not
conservative, therefore people could even get higheseb, especially ifpPZ & u}luvse }( “u]v}i&E
(}} _ o]l A & %}% 8} + E }vepu pUSev}( 'BPZEE (}} X &}E &£ u%o U
meat consumption is recommended up to 19 kg per yeamfomen, but actual consumption is 33

kg/a. (IFEW and AGES 2012) Consumption data for men archégher.
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4.2.1.4 Drinking water

Radioactive contamination of drinking water is regulatedCioyincil Directive 2013/51/Euratdfip but
in case of a nuclear emergency member states are atsotfr use the maximum food levels for liquid
food for water intended for human consumption. (CourRégulation Euratom 2016/52, recital 6)

In Council Directive 2013/51/Euratom no maximum faeekls as such for drinking water are defined,
but parametric values which have indicative function. Thisans if such a value is exceeded,
radiological investigations are needed. 0.1 mSv indicativee is defined as parametric value for
radionuclides (resulting from artificial and natural radioldies, but without radon and tritium). From
this indicative dose, activity concentrations for radiomdet can be derived. Basic assumptions are
that an adult is assumed to consume 730l drinking wateafa] the ingestion dose coefficients of ICRP
are used

In the following table, the maximum food levels and tterived concentration levels are compared.

Table 9: Drinking water: Comparison of maximum foleels according to Council Regulation
Euratom 2016/52, and derived concentrations accardito Directive 2013/51/Euratom,
in Bg/l based on consumption of 730I/a (adult)

Council Regulation Euratom 2016/5 Directive 2013/51/Euratom

Food level Derived concentration
Sr90 125 Bg/l 4.9 Bg/l
1-131 500 Bq/l 6.2 Bq/l
Pu239 20 Bq/l 0.7 Bq/l
Cs137 1,000 Bq/l 11 Bo/l
Total effective ingestion 17.8 mSv 0.43 mSv

dose for an adult per
year after consuming
2iid

As mentioned before, in Publication 105 the contaminatiate of drinking water is assumed to be
only 1%. (EC 199&ble 6, footnote e) If the calculated ingestion doseddults of 17.8 mSv is divided

by 100, it results in 0.18 mSv. But if a country usesir(ly) surface water as source for drinking water,
in case of radioactive contamination it can be expected thaargel part of the surface water is

contaminated severely. According to a water quality repeit, EU countries mostly rely on surface
water, many other use surface water in combination withugrd water for drinking water. (KWR 2011

Therefore, an assumption of a 1%-contamination rate couddl [® massive underestimations of

ingestion dose.

Moreover it is confusing that two regulations are validtla¢ same time which are based on two
different doses (1 mSv versus 0.1 mSv). The 1 m$wdang to Council Regulation Euratom 2016/52
can only be reached if a contamination rate of 1% is assufsee above), and the 0.1 mSv of Council
Directive 2013/51/Euratom can only be reached if juse a the nuclides is present at maximum
activity concentration. To ensure the lowest possibletaarination of humans with radionuclides of

75 This directive should have been brought into fobyemember states until 28 Nov 2015; as of 20 Fely 26till three countries (Portugal,
Spain, Belgium) have open infringement cases farrfaiio adopt and/or notify transposition of by Couhnbirective 2013/51/Euratom.
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artificial origirf®, a more conservative approach should be preferred. Mdeate maximum food levels
for drinking water that do not lead to an ingestion dodenwore than about 0.025 mSv for a sum of
relevant nuclides (if 0.1 mSv for the maximum total Btggn dose is assumed (see chapter 4.2.1.6),
about one quarter could be due to drinking watesee table 8

In many European countries, people do not use tap waterdasking water but buy mineral
water/water in bottles. In mineral water, radionuclideSmatural origin can lead to a higher ingestion
dose, which should be regulated by the BSS-Directivenatidnal legislation to avoid unnecessary
ingestion doses.

4.2.1.5 Missing: food levels for pregnant women, breastfelad) women, children above 1 year
and young peofe

Besides children up to 1 year there are more riskugeothat should be especially considered in
radiation protection. These are pregnant women and theitfs, breastfeeding women, children
above 1 year and young adults (see also chapter 4.1)fdBihese groups there are no food levels
given.

4.2.1.6 Does areference level of 1 mSy effective dose framgestion provide enough protection?

The ICRP and the BSS-Directive defined a limit afteedose of 1 mSv/a for members of the public
As discussed in chapter 4.1, this dose limit is toghhand should be lowered. The current
recommendation of the German BUND is to reduce the dinsé from 1 mSv by a factor of ten to 0.1
mSV’ based on new insights in radiation health effects (seapters 3 and 4.1)Also in 2010, the
European Committee on Radiation Risk (ECRR) reconmuetitht the total maximum permissible
annual dose limit to members of the public involvirdeases of anthropogenic isotopes or natural
isotopes delivered in a novel fashion should be kegibty 0.1 mSv as calculated using the ECRR
model. . ~ ZZ TiiiU % X i0i-

In the food level regulation, 1 mSv only from ingestitose is used as reference level for the maximum
food levels. In the first year after an accident the edmition of the ingestion dose can be very high
The share otaesium ingestion in the effective dose after Chernolggs in average 54% for Europe,
and the share of iodine ingestion in the thyroid doses®0-100%.(Drozdovitch et al. 2007) In Austria,
for example, 75% of the total dose for adults in thstfyear after Chernobyl resulted from ingestion.
(BKA 1988) Therefore it is of uttermost importancekeep the ingestion dose as low as possible. A
substantial reduction of the maximum food levels is neeeg

If a 1 mSv dose limit from all pathways is set in theB&S%tive for members of the public, than the
reference level for the ingestion pathway should berei@ver than this limit, because after a nuclear
accident there will also be contributions from other pathwayespecially external radiation or
inhalation, besides the exposures from medicine and radeollowing the argumentation of ECRR
(2010) and the German BUNDor lowering the dose limit to 0.1 mSv/a, the refererlevel for the
food levels should also be lowered to 0.1 mSv effectlose from ingestion.

65 drinking water also naturally occurring radionuctidee of relevance, this is not discussed here.

77 https://www.bund.net/themen/aktuelles/detail-aktuellefmews/neues-strahlenschutzgesetz-muss-gesundheitekiarorrang-

einraeumen/ seen 23 Feb. 2017
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To keep under an ingestion dose of 0.1 mSv for afidlgroups of pedle (infants, adults lower level
and adults higher level), the current food levels havée reduced by a factor of 80 (multiplied with f
= 0.0125).

Table10: Comparison of effective ingestion doses for naes Sr-90, 1-131, Cs-137 and Pu-239 (based
on EC 1998, table 5), reduced by a factor of 80

Foodstuff 1 year old EU adult lower level EU adult higher level
Total (without C-14) 6,33 mSv 3,11 mSv 7.77 mSv
Reduced by a factor of 8l 0.08 mSv 0.04 mSv 0.10 mSv

4.2.1.7 Confusing variety of legislation
Interesting in this context are food levels in useifoformer use) by other countries.

The first example is Austriaa country without NPPs in operation. The levels in thioiong table
A E A o] (JE pSE] [ 199h}(BKN19HA) h ]v

The European Communities also defined food levels &tesrnobyl. In parallel to Council Regulation
Euratom 2016/52, maximum food levels for imports ofddeom third countries after the Chernobyl
accident were in force. They were first establishedCioyincil Regulation (EEC) No 1707/86 of 30 May
1986. Until March 2020, Council Regulation 1048/2008 fsrce, still using the same food levels as
the first regulation from 1986.

After the accident of Fukushima, the EU made an implemmgntegulation for food imports from
Japan, based on the precursor Council Regulation (Eurator8pBd#/87. (Commission Implementing
Regulation EU 297/2011) In this first implementing regafathe food levels of Council Regulation
(Euratom) No 3954/87 were put into force for productgnted from Japan. But this implementing
regulation was adapted shortly after that to become better cargble to Japanese food levels. Food
levels from implementing regulation 351/2011 are alseegiin the following table for comparison.
(Commission Implementing Regulation EU No 351/2011)
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Table11: Comparison of food levels for selected food graum Austria after Chernobyl before accession to tB&), in EC/EU after Chernobyl and Japan after

Fukushima
Nuclides| Council Regulation EU: Second Japan2011lafter Austria until accession EC/EU for food
Euratom 2016/52 Implementing Fukushima to EU (BKA 1991) imports affected by
implementing regulation 351/2011 Chernobyl
regulation 297/2001 after Fukushima Council Regulation
(first after 1048/2009
Fukushima)
Infant Caesium 400 200 111 370
food
lodine

Vegetables Caesium 1,250
lodine 2,000 2,000 2,000 74
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The maximum food levels in these legislation diffaywvauch and cause confusion for consumers. In
the case of Fukushima it is especially not understandalbig w the very first phase the high food
levels of the EU were used even though Japafso a country with a big nuclear industras lower
levels. Only after protests these levels were lowerétso the Art31-Group recognizes that food
levels have to be lowered if théublic and political understanding is that any level is edbedine

SA v e ( Vv pve (_X ~ ES3] o 1iliE@pipafeftthéepeds secdgnized that
the food levels in Japan were lower, they agreed to lotle food levels in case of Fukushima imports
to match with Japanese levels.

4.2.1.8 Missing: thyroid dose

Especially after Chernobyl it became obvious that thefdskealth effects to the thyroiavas higher
than expected. Therefore not only the effective dose babdhe thyroid dose (equivalent dose) should
be used as a basis for the maximum food levels of iodio®pes.

When using the assumptions of the food level regulatibie, following thyroid dose could result from
the consumption of 35 kg baby food in half a year (BB 1@&ble 6 footnote d), under the assumption
that 50% of iis contaminated up to the maximum food level: An infant Wbget a thyroid dose from
ingestion of 9.8 mSv (mainly from iodine).

For comparison: In the German Radiation Protect@\StrlSchV 2001, § 47), a threshold for thyroid
dose resulting from nuclear installations during normpéation is defined with 0.9 mSv/year.

Especially for all risk groups (infants, pregnant and lhfeeding women, foetus, children and
adolescents) it would be necessary to re-define the maxinfood levels to include a reference dose
for the thyroid

4.2.1.9 Missing nuclides

During nuclear accidents many nuclides can be emitted,rgnibem C-14 and H-3 (tritium). These
nuclides have not been taken into consideration infibed level regulation, even though the ABl-
experts have recommended to include at least C-14 ane@ na&de calculations for it in Publication
105 (EC 1998). Both nuclides of natural origin are inujyger atmosphere, but they can also be
produced by normal operation in nuclear facilities, ieac bomb fallout and accidents. For the health
effects of tritium see Bertell (2005), for C-14 see tebsite of IRSN

Also the maximum permitted levels for feed are not qgiete, because only the contamination with
caesium is regulated. But especially iodine is importarihe first phase after an accident. Green
fodder can be severely contaminated from iodine falldatline levels for feed should be added.

4.2.2 Excursus: Food levels and agricultural countermea&suin case of nuclear
emergencies

In Austria and Germany a catalogue of agricultural counternteasin case of a severe nuclear
accident defines decision bases for the start of certaincaiural countermeasures in the pre-release
phase of a nuclear accidentf the following values are exceeded, food productsould be

& http://www.irsn.fr/EN/Research/publications-documeatton/radionuclides-sheets/environment/Pages/carbonldveonment.aspx
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contaminated above the maximum food levels of Regtibn Euratom 2016/52 (BMLFUW 2014b, p.
29)

Soil contamination:

{ lodine 700 Bg/m?
{ Caesium: 650 Bg/f

Example Environmental Impact Assessment (EIA) Bohunice 11l (#V8EIR015): Data from the Slovak
authorities showed that in case of a severe accident a snaatl @f Austrian territory could be
contaminated with about 2,460 Bq Cs-137/emd 10,000 Bq I-131/m

According to the Austrian catalogue, the following agrica@tumeasurements should start
immediately if soil contaminations above the above mentionatlies are expected:

{ Immediate harvesting of marketable products
{ Putting livestock into stables

Both measures will lead to a variety of consequencesdioners and consumers, most of them can be
argued to cause negative impacts.

In future EIA procedures neighbouring countries stiadntrol contamination data in case of nuclear
accidents to review if its food production could be imggacwith food reaching the maximum food
levels according to Regulation Euratom 2016/52.

4.2.3 Food contamination: conclusions and recommendations

The maximum permitted food levels in Council RegulaBonatom 2016/52 are too high due to the
following facts:

For dose calculations in the food level regulation an extion is used that only 10% of all food is
contaminated up to the maximum, and 1% of liquid foaskpectively. This will not be true in a worst
case of a severe nuclear accident in one of the EU memstees and under unfavourable
meteorological conditions. Therefore, the maximum fdesels should be conservatively calculated
without using these two factors.

When the assessment of the ABL-Group of Experts in Publication 105 (EC 1998) iscdestd, an
effective ingestion dose level of 1 mSv will be exeekfor infants and adults using the assumption
that in one year only food is consumed of which 10% f{&Pdiquids) is contaimnated up to the
maximum permitted level. This recalculation results ih-3.8 mSv instead of 1 mSv (see chapter
4.2.1.3)

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 dun lead to much higher ingestion dose

than assumed in the food level regulation. For exampl20Dg (adult) or 120g (child) of the new

A% E(}} _ cA 5 %}8 8} ¢ E IveuueSPvEIU}IYEIXNA wIAP~ pode v &
(child) would result, because sweet potatoes are classifis minor food and therefore have a very

high food level.

Moreover, 1 mSv as reference dose for the effectivgestion dose is as such too high. Following
recommendations by the ECRR (ECRR 2010) and the Germaf{ B reduction of the dose limit

80 https://www.bund.net/themen/aktuelles/detail-aktuells/news/neues-strahlenschutzgesetz-muss-gesundhaitekl-vorrang-

einraeumen/, seen 23 Feb. 2017

51



in the BSS-Directive from 1 mSv to 0.1 mSv/year fambers of the public, such a reduction can also
be demanded for the reference ingestion dose undedythe maximum food levels. Taking into
account that the ingestion dose contributes to a large ekterthe total dose the reference dose in
the food level regulation should also be reduced subissdlg to 0.1 mSv.

To reach an ingestion dose of 0.1 mSv for all threeigs of people (infants, adults lower level and
adults higher level), the food levels have to be redlibg a factor of 80.

Such lower food levels would provide better protect than the food levels from the recent Euratom
regulation.

Additional necessary changes in the food level regulation

1. dZ (}} S P}YEC _ ]JEC %E} p E$Z}@ C Jv(dpw Jpreduceo JEC
and not only milk and cream. Milk products can be aslizighntaminated as milk itself.

2. The food levels for drinking water should be regulateore preciselyt are they obligatory for
all member states or not? Otherwise this could leadiféedent food levels for drinking water
in different EU countries.

The missing nuclides C-14 and H-3 should be indludthe food levels.

For feed, levels for other nuclides, especially f@ itdine group, should be introduced.

5. The food levels should be adap by underlying also a reference dose for the thyroidel

»w

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 (European Commiss898.1p. 7) This recommendation is very
important. The interested public should ensure that memb#ates have their updated dietary data
prepared so that on the occasion of implementing a fomgel regulation they can derogate from the

(}3} oA oe v JVEE} B (}} 0 A owSZEIVESZ q8E(WE} %0 [+ Z 03ZX

In case of a nuclear accident and no changes in the exi&iivd level regulation, people should be
advised to abstain from certain food products (like fresitk and dairy produce and fresh vegetables)
for a certain period of time. Independent experts an@®s should be prepared to inform people if
need be. Even if it can be assumed that authorities conchmd and feed measurements properly,
independent laboratories for food control are very valiebs we have seen after Chernobyl, where
people can measure their food products very cheaply atdrgiependent information on food levels.

As a preventive measure, in EIA procedures assessmesgvere accidents should also include soil
contamination data and not only assessment of doses. Wids@hcontamination data, the need for
agricultural countermeasures in a possibly concernedoregan be evaluated so that the maximum
food levels will not be reached.
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5.2 Glossary

Absorbed dose (D)

The absorbed dose is the energy absorbed per unit ME®s.unit
of the absorbed dose is Gray (Gy), 1 Gy = 1 Joule/kg

Absolute risk (AR)

Absolute risk = incidenaw prevalence

Incidence = number of new cases of a disease occuiring
specified time period divided by the number of indivals at risk of
developing the disease during the same time

Prevalence = total number of affected individuals iropydation at
a specified time period divided by the number of indials in the
population at the time

Casecontrol study

The second best type of epidemiological study, of tipetgnalytical
study. Each case (a person with the disease) is compared
comparable person without the same disease (control-perskig
analysed if the exposure has been different. Resultsgiven as
odds ratios (OR).

Cl Confidence interval: In statistics, a confidence inteisa range o
values so defined that there is a specified probabilitg.(80%) that
the value of a parameter lies within this interval

Cohort study Cohort studies are the most reliable epidemiological stadof the

type analytical study. A cohort is a defined group of geapho
have been exposed, and their developing a disease ower i
compared to a so-called control-group, which is anottadrast who
has not been exposed. A cohort study starts before the zedl
disease occurs for the first time. the cohort and the ttolkgroup
should be comparable except for the exposure. Resules
presented as relative risk (RR or ERR).

Committed effective dose
committed equivalent dose

Dose commitment means that the effect of radiation is integda
over a time interval. For children, committed doses aafcualated
up to the age of 70, for adults a period of 50 yearsofeihg the
contamination is used. For each year in this time intergliivalent
or effective doses are calculated and summed up.

Confounder A confounder is another variable which can distort the effer
association between an exposure and outcome, f.e. sngpisna
confounder for determination of lung cancer causedégiation.

DDREF Dose and dose-rate effectiveness fac@mfactor introduced by ICR

that generalises the suspected lower biological effectesmof low
dose radiation exposures as compared with exposuresyt thbses
and high dose rates. ICRP uses a DDREF of 2.

Dose coefficient

Sv/Bq, based on ICRP 119 (2012)

EAR, excess absolute risk

The attributable, additive risk

Ecological study

The third-best type of epidemiological study, of the tyfgscriptive
study. They are not based on individual but on collectiose-

63



response-relationships. Results are given in number exgns
having the disease per 100,000 persons in a given area

Effective dose

The effective dose (E) is the sum of weighted equivtaleses in al
tissues or organs of the body from internal and extemgosure.
For this purpose, the equivalent doses are multiplied wiisue
weighing factors (W. The unit of the effective dose is the Siev
(Sv).

Equivalent dose

The equivalent dose @His used to assess how much biolog
damage is expected from the absorbed dose in a tisswamrgan
(T). For calculation, the absorbed dose is multipliedhvihe
radiation weighing factor (R). For different types of edidin
different factors R are used. R is highest for alpha ramfatind
lowest for gamma radiation, depending on their possititEdgical
damage. The equivalent dose can be calculated for stisglees or
organs; if these are summarized, the total equivalent dos¢
resulting. The unit of equivalent dose is the Siever}.(S

Epidemiology

Epidemiology is the study of health effects in spedifbopulations.
There are several types of epidemiological studies, agnttrem
case-control-studies, cohort studies and ecological studies

ERR= excess relative risk
also named attributable risk

ERR is an epidemiological risk measure that quantifies haahr
the level of risk among persons with a given levelegposure
exceeds the risk of non-exposed persons; differeotécidence
rates between exposed and non-exposed individuals

Gray, Gy

Unit of absorbed radiation, defined as the absorption of ¢jmale
of radiation energy per kilogram of matter

1Gy=1JKg

Incidence ratio

Also called absolute risk, cumulative incidence; numbkmnew
cases of the disease per year and 100,000 people

LSS, Lifespan Study

Long-term study on health effects on survivors of the atobombs
in Hiroshima and Nagasaki

Nested case-control study

This is a variation of a case-control study in which ardybset of
controls from the cohort are compared to the incident cas&he
nested case control model is generally more efficigmatn a case
cohort design.

Nominal risk coefficient

Sex-averaged and age-exposure-averaged lifetime risk estimat]
for a representative population.

OR

Odds ratio; OR is the ratio of the chance (not the probgbilor the
ex-posed person (case) to develop a disease in compatcsbime
unexposed person (control-case). Only for rare disedsash ag
leukaemia), OR is about the same as RR. If OR =1, both pésaee|
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the same chance to develop the disease, OR =2 means tha
exposed person has a two-fold chance to get the diseasgpared
to the non-exposed person.

p The p-value determines the significance of the resitiis.a number
between 0 and 1. A result is statistically significapt<f0.05.
Prevalence Proportion of surveyed population having developed tlsedse

Radiation detriment

A concept used to quantify the harmful health effects adliation
exposure in different parts of the body. It is defindy the
Commission as a function of several factors, includingiémce of
radiation-related cancer or heritable effects, lethality ofesie
conditions, quality of life, and years of life lost ogito these
conditions.

Reference level

A reference level is not a dose limit, but representsoaedabove
which it is strongly recommended to reduce contamination

RR

Relative risk or risk ratio; RR is the ratio of the probabdity
occurrence of a disease among the exposed group to thaira
the unexposed group. RR is the result of a cohort stickample:
RR = 1 means that the risk for the disease does not depen
exposure. RR 2 means that the exposed cohort will twice as lik
develop the disease than the non-exposed group. RRL me@ans
§Z $ 3Z uEA C E%}eu@E& ] ZvdIgXo

Standardization

Real life groups of people (f.e. inhabitants of differdidtricts) are
not comparable as such due to different age structures. dewh
groups it can be calculated how many cases of a diseas&woalir
if the groups would be similar in age-structure, thicadled age
standardization or age adjustment.

Sievert, Sv

Unit of radiation dose
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5.3 Abbreviations

For more explanations see the glossary.

AR Absolute risk

Bq Becquerel

BSS Basic safety standard

Cl Confidence interval

CLL Chronic lymphoblastic leukaemia

CM Congenital malformations

CT Computer tomography

DDREF Dose and dose-rate effectiveness factor
EAR Excess absolute risk

EC European Commission

ERR Excess relative risk

EU European Union

Gy Gray

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection
IPPNW International Physicists Against Nuclear War
LNT Linearno-threshold

LSS Lifespan Study

m milli

NGO Non-governmental organization

OR Odds ratio

RBM Red bone marrow dose

RR Relative risk

Sv Sievert

TORCH The other report on Chernobyl

UNSCEAR United Nations Scientific Committee on the Effects of AwiRadiation
WHO World Health Organization
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