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[bookmark: _Toc33882772]Background
The IAEA safety standards are based on the international framework of understanding on the levels and health effects associated with radiation exposure. These have been studied over decades by UNSCEAR. UNSCEAR was established by the United Nations General Assembly on 3 December 1955. Its mandate is to undertake broad assessments of sources of ionizing radiation and of the effects of ionizing radiation on human health and the environment. In pursuit of this mandate, UNSCEAR thoroughly reviews and evaluates exposures to radiation at the global and regional levels and evaluates evidence for radiation induced health effects in exposed groups. UNSCEAR also reviews advances in the understanding of the radiobiological mechanisms by which radiation induced effects on human health or on non-human biota can occur. UNSCEAR estimates are finally based on epidemiological evidence.
In 2015, the UNSCEAR 2012 Report to the General Assembly and its Annexes on attribution of health effects and inference of risk (A/67/46) was published [1]. The UNSCEAR 2012 report raised questions about understanding among experts and communication with the public regarding issues such as radiation exposure, health effects and future risks, and set out in clear language the concepts of retrospective attribution of radiation health effects to past radiation exposures and prospective inference of health risks from radiation exposures. 
In its response to the UNSCEAR 2012 report, the Commission on Safety Standards (CSS) requested that a Safety Report be prepared on how to apply the concepts of:
•	Retrospective attribution of radiation health effects to past radiation exposures 
•	Prospective inference of health risks from radiation exposures
•	Prediction of notional health effects for comparative purposes (e.g. use of collective dose)
[add some more background?] 
Terms in this Safety Report are to be understood as they are defined in the IAEA Safety Glossary [2]. The purpose of the IAEA Safety Glossary is to define and explain the usage of terms in the safety standards as a whole, and as such some of the definitions are necessarily inconsistent with the definitions included in the UNSCEAR 2012 report [1], which are for the purposes of that report alone. An understanding of the term ‘risk’ and its meanings are key to the topics of this Safety Report; explanations of the term and the various ways it is used are provided in Sections 2.2 and 3.5.
[bookmark: _Toc33882773]Objective
The objective of this Safety Report is to provide practical guidance on the application of the concepts of attributability of health effects and inference of risks, as set out in UNSCEAR 2012 [1], with regard to the facilities and activities covered by the safety standards. 
A clear distinction is made between circumstances for which health effects can be unequivocally attributed (individually or collectively) and those for which only risks might be inferred. The Safety Report focuses on how the scientific arguments in the UNSCEAR 2012 report [1] can enhance the understanding of key concepts in the safety standards and the application of the safety standards in particular circumstances.
The Safety Report also discusses how an understanding of the concepts of attribution and inference can improve the communication of radiation risks in different circumstances. 
The target audience of this Safety Report is experts on safety in regulatory bodies, other relevant authorities, operating organizations, technical support organizations and international organizations. It is also expected to be of wider interest among the scientific community.
[bookmark: _Toc33882774]Scope
This Safety Report addresses the entire scope of safety standards, i.e. it covers all circumstances that give rise to radiation risks, for the entire lifetime of all facilities and activities — existing and new — utilized for peaceful purposes, and protective actions to reduce radiation risks. See also Section 3.2 on the scope of the safety standards. Specifically, it addresses radiation protection, nuclear safety, emergency preparedness and response, and protection of the environment.
This Safety Report addresses issues of attribution of health effects to radiation exposure and inference of risks. Legal imputation of detrimental effects to individual actions is outside the scope of the safety standards, and as such it is also outside the scope of this Safety Report.
[bookmark: _Toc33882775]Structure
[to be prepared at the end]


[bookmark: _Toc33882776]RISK-RELATED CONCEPTS
[in the DPP it is envisaged that this would be Section 3. But I cannot see anyway to work the logic of the whole Report without swapping the order of Sections 2 and 3. In fact this was suggested at EPReSC in June 2019, turns out the EPReSC suggestion was correct.
I have restructured this section so that 2.1, 2.2 and 2.3 address in turn the three questions the CSS asked the Safety Report to look at]
[bookmark: _Toc33882777]Retrospective attribution of radiation health effects to past radiation exposures
Deleterious health effects of radiation exposure can be categorized in two groups, namely: 
· Deterministic effects, which are described as injury in populations of cells, characterized by a threshold dose and an increase in the severity of the reaction as the dose is increased further, also termed tissue reactions. 
· Stochastic effects, malignant disease and heritable effects for which the probability of an effect occurring, but not its severity, is regarded as a function of dose.
[bookmark: _Toc33882778]Deterministic effects
Characteristics of deterministic effects
As the human body is exposed to ionizing radiation, a process of ionization occurs that inevitably alters atoms in molecules, at least transiently, and thus may alter the structure of molecules in cells. If molecules within a living cell are affected, components of cells may be altered or damaged. Damage to DNA in cells is particularly important because it may prevent the survival of the cell or reduce its capacity for reproduction, or it may result in a viable but modified cell. If enough cells in a living organ or tissue are killed, or if enough cells are prevented from reproducing and functioning normally, there will be a tissue reaction. There may eventually be a loss of function of the organ or tissue, resulting in deleterious health effects. 
Deterministic are usually acute and occur early in individuals exposed to radiation at high doses. Examples of deterministic effects include erythema (i.e. skin burns), damage to the haemopoietic system, acute radiation syndrome (i.e. radiation sickness) and epilation (i.e. hair loss).
Deterministic effects can occur only if the radiation dose exceeds a certain threshold level of dose. Below the threshold level of dose, no health effect is caused. Above the threshold level of dose, however, a deterministic effect is more severe for a higher dose. The level of the threshold dose is characteristic of the particular deterministic effect. It is also related to the length of time of exposure (i.e. the protraction of the dose), and it may depend, to a limited extent, on the individual who is exposed. 
Attribution of deterministic effects
As stated in UNSCEAR 2012 [1], a deterministic effect in an individual can be unequivocally attributed to radiation exposure by means of a differential pathological diagnosis that eliminates possible alternative causes. That is, deterministic effects are provable.
[bookmark: _Toc33882779]Stochastic effects
Characteristics of stochastic effects
[bookmark: _Hlk21446047]Exposure to radiation can also induce the non-lethal transformation of cells, which may still be viable and may still retain their capacity for cell division. The human body’s immune system is very effective at detecting and destroying abnormal cells. Modified somatic cells may survive, however, and may still retain their reproductive capacity. They may thus give rise to descendant modified cells that might eventually develop into malignant diseases such as leukaemia and cancer (solid tumours). Germ cells have the function of transmitting genetic information to the descendants of an exposed individual. Modified germ cells hypothetically might transmit altered genetic information to the descendants of an exposed individual and thus cause harm to the descendants in the form of hereditary effects. Such random somatic effects and hereditary effects, which may originate from a single modified cell, are termed stochastic effects.
The minimum latency period for the manifestation of stochastic effects may be from a few years in the case of leukaemia to tens of years for other malignant conditions such as solid cancers. 
The probability of occurrence of a stochastic effect is greater for a higher radiation dose and the severity of the effect (if it occurs) is independent of dose. For the purposes of the safety standards, it is assumed that the probability of the eventual occurrence of a stochastic effect (but not its severity) is proportional to the dose received, with no threshold (see Section 3.3). 
Attribution of stochastic effects
At present, it is not possible to unequivocally attribute a stochastic effect in an individual to radiation exposure. This is the case because even in the absence of radiation exposure, similar effects that are indistinguishable from stochastic effects of radiation exposure, such as those effects that are due to other carcinogens, might still be manifested. Even the discovery of a biological indicator or biomarker specifically for effects of radiation exposure at low levels of dose and low dose rates would not change this epistemological limitation, because it is unlikely or impossible that effects of a particular exposure to radiation could be differentiated from the effects of exposure to natural background radiation. Unequivocal differential pathological diagnosis on individuals for stochastic effects of radiation exposure is therefore not at present possible. That is, stochastic effects are not provable.
It is possible, however, by means of epidemiological studies of populations of people, to attribute an increase in the frequency of occurrence of stochastic effects to radiation exposure. Such an attribution may be possible provided that, among other things, the change observed in the base level incidence of the stochastic effect is high enough to overcome the inherent epistemic uncertainties of epidemiology data and the uncertainties due to statistical limitations of epidemiology.
An example is the incidence among children of certain thyroid cancers for which the spontaneous (background) incidence is low and the radio-sensitivity for the effect is high. The attribution of such an effect in any particular individual to radiation exposure might seem plausible, particularly if that exposure were high. But even in such a case, the effect in an individual could not be attributed unequivocally to radiation exposure. 
However, in other situations, for example where the change observed in the base level incidence of the stochastic effect is small or when the dose is low, it is not possible to attribute an increase in frequency of a stochastic effect in a population to radiation exposure. [I think it is worthwhile to state this; though I haven’t found a concrete statement to this effect in UNSCEAR 2012 or in the contributions from drafters]
[bookmark: _GoBack][I have not included Abel’s contributions on attribution of hereditary effects, should this be added?]
 Uncertainties in attributing stochastic effects: epistemological limitations of radio-epidemiology
Estimates of stochastic effects are by definition indecisive, i.e. uncertain, particularly at low doses. Uncertainty is a descriptor and quantifier of the epistemological limits of the estimations. It is the concept used to qualify what is not known, reliable or definite and when science is not completely confident or sure. Two types of uncertainties are usually recognized: statistical or aleatory, which are due to the stochastic variation of the magnitudes of the estimates; and epistemic, which are those due to lack of knowledge founded on an incomplete characterisation, understanding or measurement of the system describing radiation effects. 
Uncertainties dominate the epistemology of the multiple phenomena linking radiation-induced DNA mutations with the expression of health effects. Knowledge is uncertain simply because many facts are ignored, the available information is not fully dependable, and therefore, the conclusions derived from such information may be doubtful. This is particularly the case when the radiation dose is low and delivered at low rates. The possible physiological mechanisms associated with protracted radiation health effects can be hypothesised, even inferred, but without complete confidence or assurance that the assumptions are correct.
UNSCEAR [1] has identified a large number of sources of uncertainty in the epidemiological estimates of radiation effects, which cause de facto ‘epistemological thresholds’, namely limits in the theory of knowledge about stochastic effects. 
The epistemic uncertainties include, the criteria for good-quality epidemiological studies, the impact of dose levels on the precision of risk estimates the impact of dose measurement error and other uncertainties on study associations, the use of biodosimetry for epidemiological studies of radiation risk, problems derived from of multiple comparisons in epidemiological studies, measures of radiation risk, including lifetime risk, transfer of radiation risk estimates between populations, and interactions of carcinogens, impact of human genetic susceptibility on radiation risk, effects of dose protraction or fractionation and radiation quality, thresholds and other departures from pre-difined dose-response relationship, and effect of age at exposure, latency and time since exposure.
For reasons of simplicity, it is sufficient to note the more dominant uncertainty, which is derived from the impact of dose level on statistical power and sample size, and assess its influence on demonstrability. This is the so-called statistical or aleatory uncertainty in the estimates, due to the impact of dose levels and the epidemiological sample size on statistical power.
[I did not include quite a bit of detailed text from Abel about the size of the necessary sample and the dose level, maybe a reference is sufficient? We also need to pick up this topic again in Section 4]
[bookmark: _Toc33882780]Prospective inference of health risks from radiation exposures
[bookmark: _Toc33882781]Frequentist risk and subjective risk
The concept of risk has to do with a prospective likelihood of some adverse consequences occurring in the future. It can be variously understood, depending on the context in which the term is used, as the probability of the consequences occurring, or even the adverse consequences themselves, or a situation leading to this likelihood. In the context of radiation-related health effects, risk is defined as “the probability that an event of interest (e.g. onset of cancer) will occur … during a given time period…” [1].
The quantification of risk (or probability) was originally founded on the retrospective analysis of actual experience on factual frequencies of past occurrences. In such cases, risk is primarily associated with the concept of frequentist probability defined as the limit of the relative frequency of occurrence of factual detrimental events occurred in the past, and supporting the statistical needs of experimental data. 
The concept of risk later evolved to include also subjective probability based on experts’ judgement. In the context of radiation-related health effects, this has involved using retrospective analyses, with appropriate modifying and adjustment factors, to make judgements about risk for different populations and for different circumstances for which direct epidemiological data are not available. As indicated in UNSCEAR 2012 [1], circumstances for which no direct epidemiological data exist and for which judgements needs to be made include: “(i) extrapolation of risks over lifetime, (ii), transference to another population; (iii) transference from one type of radiation to another; (iv) inferring risks from low-dose-rate exposure; and (v) inferring risks from low and very low doses”.
Although frequentist probabilities and subjective probabilities are quite different epistemologically, mathematically they are handled the same way, which has contributed to the lack of distinction between these two types of probabilities in practice.
[bookmark: _Toc32218910][bookmark: _Toc33882782]Radiation risks in estimating health effects
As discussed before, radiation health effects can be diagnosed in individuals through radio-pathology, namely by the science that deals with deterministic radiation effects and tissue reactions. They can also be estimated through radio-epidemiology, namely by the science concerned with the incidence and distribution of stochastic radiation effects in populations. Both sciences use the concept of radiation risk, although distinctly.
The meaning of radiation risk in radio-pathology departs from the association with incidence and frequencies of effects in large cohorts. Radio-pathologists identify effects attributable to radiation, rather than estimate their collective incidence; their aim is diagnosis and therapy rather than forecast. Their care of radiation-sufferers could be described as risk management rather than risk estimate; because risk in radio-pathology can be associated to a binary output: below the dose-threshold for the occurrence of a particular deterministic effect the radiation risk is taken to be zero; above the threshold-dose it is assumed to be one. The radiation risk-dose relationship for deterministic effects follows a logistic (namely sigmoid) function but in practice is taken as a threshold function, namely radiation risk takes the value of one if the dose exceeds a given threshold and zero otherwise.
The situation is different for radio-epidemiological studies dealing with stochastic effects. The concept of frequentist risk was and continues to be the basis for radio-epidemiological estimates of stochastic effects, which provide the core scientific basis for radiation protection at doses below the dose-thresholds for deterministic effects. 
Radio-epidemiological estimates are generally performed using data on frequencies of actual health effects factually incurred in the aftermath of past radiation exposure situations. These usually involved relatively high doses and high dose-rates (such as those affecting the cohort of Hiroshima and Nagasaki survivors). However, since UNSCEAR’s latest major evaluations of contributory mechanisms for radiation induced cancer were issued [UNSCEAR 2006, UNSCEAR 2010], substantial new data on risks associated with radiation exposure at low levels of dose and low dose rates, particularly for occupational exposure and medical exposure, have become available from epidemiological investigations. These more recent epidemiological studies confirmed the estimation of risks of cancer due to exposure at low levels of dose and low dose rates. The ranges of risk coefficients estimated from these various studies are consistent, and are found to be around 5% per sievert of dose [what reference?]. The ‘risk coefficient’ is the lifetime risk or radiation detriment (i.e. increase in the annual incidence of effects or increase in the mortality rate) assumed to result from exposure to unit equivalent dose or unit effective dose. The value of this risk coefficient may need to be altered as new scientific knowledge becomes available. Note that a risk coefficient of 5% per sievert of dose does not imply a risk coefficient of 0.005% per millisievert of dose.[there must be a better way of stating this, because it is counter intuitive; can it be said that the 5% per sievert is valid only at the moderate doses where the actual data were taken from?]
On these bases, radiation risks are expressed in radio-epidemiology as excess absolute risk, meaning the rate of disease in an exposed population minus the rate of disease in an unexposed population. Radiation risks are also expressed in radio-epidemiology as excess relative risk, i.e. the rate of disease in an exposed population divided by the rate of disease in an unexposed population minus one. 
[bookmark: _Toc32218911][bookmark: _Toc33882783]Inference of radiation risks for purposes of radiation protection 
In the approach to radiation protection, the ICRP defines a detriment-adjusted risk as the probability of the occurrence of a stochastic health effect, modified to allow for the different components of the detriment in order to express the severity of the consequence(s) (where detriment is a multidimensional concept which principal components are: the stochastic quantities: probability of attributable fatal cancer, weighted probability of attributable non-fatal cancer, weighted probability of severe heritable effects, and length of life lost if the harm occurs). 
In its publication 60 ICRP [x] first analysed the concept of risk. This included the formulation of precise quantities defining risk including the total probability of death (used as a reference) and the conditional and unconditional death probability rates. These quantities would eventually evolve into several types of estimates that can be used to calculate the lifetime risk, namely the probability that individuals will develop, or die from, a specific disease caused by a radiation exposure. These estimates include: 
· the excess lifetime risk, which is the difference between the proportion of people who develop or die from the disease in an exposed population and the corresponding proportion in a similar population without the exposure; 
· the risk of exposure-induced death, which is defined as the difference in a cause-specific death rate for exposed and unexposed populations of a given condition and a given age at exposure, as an additional cause of death introduced into a population; 
· the risk of losing life expectancy, which describes the decrease in life expectancy due to the exposure of interest; 
· the lifetime attributable risk, which is an approximation of the risk of exposure-induced death and describes excess deaths (or disease cases) over a follow-up period with population background rates determined by the experience of unexposed individuals. The lifetime attributable risk is used by ICRP to estimate lifetime risks and for establishing dose restrictions.
In the radiation protection paradigm, which needs to cover situations of high dose and high dose rate, as well as those of low dose and low dose rate, the distinction between frequentist risk and subjective risk it not normally made explicit. The frequentist probabilities arising from the epidemiological studies of populations exposed to relatively high doses and high dose-rates are used to propose subjective radiation risk estimates for low-dose, low-dose-rate exposure situations. No specific distinction is made between these two probabilities.
[bookmark: _Toc33882784]The dose-response relationship
The UNSCEAR estimates on levels and effects of radiation had been summarized by the United Nations Environment Programme (UNEP) in a booklet aimed at no-specialists. The estimates on effects has been synthesized by UNEP in a simplified graph version of the dose-response relationship shown in Figure 1. The doses indicated are described in Table 1 [1]:
TABLE 1. TERMINOLOGY FOR BANDS OF RADIATION DOSE
	Terminology for dose bands
	Range of absorbed dose for low-LET radiation
	Scenarios

	High
	Greater than about 1 Gy
	Typical dose to individuals after severe radiation accidents or from radiotherapy

	Moderate
	About 100 mGy to about 1 Gy
	Doses to about 100,000 of the recovery operation workers after the Chernobyl accident, doses to 173 Fukushima Daiichi recovery workers.

	Low
	About 10 to about 100 mGy
	Dose to an individual from multiple whole body computerized tomography (CT) scans, some occupational workers

	Very low
	Less than about 10 mGy 
	Most public and occupational exposure situations



.[this could be a place to expand on the various contributions to background radiation, as indicated in the DPP]
 UNSCEAR 2012 [1] made a distinction between three different regions of the dose–response relationship in relation to the observation of effects, namely:
Region 1. The high-dose region for which health effects are clinically observable in individuals by means of a pathological diagnosis by a qualified professional;
Region 2. The moderate-dose region for which effects are observable only statistically among populations, and for individuals are not attributable to radiation exposure, by means of epidemiological estimates by a qualified professional; 
Region 3. The low and very low-dose region for which effects may be scientifically plausible but are not observable and risks can only be inferred subjectively by means of the judgement of experts.

[image: ]
Fig. 1. The relationship of radiation doses and health effects (from UNSCEAR Radiation booklet [x]) [this will need to be redrawn because the figure is too big; also it could be used to show the three regions in a more tutorial way; Abel in his contribution used 5 or 6 adaptations of the same figure, but I think it could be done on a single figure. Any proposals?]

These three regions can be distinguished on several different bases, as follows:
· Observation of effects:
· In region 1, the effects are clinically observable in individuals, through a radio-pathological diagnosis and attestation or certification);
· In region 2, the effects are only statistically observable in populations (but not identifiable in individuals), through radio-epidemiological estimates and attestation or certification; 
· In region 3, the effects are not observable but can only be inferred through subjective judgments of experts.
· Frequentist probabilities vs subjective probabilities:
· In regions 1 and 2, the probabilities indicated are frequentist probabilities, i.e. factual frequencies of occurrence. They are based on the truthful and verifiable existence of radiation health effects, and are defined as the limit of the relative frequency of incidence of the effect in a series of certifiable epidemiological studies. 
· In region 3, the probabilities indicated are subjective probabilities, i.e. conjectures. They express a possible expectation that radiation health effects might occur, and are quantified by expert’s judgement that is not substantiated by the frequency or propensity that the effects actually occur.
· Attribution vs inference:
· In regions 1 and 2, it is feasible to attribute objectively effects to radiation exposure, either through attestation of a medical specialist of effects in an individual (region 1) or through epidemiological studies indicating an increase in the incidence of effects in an exposed population (regions 2);
· In region 3, it is not feasible to attribute effects, although there is the possibility to infer risks subjectively
· [bookmark: _Toc32218938]Pathological diagnosis vs epidemiological estimation vs expert’s judgment
· In region 1, the effects’ occurrence can be pathologically diagnosed in an exposed individual.
· In region 2, only changes in the incidence of effects in exposed populations can be epidemiologically estimated, usually by statistical calculations in cohorts of exposed people. 
· In region 3, there is only the possibility of expert’s judgment by conjectures mainly based on extrapolation of epidemiological knowledge from the moderate and high dose region and biological insight; but there is neither possibility of individual diagnosis in an exposed person nor of determinations of changes in the collective incidence of effects in an exposed populations by epidemiological studies.
[bookmark: _Toc33882785]Prediction of notional health effects for comparative purposes
The inference of possible effects that might result from prospective situations of exposure is subjective in nature. Nevertheless, calculations for projecting notional numbers of postulated health effects, although not individually attributable, in different situations can be useful for comparative purposes, provided that uncertainties in the assessments are properly taken into account. For example, authorities with responsibilities for public health have to allocate resources for measures for radiation protection appropriately and effectively. This may involve making projections of notional numbers of postulated stochastic effects for comparative purposes.
Study of the inference of radiation risks for prospective situations of exposure is outside the mandate of UNSCEAR. UNSCEAR 2012 [1] did nevertheless address the issue of the inference of radiation risks for exposure situations for which stochastic effects cannot be attributed to radiation exposure (region 3 in Figure 1). UNSCEAR considered that such mathematical models could not be used in its own evaluations to project notional numbers of stochastic effects of radiation exposure at low and very low levels of dose among a population (and even less, for projecting notional numbers of possible consequent deaths). UNSCEAR 2012 [1] cautions in particular against the multiplication of very low radiation doses by very large numbers of individuals to make projections of possible numbers of stochastic effects in individuals among a population exposed to radiation at incremental levels equivalent to or lower than typical levels of natural background radiation. UNSCEAR 2012 [1] states that “the Scientific Committee does not recommend multiplying very low doses by large numbers of individuals to estimate numbers of radiation-induced health effects within a population exposed to incremental doses at levels equivalent to or lower than natural background levels.” This is an extremely important conclusion because these theoretical calculations have been performed, as described before, and done a lot of harm already. UNSCEAR 2012 [1] brings an ultimate answer to this dilemma. The thesis implicitly demonstrated by the report [1] is that:
· Risks of health effects can be prospectively inferred for purposes of protection and safety, but
· Actual health effects cannot generally be attributed to radiation exposure situations just on the basis of those risks and, therefore, actual fatalities cannot be assigned on that basis to radiation exposure situations.
UNSCEAR 2012 [1] states that “The Scientific Committee notes that public health bodies need to allocate resources appropriately, and that this may involve making projections of numbers of health effects for comparative purposes. This method, though based upon reasonable but untestable assumptions, could be useful for such purposes provided that it were applied consistently, the uncertainties in the assessments were taken fully into account, and it were not inferred that the projected health effects were other than notional.”
This is a final and extremely important conclusion: the fact that health effects cannot be attributed to low radiation doses does not mean that radiation risk should not be prospectively inferred for purposes the Safety Standards (see Section 3). But the inferences must not be used to calculate retrospectively dead bodies or people killed by radiation exposure!


[bookmark: _Toc33882786]BASIS OF THE SAFETY STANDARDS
[in the DPP only sections 3.4 and 3.5 are envisaged. However, it seems impossible to launch into these topics without some introductory information about the safety standards, provided here in sections 3.1 to 3.3]
[bookmark: _Toc33882787]Purpose and use of the safety standards
Sources of radiation are features of the natural environment. The radioactivity of radioactive substances and the radiation these substances emit are natural phenomena. They are also artificially generated by humans. Radioactivity and radiation, both natural and human-made, have many beneficial applications, ranging from power generation to uses in medicine, industry and agriculture. Radiation health effects and radiation risks to people and to the environment may arise from these applications; they have to be assessed and, if necessary, controlled. 
The protection of people and the environment from harmful effects of ionizing radiation is a national responsibility. Governments establish a national policy for safety by means of different instruments, such as statutes and laws. 
The safety standards provide an international consensus on nuclear and radiation protection and safety. The status of the IAEA safety standards derives from the IAEA’s Statute, which authorizes the IAEA to establish or adopt, in consultation and, where appropriate, in collaboration with the competent organs of the United Nations and with the specialized agencies concerned, standards of safety for protection of health and minimization of danger to life and property, and to provide for their application.
The safety standards are part of the global nuclear safety regime. The regime establishes a consistent and comprehensive international agreed basis for the proper protection of people and the environment from radiation exposure. The global nuclear safety regime encompasses: 
· States’ legally binding obligations in protection and safety, which are expressed as international conventions, as well as voluntary obligations expressed as declarations of diplomatic conferences and codes of conduct; 
· The IAEA safety standards together with provisions for their applications, which support those legally binding and voluntary obligations. The safety standards form a basis for these legal instruments and also serve also as a global reference in order to help parties meet their obligations.
The IAEA safety standards are not legally binding on countries; however, they are widely applied and many countries decide to adopt these standards for use in national regulations. The IAEA safety standards are considered legally binding in respect of its own facilities and activities, and also on countries that receive technical assistance from the IAEA. 
The IAEA safety standards are issued in the IAEA Safety Standards Series, which comprises three categories, Safety Fundamentals, Safety Requirements and Safety Guides:
· The Safety Fundamentals present the fundamental safety objective and principles for protection and safety [3]. These principles provide the basis for the safety requirements. 
· The Safety Requirements are formulated in a manner that facilitates their use in establishing a national regulatory framework. The requirements represent the international benchmark for protection and safety, and thus they have major implications for regulatory policy and for decision making. 
· The Safety Guides provide recommendations on how to meet the requirements.
IAEA safety standards are based on the practical experience of Member States. They are produced through a process of international consensus building, through consultation with the cosponsoring organizations and Member States by means of a system of advisory groups of representatives of both Member States and intergovernmental organizations. The safety standards are sponsored jointly by many agencies of the United Nations system.
The safety standards are regulatory in nature, and their purpose is to provide instructive advice, for cooperative, constructive and collaborative use, and to support decision making. They are not drafted as legal documents and they do not contain statements that are intended to be contested in court.
In addition, the safety standards are not tutorial in nature, nor do they provide information for the record: rather it is through the application of the safety standards, by means of review missions and advisory services, and the provision training in Member States, that the IAEA safety standards are supported and further explained. In addition, informational reports on protection and safety are developed and issued by the IAEA, such as this Safety Report. These provide practical examples and detailed methods that can be used in support of the Safety Standards.
[bookmark: _Toc33882788]Scope of the safety standards
The safety standards cover all circumstances that give rise to radiation risks and are applicable for the entire lifetime of all facilities and activities — existing and new — utilized for peaceful purposes, and protective actions to reduce radiation risks.
There are some circumstances that give rise to radiations risks that are considered not to be amenable to control (see GSR Part 3 [x], para 1.42). These are excluded from the scope of the safety standards. Many of these excluded situations involve very low doses, but not all.
The standards address radiation protection of humans, for nuclear safety, for emergency preparedness and response and also for protection of the environment. For the protection of humans, three basic categories of exposure have been considered, namely occupational exposure, medical exposure and public exposure. The relevant radiation protection requirements are structured according to the exposure situation, namely planned exposure situations, emergency exposure situations and existing exposure situations. For protection of the environment, the safety standards aim to ensure protection of flora and fauna at the level of ecosystems (as opposed to individual organisms). Protection of the environment is aimed at ensuring the protection of future generations of humans, and at protecting livelihoods and societies. 
Measures relating to nuclear security (i.e. protection against malicious acts) are not included the safety standards, although both safety and nuclear security have the common aim of protecting people, society and the environment.
The safety standards are intended to be applied for prospective situations where radiation exposure could occur. Such prospective situations include situations where some exposures can certainly be anticipated (i.e. exposures in normal operation), and also for ‘potential’ exposures (i.e. exposures that might occur if there is an accident or failure). Such prospective situations might involve exposures at a level leading to health effects attributable at an individual level (deterministic effects), exposures at a level leading to health effects attributable at a population level, or exposures for which risks can only be inferred; all such situations are within the scope of the safety standards. That is, the safety standards provide requirements and recommendations on the basis of an inference of risk regarding different levels of exposures that will or might occur in the future.
The safety standards are not intended for use in retrospectively attributing health effects, either individually or collectively, to radiation exposure as their cause. The study of sources and effects of ionizing radiation is conducted under the mandate of UNSCEAR and is not within the mandate of the IAEA or within the scope of the safety standards. Furthermore, the safety standards cannot be used to support the legal imputation of harm to individuals or groups of individuals (e.g. in the context of occupational compensation claims) on the basis of past exposures to radiation.
[bookmark: _Toc33882789]Low doses and the linear no threshold model
The safety standards are regulatory in nature, and as such they need to be practical and to be able to provide requirements and recommendations on protection for a broad range of situations, i.e. situations involving exposure to higher doses of radiation (e.g. ‘potential’ exposures following an accident) and involving exposure to lower doses of radiation at levels typical of the global average background levels of radiation (e.g. exposures in normal operation) 
Of particular concern in regulation are stochastic effects, which cannot be attributed in individuals. The Fundamental Safety Principles [1] addresses the dose–response relationship for stochastic effects from radiation exposure to state that “For the purposes of the Safety Standards, it is assumed that there is no threshold level of radiation dose below which there are no associated radiation risks.” In practice, the safety standards – and indeed national regulatory regimes in general – make use of a linear model of dose–response relationship without a threshold level of dose, known as the linear–no threshold (LNT) model. 

[add a figure of the LNT model here]

The LNT is a model in which the risk of stochastic effects increases in direct proportion to the radiation dose, for all levels of dose, all levels of dose rate and all levels of dose-rate change. Any non-zero additional dose above background levels implies a non-zero additional risk of stochastic effects. The risk coefficient in the LNT is taken to be 5% per sievert. In this respect the LNT makes no distinction between how it handles higher doses that lead to attributable stochastic effects (at a population level), and how it handles lower doses from which one can only infer risks. 
The LNT is not a scientific hypothesis, but rather a conceptual model, a useful simplifying assumption. The simplifying assumptions underlying the LNT model conceal inherent uncertainties due to statistical limitations and due to the epistemic uncertainties of epidemiology. 
 [Do we need to refer to the ICRP reductio ad absurdum argument that there is probably no threshold? I think it’s too complicated; also see Abel’s ‘relevant critique’ of the argument; alternatively we could refer to a relevant paper]
[I did not include details provided by Abel about the ICRP modelled values for the different risk coefficients for adults/whole populations, and for malignancies/hereditary effects. Necessary?]
The main purpose of adopting the LNT is to facilitate the practical application of the approach to radiation protection. The LNT provides the basis for assuming the appropriateness of summing or aggregating (in any order) doses from external sources of radiation and doses from intakes of radionuclides. If doses could not be summed in this way, radiation protection in practice would become highly cumbersome. Any alternative model for the dose–response relationship for radiation exposure that is intended for practical operational use for purposes of radiation protection would have to be developed and agreed internationally with the approval of interested parties, including representatives of employers and representatives of employees. 
[bookmark: _Toc24721711]Given the recent data on stochastic effects at moderate doses [UNSCEAR 2006, UNSCEAR 2010] (see Section 2.2.2) and the robust state of knowledge on the role of mutation and chromosomal aberrations in the induction of cancer by radiation exposure, it seems that there remains good reason for the assumption and use of a no dose threshold for the inference of risk. However, the lack of biological indicators of radiation harm at low doses and the prevalence of natural background radiation means that the LNT is probably not provable as a scientific hypothesis at low doses. Nevertheless, further studies are continuing: UNSCEAR has recently undertaken a comprehensive evaluation of the radiobiological mechanisms that are considered to contribute to or to modulate the induction of cancer by radiation exposure, particularly for exposure at low levels of dose [x].
[bookmark: _Toc33882790] The principles of radiation protection
Many of the fundamental concepts used throughout the IAEA safety standards are set out in the Safety Fundamentals [3]. Unlike the Safety Requirements, which use regulatory language, the Safety Fundamentals are drafted in language that is intended to be understandable to the non-specialist reader. The intention is to convey the basis and rationale for the IAEA safety standards to those at senior levels in government and regulatory bodies. The Safety Fundamentals establish the fundamental safety objective of protecting people and the environment, and a coherent set of ten fundamental principles that represent a common safety philosophy and ethics across all areas of application of the standards. Although the fundamental safety principles are applicable in their entirety, three of the fundamental safety principles are directly related to the protection of people, to UNSCEAR 2012 [1] and to the purpose of this Safety Report, as follows:[rather than going into how each principle relates to an ethical principle, it could be suitable to refer to a relevant publication or paper of Abel’s on ethics here]
· Principle 4 on justification of facilities and activities, which states that “facilities and activities that give rise to radiation risks must yield an overall benefit” [3]; 
· Principle 5 on optimization of protection, which states that “protection must be optimized to provide the highest level of safety that can reasonably be achieved” [3]; 
· Principle 6 on limitation of risks to individuals, which states that “measures for controlling radiation risks must ensure that no individual bears an unacceptable risk of harm” [3]; 
[bookmark: _Toc33882791]The concepts of attribution and inference and the principle of justification
Justification involves a balancing of benefits and harm to determine prior to taking an action whether the action is expected to yield a net benefit. Justification has to be applied in making decisions on whether to introduce a new facility or activity in a State, on whether to take actions to reduce radiation exposures and to reduce radiation risks in an emergency or in an existing situation, and on whether to apply a diagnostic or therapeutic procedure for an individual patient. In many cases, decisions on justification are taken at the highest levels in government, and as such the concept needs to be well understood by non-specialists. 
Justification of the operation of facilities or the conduct of activities means that the detriments that might be caused by the introduction of a new source of radiation would be outweighed by the individual and societal benefits that are expected to accrue, i.e. the detriments will be to a different group of people from those who accrue the benefits . In contrast, in the medical area the benefits would be expected to be to the individual patient who also suffers the detriment. The comparison of the benefits and detriments of nuclear and radiation technologies often goes beyond the consideration of protection and safety, and entails the consideration of economic, societal, environmental and other factors. Justification is also used to compare alternative nuclear and radiation technologies. 
In all cases justification involves the prospective inference of risks as a key element in assessing the detriment side of the equation of benefits and harm. 
The prospective inference of risk from radiation exposure depends on the conceptual models that have been used to project doses due to exposures and the possible consequences of those doses for individuals, i.e. as reflected in the LNT model. It also depends on the simplifying assumptions made, and on the factors for modification and adjustment used in these models. The conceptual models used may be mechanistic models (i.e. models that are intended to simulate the relevant scientific and medical mechanisms of the phenomena concerned), or they may just be mathematical ‘curve fitting’ models. Cumulatively, uncertainties and margins of error in the values derived from the use of conceptual models — and especially, various conceptual models in aggregation — may be significant.
It might be that relatively greater weight in justification (as well as in optimization, see Section 3.4.2) ought to be given to radiation risks associated with prospective doses for which health effects are attributable, either at an individual level or at a population level, as opposed to radiation risks associated with low doses and very low doses, for which health effects are not attributable and where risks can only be inferred. This consideration is likely to be of particular importance in decision making on justification of protective actions in an emergency (e.g. if doses are below the generic criteria provided in the safety standards [GSR Part 7], particular care is needed that protective actions to be undertaken in all circumstances indeed do more good than harm), and in existing exposure situations, in which there might be the entire range of possible doses due to radiation exposure.
[bookmark: _Toc33882792]The concepts of attribution and inference and the principle of optimization of protection
Optimization is a key concept in controlling radiation exposures. Optimization is a process for ensuring that the likelihood and magnitude of exposures and the number of individuals exposed are kept ‘as low as reasonably achievable’, with economic, societal and environmental factors taken into account. Optimization is a prospective and iterative process that requires both qualitative and quantitative judgements to be made. The prospective inference of risks is an key element in assessing this balance. 
Actions taken to reduce exposures and to reduce other radiation risks for all exposure situations also have to be optimized for all categories of exposure (i.e. including public exposure and emergency exposure). This can entail, for example, optimizing occupational protection in the taking of protective actions aimed at reducing radiation risks to the public.
Optimization is applicable for prospective doses that are high, and for prospective doses that are already low or very low. That is, it has to be ensured that protective actions taken against attributable (i.e. deterministic) health effects of exposure and effects that are attributable at a population level, as well as protective actions against inferred risks associated with low doses, are all properly optimized. Committed exposures, potential exposures and other radiation risks that will arise over possibly long to very long periods of time likewise have to be properly taken into account in optimization of protection and safety.
Actions taken in response to concern on the part of the public about effects of radiation exposure at low levels of dose can have a significant impact on general quality of life. Such actions can also lead to jeopardizing of the many beneficial activities that use nuclear and radiation technologies, such as radiation technologies for medical diagnosis and treatment, and nuclear technologies for energy production.
It might be that relatively greater weight in optimization (as well as in justification: see Section 3.4.1) ought to be given to radiation risks associated with doses for which health effects are attributable at an individual level (i.e. deterministic effects) and for which effects on public health are attributable at a population level. This would imply giving relatively less weight in optimization to radiation risks associated with radiation exposure at low and very low levels of dose. In certain situations, decisions might need to be taken regarding the application of limited resources in optimizing protection for different groups of individuals, some of whom might be subject to higher doses than others. This consideration is likely to be of particular importance in decision making on justification of protective actions in an emergency (e.g. if doses are below the generic criteria provided in the safety standards [GSR Part 7], particular care is needed that protective actions to be undertaken in all circumstances are properly optimized), and in existing exposure situations, in which there might be the entire range of possible doses due to radiation exposure. 
The concept of ‘collective dose’ [ICRP 1977, 1991] was introduced as a tool for use in optimization, namely for comparing radiation protection options. The collective dose is calculated as the sum of all individual doses over the time period of exposure being considered. The concept collective dose assumes the LNT model, because only on this basis that it is possible to regard doses as additive. However, the calculation of collective dose conceals large biological and statistical uncertainties. Specifically, the computation of cancer deaths based on collective effective doses involving trivial exposures to large populations is not reasonable and ICRP, UNSCEAR and the IAEA have all strongly advocated that such use of collective dose should be avoided.[add 3 refs]
Great care needs to be taken in considering ‘collective dose’ to a large number of people (i.e. by multiplying low doses and very low doses for large populations) and great circumspection is called for in decision making. The assumptions that underpin any such calculations, as well as the associated uncertainties in the information and the limitations on its applicability, have to be made explicit and have to be taken into account.[refer here to use of ‘collective dose’ in allowing emergence worker exposure of more than 50mSv?]
[bookmark: _Toc33882793]The concepts of attribution and inference and the principle of individual dose restrictions
[add some text about why justification and optimization are insufficient]
Limitation of doses necessitates the setting of criteria, usually expressed in terms of either total dose or incremental dose. The selection of criteria necessitates an expert understanding of the risks associated with radiation exposure at levels of dose near the numerical value of the criteria. 
Limitation of radiation risks is ensured by means of various regulatory controls (e.g. dose limits, reference levels, dose constraints, guidance levels), which are used for different purposes. All of these regulatory controls are set below the dose levels at which health effects could be attributed at an individual or population level; indeed the attributability of health effects is not necessarily used as a criterion for limitation of doses. 
The limitation of doses has different implications in different exposure situations and for different categories of exposure. This complexity leads to difficulties in understanding. For example, the safety standards establish an annual dose limit of 1 mSv for members of the public. Unsurprisingly, there is a common assumption that doses above 1 mSv are dangerous. However, the dose limit is a restriction on ‘additional’ doses from specified activities; exceeding the dose limit would cause some form of legal sanction but would certainly not be expected to lead to any health effects in an individual or in a population.
 [should we also give an example regarding the different dose limits for workers and members of the public? Or the different dose constraints for different specific exposure situations?]
[also add some text on why 1mSv was selected as the dose limit, i.e. because it’s achievable]
[bookmark: _Toc33882794]Provision of information about risk in the safety standards
The concept of risk used throughout the IAEA safety standards. It is defined in the IAEA Safety Glossary [2] in several different ways, as a mathematical expression and using descriptive terms relating to detrimental health effects to humans of exposure to radiation. However, the safety standards cover more than radiation protection of humans; for example they cover nuclear safety and protection of the environment, and so the term risk is also used in the safety standards with its broadly accepted and general meanings of the prospective likelihood of some adverse consequences in the future, or indeed the adverse consequences themselves, or a situation leading to this likelihood. 
It is not typically specified in a particular safety standard which of the several definitions of risk is relevant, or whether the broad general meaning is intended. In practice this is not necessarily a problem, as the context can make it clear which definition is appropriate, and a particular or precise understanding of the term risk might not always be necessary in order for a requirement or recommendation to be implemented effectively. 
Nevertheless, any actions taken to reduce risks might themselves have detriments, e.g. allocation of limited resources, or adverse psychological or societal consequences, and a thorough understanding of all concepts can be essential in order to make decisions to take such actions, and to explain to the public the reasons behind the decisions. Issues of communication have been particularly challenging during past emergencies, such as in the aftermath of the Chernobyl and Fukushima accidents. The public is reasonably expecting that application of the safety standards will provide ‘safety’, namely absence of risk, and therefore that the professionals in charge be able to establish whether or not the situation is ‘safe’ or ‘not-risky’. In order to do that, the professionals making decisions need to have a clear understanding of what they mean when they talk about risk.
It might be that more explanation is needed of the different meanings and connotations of the term risk in order to apply the safety standards more effectively and to communicate in a way that is clear, unambiguous and correct (see Section 5).
[bookmark: _Toc33882795]Use of the term risk in radiation protection 
At levels of exposure at which health effects can be attributed (regions 1 and 2 in Figure 1), a risk can be considered a frequentist risk; it is a probability that is based on data on frequencies of actual health effects in a population or on actual occurrences of health effects in individuals (see Section 2.2.3). The corresponding radiation protection measures are derived on this basis of this actual risk. 
However, at low levels of exposure, health effects cannot be demonstrated (region 3 in Figure 1). Risks therefore cannot be derived from frequencies of actual effects. Rather they are derived from the LNT model by means of expert judgement. Risks at very low levels of exposure can only be considered subjective probabilities, rather than actual frequency-based probabilities. In this region a precautionary and common-sense approach is taken in deriving radiation protection measures.
In the safety standards it is not normally specified whether a stated probability of occurrence of some adverse consequences is based on observed frequencies of occurrence, or whether it is based on expert judgement, and as such there is normally (but see Section 3.5.3 on generic criteria) no distinction made between radiation protection measures that are based on actual risk and radiation protection measures that are derived using a precautionary and common-sense approach. 
[bookmark: _Toc33882796]Use of the term risk in nuclear safety
In nuclear safety, concerns are usually not directly related to health effects of radiation, but to dangers associated with loss of control over a source of radiation. A risk in nuclear safety can mean the probability of an event occurring, or the magnitude of its consequences, or a combination of probability and magnitude. An analogy with the insights from UNSCEAR 2012 [1] can be drawn: it might be helpful to distinguish clearly between frequency-based probabilities, where sufficient actual data are available to be able to state an actual frequency of an event occurring (e.g. provide a good example here? Something considered as an ‘anticipated operational occurrence’ for an NPP?); and subjective probabilities, where expert judgement is used to estimate probabilities of an event occurring (e.g. a large earthquake). Of course, the uncertainties regarding surveying of frequencies of events in nuclear safety and the assumptions made in expert judgement on the occurrence of very rare events are quite different from the uncertainties regarding epidemiological studies of radiation health effects and the assumptions made in expert judgement on inferred risks. 
[should we talk about PSA level 3 here? It’s where nuclear safety links to risk of health effects]
[I’m concerned that by elaborating on nuclear safety we are moving too far from UNSCEAR 2012. But I don’t want it to be concluded from reading this report that the standards ought to adopt the UNSCEAR definition of risk – the standards are broader than that and have every need to continue using ‘risk’ more broadly]
[bookmark: _Toc33882797]Use of the term risk in emergency preparedness and response
In emergency preparedness and response, concerns are mainly to do with radiation risks; in the safety standards these are referred to as ‘risk of stochastic/deterministic effects’ or ‘health risks’. The risk of stochastic effects include both frequentist risks inferred on the basis of epidemiological studies and subjective risks inferred on the basis of expert judgement.
Guidance values provided in the safety standards (GSR Part 7, GSG-2) for the development of protection strategies to reduce risks are consistent with the concepts of UNSCEAR 2012 [1], and include criteria for which action must be taken to avoid or minimize deterministic effects that could be unequivocally attributed to the exposure, as well as criteria for actions to reduce the risk of stochastic effects that could be expected in an exposed population through epidemiological analysis. That is, the criteria are intended to distinguish between levels of dose at which effects could be attributed epidemiologically in a population (region 2 in Figure 1) and levels of dose for which risks can only be inferred (region 3 in Figure 1).
[Also there are other terms such as the following, which it could be interesting to address, seeing as EPR is more than just radiation protection 
· ‘risk’ in terms of lifesaving actions, which might have nothing to do with radiation; 
· risk to health due to evacuation
· being at risk of psychiatric disorders]
[bookmark: _Toc33882798]Use of the term risk in protection of the environment
[we could consider adding something about risk to non-human species, societal risk, and risk to future generations; is there something in INSAG-9? Or is this moving too far away from UNSCEAR 2012?]

[bookmark: _Toc33882799]PRACTICAL APPLICATION OF RISK-RELATED CONCEPTS FOR DIFFERENT CIRCUMSTANCES 
[there are many possible ways to organize this section, just as there are many ways to organize the safety standards. I have chosen to address the topics under the 4 rubrics of ‘radiation protection’, ‘nuclear safety’, ‘emergency preparedness and response’, ‘protection of the environment’]
[bookmark: _Toc33882800]RADIATION PROTECTION
[bookmark: _Toc33882801]Exposure of the public
Doses associated with public exposure
The public are continuously exposed to radiation. The global average effective dose received each year by the public is approximately 2.4 mSv. Most of this exposure is from the inhalation of naturally occurring radon gas and the short-lived decay products of radon (1.6 mSv). Exposure to natural radiation sources does not change significantly over time, although individual exposures, particularly to radon, can vary significantly. According to an UNSCEAR 2000 report [x], Ramsar, in northern Iran, has some inhabited areas with the highest known natural radiation levels in the world (approximately 100 mSv) due to Ra-226 and its decay products. Other natural sources of radiation include cosmic radiation (high-energy protons, x-rays and gamma-rays produced in space) and terrestrial sources (rocks and soil) or any other material whose radioactivity is due only to radionuclides of natural origin, such as products or residues from the processing of minerals.
The public are also exposed to artificial sources of radiation. In some countries, exposure to artificial radiation sources is greater than exposure to natural sources due to greater access to medical imaging (see Section 4.3). Other artificial sources include consumer products into which radionuclides have deliberately been incorporated or produced by activation, or which generate ionizing radiation. Exposure may also result from episodic events due to human activities, such as atmospheric nuclear weapons testing or accidents at nuclear power plants.[any data below in the table for public exposure due to weapons testing or accidents? Volodymyr?] Doses to the public from nuclear energy generation are very low. [Volodymyr, do you have any data or statement about exposure of the public due to waste disposal, especially in the long term?] 
UNSCEAR periodically summarizes radiation exposure of workers and the public due to natural and artificial sources of radiation (UNSCEAR 2000, UNSCEAR 2008). Table 2 summarizes the doses associated with public exposure from different natural and artificial sources.

TABLE 2. GLOBAL AVERAGE ANNUAL DOSES, AND RANGES OF DOSES, ASSOCIATED WITH PUBLIC EXPOSURE TO ENVIRONMENTAL SOURCES OF RADIATION [Vince ref?]
	Source of radiation
	Annual average effective dose (mSv)

	Radon and thoron gas
	1.26 (0.2 – 10)

	Terrestrial
	0.48 (0.3 – 1)

	Ingestion
	0.29 (0.2 – 1)

	Cosmic
	0.39 (0.3 – 1)

	Nuclear energy generation
	0.0002

	Transport of radioactive material
	0.002 – 0.04 

	Total from all environmental sources
	2.44 (1 – 13)



Health effects associated with public exposure
[Not attributable, either in an individual or in a population
Are there any studies?
Is this even a good sub-heading or too scary?]
Control of public exposure in the safety standards
[we would need some introductory text about dose limits, reference levels, etc. and their purpose, and the fact that they are all within the ‘region 3’ part of Figure 1, i.e. meeting these values will ensure protection against deterministic effects, stochastic effects that can be observed in an epidemiological study, and even reduce risks that can only be inferred on the basis of expert judgement
Also that doses to the public are not measured individually, rather assessed through the representative person concept so dose limits for the public are ‘hypothetical’ ]

The safety standards establish reference levels of up to 100 mSv, depending on the circumstances. This can also lead to confusion: a reference level might be expected to be a subsidiary dose restriction that would lie below a dose limit. However, a reference level relates to total doses expected to be incurred in the context of a particular emergency or in a particular existing exposure situation, and it is used not as a ‘limit’, but rather as a benchmark in optimization for judging the extent to which protective actions are necessary and to assist in prioritizing their application. 
In fact, a task group convened by ICRP to compile lessons learned from Fukushima reported that the affected public felt perplexed by the application of reference levels that were much higher than the dose limits. People could not understand why the dose limit of 1 mSv, which was valid before the accident, could be exceeded in the year after the accident — at a time when people expected to be better protected! A typical question was: What is the rationale for accepting that individual doses of 20–100 mSv are acceptable after the accident when doses above 1 mSv were unacceptable before the accident? [add a ref] This confusion has created concern in members of the public and their representatives and a lack of trust in the regulatory process. 
[bookmark: _Toc33882802]Exposure of workers
Workers are also members of the public, and such they are continuously exposed to the same natural and artificial sources of radiation as the public (Section 4.1) and possible also incur medical exposure (Section 4.3). Occupational exposure is an additional source of radiation exposure and it refers to the exposure of workers to radiation incurred during their work. 
Doses associated with occupational exposure
Several organizations have conducted surveys to gain insight into occupational radiation exposure. These organizations include UNSCEAR, the IAEA (ISEMIR database), and the Nuclear Energy Agency (NEA)/Organisation for Economic Co-operation and Development (ISOE database). [Vince refs?] The occupations most closely monitored are those associated with the nuclear fuel cycle and some medical specialties. However, many workers exposed to natural sources of ionizing radiation are not individually monitored. These workers include underground and surface miners and airline pilots and crews. 
Between the years 2000 and 2002 the average annual individual effective dose of monitored workers was around 1mSv per year, including all reactor types. This is a very low dose and individual attribution of adverse health effects is not possible. This annual dose (even considering it is an average) is lower than the normal background dose coming from natural sources.[Roland, is there any more recent reference than this? Or something more generalizable?] Table 3 show the global average annual doses for occupational exposure for different industries.
Nuclear fuel cycle. Nuclear fuel cycle workers include those involved in the mining and processing of uranium and thorium ores, enrichment of uranium, manufacturing of nuclear fuel, operation of nuclear reactors (including research and test reactors), reprocessing nuclear fuel, and waste management and decommissioning activities relating to operations associated with the production of nuclear energy. Detailed reports are published by UNSCEAR [x] and NEA [x] [Vince, some refs?] describing nuclear fuel cycle worker exposures, average effective doses, collective doses, the distribution of dose among monitored individuals, and multi-year trend analysis for different worker groups. Overall, the average annual dose to nuclear fuel cycle workers can be described as very low. Average exposures range from 1 to 2 mSv per year, with a few individual exposures approaching 20 to 30 mSv for exceptional necessary work situations in high dose-rate fields. These annual exposures do not approach the lowest threshold for an observable deterministic health effect, however, there have been rare exceptions due to accidental exposures. For example, spent fuel may contain so-called ‘hot particles’, a particulate radioactive material with an extremely high activity concentration of isotopes of transuranic elements. Contamination of the skin or inhalation of such material can result in significantly inhomogeneous exposure, tissue reactions and attributable health effects.[Volodymyr, do you have a reference for this spent fuel info?] More importantly, the average annual occupational exposures tend to lie within the range of very low and low doses, clearly within normal background exposure. 
 Miners. The worldwide level of exposure for workers exposed to natural sources of radiation is estimated to be 2.9 mSv for approximately 13 million workers [UNSCEAR 2008]. The level of exposure in mines depends on several factors, including the type of mine, the geology and the working conditions, particularly the ventilation. For coal mines, the average effective dose is 2.4 mSv for an estimated 6.9 million workers [UNSCEAR 2008]. As many as 90 percent of underground coal miners work in China. In 2004, the average annual exposure for 6 million Chinese miners varied between 0.315 and 11.34 mSv with the highest doses being associated with underground mines with poor ventilation and high radon concentrations (1,500 Bq m-3) [Liu et al, Health Physics, 2007]. For non-coal mines, the average effective dose is 3 mSv for an estimated 4.9 million workers. [Vince, a ref?] No deterministic health effects have been reported for these workers. The average annual radiation doses are judged to be very low, especially for those underground mines with good ventilation. 
Aircrew. Crewmembers on commercial aircraft are exposed to higher doses of ionizing radiation than normally received by members of the general population in most parts of the world. The principal ionizing radiation is galactic cosmic radiation. The average annual exposure to pilots and crewmembers is 2.5 mSv.[Vince, a ref?] Studies on pilots and flight attendants have reported increased incidence of cancer, including skin, brain, prostate, and breast cancer. However, aircrew are also exposed to electromagnetic fields, ozone, noise, exhaust gases from the engine, and experience circadian rhythm disruption which may confound the results of epidemiological studies of this worker group. Hence, for reasons stated previously, it is very difficult to attribute any form of cancer to the very low doses of cosmic radiation received by pilots and cabin crew. 
Transport of radioactive material.[no input provided so far] 
Occupational exposure in medical applications. Radiation is used in medicine for both diagnostic and therapeutic purposes. Physicians, nurses, technicians and others constitute the largest single group of workers occupationally exposed to human-made sources of radiation. For conventional techniques, the average annual effective dose is about 1.2 mSv (range 0.33 - 3.14 mSv) for measurably exposed workers. For interventional procedures, the average annual effective dose is about 3.1 mSv for measurably exposed workers with a range of 0.4 - 29.5 mSv. During interventional procedures, the hands of the physician are in the field of radiation, resulting in high exposure to the hands and arms. Lead aprons provide effective shielding for the torso, but lens doses can exceed 0.8 mSv per procedure. While the average dose per procedure is very low, it is unclear if the risk of developing lens opacification and cataracts associated with each procedure is cumulative from procedure to procedure and year to year. The dose threshold for developing of cataracts (a deterministic health effect) may be as low as 0.5 Sv [ICRP 118] [Vince, are all the numbers in this para from this ICRP pub?]. As such interventional cardiologists might breach the threshold for developing minor lens opacification and cataracts and accelerate the development of or degree of lens opacification depending on the number of procedures conducted annually. 
TABLE 3. GLOBAL AVERAGE ANNUAL DOSES ASSOCIATED WITH OCCUPATIONAL EXPOSURE FOR DIFFERENT INDUSTRIES [Vince ref?]
	Industry
	Annual average effective dose (mSv)

	Nuclear fuel cycle
	1.0

	Uranium mining
	2.1 – 2.3

	Uranium milling
	1.1

	Fuel fabrication
	1.6

	Reactor operations
	1.0

	Fuel reprocessing
	0.9

	Decommissioning
	1.9

	Aircrew
	2.5

	Industrial radiography
	1.5

	Coal mining
	2.4

	Other mining
	3.0

	Medical
	0.5

	Diagnostic radiology
	0.6

	Interventional cardiology
	5 (1 – 11)

	Dental
	0.06

	Nuclear medicine
	0.7



Health effects associated with occupational exposure
It can be assumed that for people occupationally exposed to radiation the same biological prerequisites as for the rest of the population apply. The cellular mechanisms that are affected or disturbed by radiation are well known, but transfer of the results from experiments to whole populations is not straightforward. For example, a group of workers might not represent the normal population’s age and gender distribution. There is also a ‘healthy worker effect’: workers have to undergo regular medical examinations and persons with adverse health status might be excluded from work for medical reasons. There are limitations concerning the influence of lifestyle, and confounding factors such as smoking. Dose information from other sources of radiation exposure (such as medical exposure) are not always available. 
Numerous epidemiological studies have sought to make a causal association between radiation dose and health effects in occupationally exposed workers. However, single samples of occupationally exposed workers usually have small numbers in the statistical context. The larger the sample size the smaller the risk can be detected [ref]. Pooled studies can overcome the statistical limitations of rather small numbers. However, experience from pooled studies does not always show consistent results partly due to different study setups. In different countries there are different means of grouping occupationally exposed workers according to their job-related activities in radiation fields.
The 2008 UNSCEAR report [x] provides a statistical analysis of individual and collective doses from occupationally exposed workers from different countries worldwide. The report states that “The extent to which valid comparisons between countries can be made is also influenced by differences in the approaches used to measure and report occupational exposures, e.g. the type of dosimeter used, its minimum detectable level (MDL), the dose entered into records when the measured dose is less than the MDL, and the dose assigned when dosimeters are lost.” 
Three relevant reviews of epidemiological studies of occupational exposure are as follows: 
· The INWORKS study is a pooled study with workers of several countries and includes previous pooled studies of roughly 308000 occupationally exposed personnel in the nuclear energy sector from France, the United Kingdom and the United States [Richardson, Cardis et al.]. The INWORKS study did not identify any increased risk for mortality from cancer for cumulated external dose below several tens of mGy. It was found that problem of heterogeneity between the populations pooled from different countries was surprisingly small. The resulting risk coefficients lie within the range of the Life Span Study from Japan [ref]. However, since this was a mortality study, the outcome may blur results from cancers that are highly curable and survivable. [I did not include quite a bit of detail provided by Roland here, assuming it can be found in the Richardson, Cardis et al reference]
· In the ‘15 countries study’ by Cardis et al. [x] mortality data from roughly 400000 workers were analysed. As in the INWORKS-study no contradiction to the current radiation protection system could be deduced. A cumulative dose of 100 mSv would lead to 9.7% higher mortality from all cancers and 19% from leukemia excluding chronic lymphocytic leukemia. These results are associated with somewhat higher risk coefficients, but most doses come from early times of radiation protection in the nuclear industry. The risk estimates from this study are statistically similar to those of the atomic bomb survivor data at the same radiation dose, but the uncertainty in the estimates suggests that cancer risk could be lower than or up to six times greater per unit of dose than indicated by the A-bomb study [ref]. The leukemia risk estimates are statistically consistent with no increased risk among exposed nuclear workers as well as with a risk nearly three times greater per unit of dose than found in the A-bomb study. Overall, the estimates of risk found in the 15 countries study suggest that 1 to 2 per cent of deaths from cancer (including leukemia) among the workers studied may have been caused by radiation exposure.
· A review of the major studies of miners exposed to radon that were available in the 1990s was carried out by the Committee on the Biological Effects of Ionizing Radiation [BEIR VI 1999]. Current estimates of the proportion of lung cancers attributable to exposure to radon range from 3 to 14%, depending on the average radon concentration. The analyses indicate that the lung cancer risk increases proportionally with increasing radon exposure [WHO, 2009]. Most of the radon-induced lung cancer cases occur among smokers due to a strong combined effect of smoking and radon. Consequently, it is difficult to identify those workers whose lung cancer can be attributed to radon exposure alone and which cancers can be attributed to smoking. The WHO notes that for a given radon concentration, smokers have much higher lung cancer rates than never-smokers.
Control of occupational exposure in the safety standards
[we would need some text about dose limits, dose constraints, etc. and their purpose, and the fact that they are all within the ‘region 3’ part of Figure 1, i.e. meeting these values will ensure protection against deterministic effects, stochastic effects that can be observed in an epidemiological study, and risks that can only be inferred on the basis of expert judgement
Also explain that for some workers the dose limits are those for members of the public (GSR Part 3, para 3.78, and that this too is within ‘region 3’]
[bookmark: _Toc33882803]Medical exposure
Medical exposure is that exposure incurred by patients for the purposes of medical or dental diagnosis or treatment; exposure of individuals as part of health screening programmes; by carers and comforters; and by volunteers subject to exposure as part of a programme of biomedical, diagnostic or therapeutic research [2]. Medical exposure is the largest human-made source of exposure to ionizing radiation.  In 2008, the estimated worldwide annual number of diagnostic and interventional radiological procedures (including dental) was 3.6 billion, the estimated number of nuclear medicine procedures was over 30 million, and the estimated number of radiation therapy procedures was over 5 million [UNSCEAR 2008]. 
Doses associated with medical exposure
Diagnostic medical procedures contribute significantly to the annual public exposure (0.6 mSv) and there has been a significant increase in medical exposures, owing to the rapid expansion in the use of computed tomography (CT) scanning. In several countries, this has meant that medical exposure has displaced exposure due to natural sources of radiation as the largest overall component of the annual average effective dose. 
Doses from diagnostic procedures are best described as being very low (tens of mGy) or low (less than 100 mGy). Therapeutic procedures are associated with high doses. Table 4 shows global annual ranges of doses for different medical procedures. 
TABLE 4. GLOBAL AVERAGE ANNUAL DOSES ASSOCIATED WITH MEDICAL EXPOSURE [UNSCEAR 2008, Annex A; Vince another ref?]
	Medical application
	Annual average effective dose

	Diagnostic procedures
	0.6 (0 – tens) mGy

	Chest X ray
	0.1 – 0.23 mGy

	Head CT
	30 – 50 mGy

	Full body CT
	50 – 100 mGy

	Cardiac catheterization
	12 – 40 mGy

	Therapeutic procedures
	

	Teletherapy
	10 – 60 Gy

	Brachytherapy
	10 – 50 Gy



Health effects associated with medical exposure
[Vince, here, some of the statements would need rewriting in the context of the 3 regions of Section 2.2. The distinction between stochastic effects that are attributable as frequency increases in a population and stochastic effects that are not attributable is not so evident. Also – it would be necessary to provide some supporting references.]
For diagnostic procedures, in some instances, the exposure is whole body and in other instances the exposure is very localized. In either case, it is very difficult to attribute any adverse health effect to a single radiation exposure from diagnostic medical procedures and the inference of any future adverse health risk would be conditional at best since adverse health effects have not been demonstrated for these situations.[Vince, is there any study on this? Does it relate to only a single exposure, or could effects in a single individual or in a population be attributable to multiple diagnostic exposures]  
Radiation therapy exposures are cytotoxic by nature and will result in observable health effects that can be directly attributed to the radiation exposure.  External beam teletherapy treatments may be given in daily fractions for up to six weeks.  The intent is to kill (shrink or eradicate) the tumour while sparing the normal surrounding tissue.  Side effects attributable to radiation therapy depends on the area being irradiated.  If the abdomen or stomach is in the radiation field, the patient may experience nausea, vomiting and diarrhea.  If the chest is irritated, side effects may include difficulty swallowing, cough, shortness of breath, and radiation fibrosis.  Each of these side effects are deterministic health effects.  Such deterministic health effects are observed when the dose exceeds a threshold and the severity of the health effect increases with increasing cumulative exposure.[Vince any study?]
Radiation therapy exposures may result in the development of a secondary cancer (i.e. a stochastic health effect) in the surrounding normal tissue.  While the treatment protocol will endeavour to avoid sensitive tissues and organs and minimize normal tissue exposure, developing a cancer in the irradiated tissue in the distant future is possible.  For groups of cancer patients treated under similar conditions, the risk of developing a secondary cancer can be quantified, and thus valid predictions of future numbers of cases can be made with some confidence.  However, the development of a secondary cancer in a particular patient still cannot be unequivocally attributed to radiation exposure.  Yet, in a group of similarly treated patients there is sufficient evidence, knowledge and scientific consensus on causal relationships to be able to predict with some confidence there will be an increased risk of developing a secondary cancer.[Vince a study? Can this be connected back to the frequentist/subjective probability range discussion from before? Are we in the frequentist range, thus phrases such as ‘with confidence’?]
Finally, radiation therapy involves the delivery of high doses to patients and there is an attendant potential for accidents with serious consequences for the health of patients arising from over- or under-exposure relative to the prescribed dose.  There have been occasions when patients have been accidentally exposed to enough external radiation from diagnostic procedures to cause deterministic effects, particularly skin reddening and loss of hair.  For example, 206 patients treated at Cedars-Sinai Medical Center in Los Angeles received eight times the normal dose of radiation during a specific type of brain scan.  Forty percent of the affected patients experienced skin redness and hair loss [Vince ref? how much dose?].  Deterministic effects, such as these, appearing soon after radiation exposure can, in principle, be diagnosed in an exposed individual and the health effect can be attributed to the radiation exposure with a high degree of confidence.
Control of medical exposure in the safety standards
[we would need some text about the fact that limitation of doses doesn’t apply, but optimization and justification do, thus DRLs, and their typical values and that they are in region 3 typically (are they??)
Also dose constraints for carers and comforters and volunteers, within region 3] 
[bookmark: _Toc33882804]NUCLEAR SAFETY
[No input provided yet. Prevention of accidents – effects could be attributable, risks are frequentistic or subjective]
For example, in probabilistic safety analysis, if the probability of a dose of 200 mSv is 200 times less than the probability of a dose of 1 mSv, then the associated radiation detriments would be considered mathematically equivalent. However, consideration of the findings of the UNSCEAR 2012 Report suggests that the potential for a 200 mSv dose ought to be given greater weighting than the potential for a 1 mSv dose with a likelihood 200 times greater.
[bookmark: _Toc33882805]EMERGENCY PREPAREDNESS AND RESPONSE
[bookmark: _Toc33882806]Doses and health effects associated with nuclear and radiological emergencies
Two of the goals of emergency response as described in GSR Part 7 [x] are:
•	To avoid or to minimize severe deterministic effects; 
•	To reduce the risk of stochastic effects.
Nuclear or radiological emergencies can cover the full range of doses of interest (high to very low), and the potential radiological consequences of an emergency may range from severe deterministic effects to individuals and populations both on-site and off-site, to situations that could result in an increased risk of stochastic effects in an exposed population, and to situations involving exposure of a large and disperse population to very low doses with no discernible radiological impacts. For any particular emergency, a range of potential dose scenarios and associated consequences could also be expected due to the heterogenous distribution of potentially exposed individuals (e.g. high dose to individuals or small population; very low doses to a large population).  
Past emergencies have demonstrated this wide range of doses and effects:
· In the Chernobyl and Tokaimura accidents, workers received gamma and neutron exposures of 6.5 to 20 Sv which resulted in the workers developing symptoms associated with acute radiation sickness and 30 of these workers died within several months.  These exposures are defined as high and health effects (acute radiation sickness and death, i.e. deterministic effects) can be reliably attributed to acute radiation exposure. [Vince refs?]  
· Over 100 workers diagnosed with acute radiation sickness survived their acute radiation exposures at Chernobyl and Tokaimura. [Vince refs?]   For these survivors, the levels of radiation exposure mean that and risk of future development of cancer lies within the frequentist range; i.e. it can be predicted with some confidence that these workers have an increased risk of developing cancer in the future.  The magnitude of this increase could be as high as 10% per Sv (in addition to a lifetime risk of developing cancer of approximately 40 percent) [Vince, ref for this risk coefficient?].  
· Following the Chernobyl accident, doses in the high to moderate range were received in the surrounding population.  A longer term increase in thyroid cancer was observed in the exposed population through epidemiological analysis. [Vince/Brian, ref for such data on off-site frequentistic stochastic effects?]
· Additionally, doses in the low to very low range have also been received, for which increases in stochastic effects in the exposed population are difficult to detect through epidemiological studies, and any observed increase in the frequency of an effect cannot be unequivocally associated with the radiation exposure [Vince/Brian, any ref for such data on such low off-site doses? Has there been an observed increase in the frequency?]
[bookmark: _Toc33882807]Criteria for preparedness and response for a nuclear or radiological emergency
In GSR Part 7 [x], five emergency preparedness categories are specified to establish the basis for a graded approach in preparedness and response for a nuclear or radiological emergency. This graded approach is indicated in terms of whether, in the absence of protective actions, an emergency could give rise to severe deterministic effects on the site or off the site, or to stochastic effects on the site or off the site, i.e. whether projected doses could range from high (for the most exposed individuals, including off-site) to very low (in the case of wide-spread distribution of low levels of radioactive contamination):
· An emergency in emergency preparedness category I could give rise to severe deterministic effects to individuals off the site, and projected doses in the absence of protective actions could range from high (for individuals both off the site and on the site) to very low. For such an emergency, there could also be projected or received doses in the high to moderate range for which one could infer with confidence a longer term increase in some stochastic effect as a result of the radiation exposure, and that could be observed in the exposed population through epidemiological analysis. Additionally, doses in the low to very low range could also be projected or seen, for which increases in stochastic effects in an exposed population would be difficult to detect through epidemiological studies, and any observed increase in the frequency of an effect could not be unequivocally associated with the radiation exposure. 
· An emergency in emergency preparedness category II is not expected to result in deterministic effects off the site, and projected doses in the absence of protective measures would lie in the range of moderate to very low.  Given the potential distribution of doses, this could result in exposures in populations for which one could predict an increased risk of stochastic effects attributable to radiation exposure through epidemiological analysis, as well as exposures of populations in the low to very low dose range for which an observed increase in stochastic effects would not be expected to be seen. Additionally, although an emergency in one of these categories would not lead to deterministic effects off the site, there could nonetheless be scenarios that could lead to individual exposures on the site or at the scene of the activity that could result in high doses, and subsequent severe deterministic effects.  
Guidance values provided in the Safety Standards [GSR Part 7, GSG-2] for the development of protection strategies are consistent with the concepts of UNSCEAR 2012 [1], and include criteria for which action must be taken to avoid or minimize deterministic effects that could be unequivocally attributed to the exposure, as well as criteria for actions to reduce the risk of stochastic effects that could be expected to be attributable in an exposed population through epidemiological analysis.  
Below these generic criteria there will not be any severe deterministic effects or an observable increase in the incidence of cancer, even in a very large exposed group, and the risk of cancers and other health effects would be too low to justify taking any action, such as a medical screening [EPR-NPP-PPA]. GSR Part 7 [x] cautions that “If protective actions in the context of the protection strategy are to be taken when doses are below the generic criteria …, careful consideration is necessary to ensure that such actions are justified (i.e. that they do more good than harm) and that they are optimized in accordance with Requirement 5”. This statement recognizes that for exposures below the guidance values, in the low to very low dose range, epidemiological analysis would likely not result in any observable increase in the frequency of stochastic effects in an exposed population that could be reasonably attributed to the radiation exposure, and that actions to reduce such exposures might therefore do more harm than good. 
In addition to considerations for the public, the Safety Standards also establish requirements for the protection of emergency workers and helpers. The requirements for occupational exposure generally apply. However, Requirement 11 of GSR Part 7 [x] states that “The operating organization and response organizations shall ensure that no emergency worker is subject to an exposure in an emergency that could give rise to an effective dose in excess of 50 mSv other than:
(1) For the purposes of saving human life or preventing serious injury;
(2) When taking actions to prevent severe deterministic effects or actions to prevent the development of catastrophic conditions that could significantly affect people and the environment;
(3) When taking actions to avert a large collective dose”
For the three conditions, above, GSR Part 7 [x] establishes values on maximum doses that could be allowed to address these situations, which fall in the moderate dose range.  At these levels, possible deterministic effects could not be unequivocally attributed to the radiation exposure; there could however be an increase in the frequency of certain stochastic effects among these workers.  
With respect to condition (3) (taking actions to avert a large collective dose), it would be appropriate for authorities to consider the ranges of doses and size of population that would be factored into the determination of the collective dose, and whether the risk associated with these doses is a frequentist risk or a subjective risk, in order to make decisions on the appropriateness of the action to avert such a dose. This will inform decisions on whether the additional dose to emergency workers, and the associated risk, is justified. 
[bookmark: _Toc33882808]PROTECTION OF THE ENVIRONMENT
[No input provided yet for this section. Input could address the following:
· Radiological environmental impact assessment
· Connection between protection of the environment and protection of future generations, livelihoods, long term doses very small, very protracted, any effects not expected to be attributable either in individuals or populations
· Disposal of radioactive waste – radiotoxicity over a long time
· Different ethical basis for flora and fauna – protection of species, not individuals; nevertheless data indicate hereditary stochastic effects in animals]



[bookmark: _Toc33882809]THE IMPLICATIONS OF THE CONCEPTS OF ATTRIBUTION OF HEALTH EFFECTS AND INFERENCE OF RISK FOR COMMUNICATION
[no input provided yet for this section; text below from Brian was originally intended for section 4.3, but could be more relevant here]
To support implementation of the protection strategy, GSR Part 7 [x] requires authorities to ensure that arrangements are in place “to provide the public who are affected or are potentially affected by a nuclear or radiological emergency with information that is necessary for their protection, to warn them promptly and to instruct them on actions to be taken” (Requirement 10), and “for communication with the public throughout a nuclear or radiological emergency” (Requirement 13).  Together, these requirements include providing information on the nature of the hazards, as well as putting radiological health hazards in perspective to support informed decision making.  
As part of these arrangements, authorities should provide information to potentially affected populations based on the outcomes of the hazard assessment for the various facilities and scenarios in question.  This would include the nature of doses that could be expected in the absence of and following implementation of protective measures, and the nature of the risks that could be expected including health effects that can be unequivocally attributed and those for which only notional health effects might be inferred, based on the residual doses following implementation of the protective measures, if any. 
In examining the practical implications of the UNSCEAR risk-related concepts for emergency exposure situations and the provision of information necessary for protection, it is relevant to consider the overarching question that will be asked by the public in an emergency, namely “Am I safe” [EPR-NPP-PPA, 2013].  EPR-NPP-PPA [x] states that “the definition of safe is understood as meeting international safety standards for which no protective or other response actions need to be taken.” This definition is intended to answer the public’s principal concern during an emergency, and to prevent inappropriate actions being taken by the public, decision makers and others that are not justified based on the radiation risk.


[bookmark: _Toc33882810]APPENDIX: A plain language explanation of the concepts of attribution and inference to support public communication and in particular media outreach
[no input provided so far; draft this at the end?]
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[bookmark: _Toc33882812]Annex: Case studies on application of the concepts of attribution and inference in practice

 [no case studies provided so far]
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