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Objective of the system of radiological protection

The primary aim of ICRP recommendations is to contribute to an
appropriate level of protection for people against the detrimental
effects of radiation exposure, without unduly limiting the desirable
human actions that may be associated with such exposure.

Annals of the ICRP

Radiological protection deals with two types of harmful effect [...]
harmful tissue reactions which only appear if the dose exceeds a
threshold value and [...] stochastic effects (cancer or heritable TR o O TR SO
effects), which may be observed as a statistically detectable increase

in the incidences of these effects occurring long after exposure.

ICRP Publication 103

ELSEVIER
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Objective of the system of radiological protection

Severity

Tissue reaction (also termed deterministic effects): injury in populations of
cells characterised by a threshold dose and an increase in the severity of
the reaction as the dose is increased further.

Stochastic effect (of radiation): effects resulting from damage in a single cell —
(cancer and heritable effects). The frequency of the event, but not its Dose
severity, increases with an increase in the dose. For protection purposes, it Harmful tissue reactions are prevented
is assumed that there is no threshold dose. Risk

ICRP system of radiological protection health objectives are relatively Ve
straightforward: to manage and control exposures to ionising radiation so o
that harmful tissue reactions are prevented, and the risks of stochastic e
effects are reduced to the extent reasonably achievable. ~

Dose

The risks of stochastic effects are reduced
to the extent reasonably achievable
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Disease of circulatory system in Publication 103 (2007)

3.1. The induction of deterministic effects (harmful tissue reactions)

(58) The induction of tissue reactions is generally characterised by a threshold
dose. The reason for the presence of this threshold dose is that radiation damage
(serious malfunction or death) of a critical population of cells in a given tissue needs
to be sustained before injury is expressed in a clinically relevant form. Above the
threshold dose the severity of the injury, including impairment of the capacity for
tissue recovery, increases with dose.

(59) Early (days to weeks) tissue reactions to radiation in cases where the threshold
dose has been exceeded may be of the inflammatory type resulting from the release of
cellular factors, or they may be reactions resulting from cell loss (Publication 59,
ICRP, 1991a). Late tissue reactions (months to years) can be of the generic type if
they arise as a direct result of damage to that tissue. By contrast other late reactions
may be of the consequential type if they arise as a result of early cellular damage
(Do6rr and Hendry, 2001). Examples of these radiation-induced tissue reactions are
given in Annex A.

(60) Reviews of biological and clinical data have led to further development of the
Commission’s judgements on the cellular and tissue mechanisms that underlie tissue
reactions and the dose thresholds that apply to major organs and tissues. However,
in the absorbed dose range up to around 100 mGy (low LET or high LET) no tissues
are judged to express clinically relevant functional impairment. This judgement ap-
plies to both single acute doses and to situations where these low doses are experi-
enced in a protracted form as repeated annual exposures.

(61) Annex A provides updated information on dose thresholds (corresponding to
doses that result in about 1% incidence) for various organs and tissues. On the basis
of current data the Commission judges that the occupational and public dose limits,
including the limits on equivalent dose for the skin, hands/feet and eyes, given in
Publication 60 (ICRP, 1991b) remain applicable for preventing the occurrence of
deterministic effects (tissue reactions); see Section 5.10 and Table 6. However, new
data on the radiosensitivity of the eye are expected and the Commission will consider
these data when they become available. In addition, in Annex A, reference is made to
the clinical criteria that apply to dose limits on equivalent doses to the skin.
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3.3. The induction of diseases other than cancer

(91) Since 1990 evidence has accumulated that the frequency of non-cancer dis-
eases is increased in some irradiated populations. The strongest statistical evidence
for the induction of these non-cancer effects at effective doses of the order of 1 Sv
derives from the most recent mortality analysis of the Japanese atomic bomb sur-
vivors followed after 1968 (Preston et al., 2003). That study has strengthened the
statistical evidence for an association with dose — particularly for heart disease,
stroke, digestive disorders, and respiratory disease. However, the Commission notes
current uncertainties on the shape of the dose-response at low doses and that the LSS
data are consistent both with there being no dose threshold for risks of disease mor-
tality and with there being a dose threshold of around 0.5 Sv. Additional evidence of
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patients receiving radiotherapy but these data do not clarify the issue of a possible
dose threshold (Annex A). It is also unclear what forms of cellular and tissue mech-
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(92) Whilst recognising the potential importance of the observations on non-
cancer diseases, the Commission judges that the data available do not allow for their
inclusion in the estimation of detriment following low radiation doses, less than

about 100 mSv. This agrees with the conclusion of UNSCEAR (2008), which found

little evidence of any excess risk below 1 Gy.

“The Commission judges that the data

available do not allow for their inclusion in

the estimation of detriment following low

\

\---'

radiation doses, less than about 100 mSv’.
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Disease of circulatory system in Publication 118 (2012)

‘A threshold dose for a given effect can be defined as a
dose below which the effect does not occur. This dose is
often difficult to determine. One way in which
epidemiological evidence for a threshold can be assessed

Frequency (%)

i Sensitivty vanation

| | | 7ab Moo et is by examination of the lowest dose at which a significant
f “ i positive dose-response relationship can be detected [...]
g % . In this report, the ‘threshold dose’ is defined as ED1
5 L O s (estimated dose for 1% incidence), denoting the amount
B == o = M e of radiation that is required to cause a specific, observable
. : effect in only 1% of individuals exposed to radiation’ (§13)

Fig. 1.1. Relationships between dose and the frequency or severity of tissue reactions. Upper panel: the
incidence (frequency) of morbidity as a function of dose in a population of individuak of varying
sensitivities. Lower panel: the dose vs reaction severity relationship for four subpopulations with difierent
radiosensitivities (‘a’ being most radiosensitive, ‘d’ being least radiosensitive) comprising the total
population. Adapted from Publication 60 (ICRP, 1991; Hendry et al., 2006).
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Disease of circulatory system in Publication 118 (2012)

‘Whilst the estimates of the ERR/Gy, based on a linear dose-response analysis, vary between
studies and between specific types of circulatory disease, an ERR/Gy of around 0.1 would seem to
be a reasonable summary value, particularly in the case of the atomic bomb study. A recent report
(Table 8 in AGIR, 2010), calculating aggregate risks from many studies, estimated an ERR/Gy of
0.10 (95% CI 0.07-0.13) for morbidity and 0.08 (95% CI 0.04-0.12) for mortality from circulatory
disease taken as a whole'.

‘If an ERR/Gy of this magnitude were to apply at doses in the range of 0.5 Gy, and the baseline
incidence is 30-50%, this would imply that a dose of 0.5 Gy might increase mortality from circulatory
disease by approximately 0.08 X 0.5 X (30-50)% = 1.2-2%’.

‘Given that not all cases of circulatory disease are fatal, the corresponding percentage for morbidity
would be expected to be greater. Overall, and subject to the assumptions outlined here, a dose of
around 0.5 Gy might lead to approximately 1% of exposed individuals developing circulatory
disease’.
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Disease of circulatory system nowadays

4, Conclusion

So, where does that leave us? At the outset of this article, it was noted that whether low-level exposure to
radiation increases the risk of DCS is one of the most important questions currently facing those responsible
for reviewing the ICRP system of radiological protection [37, 38]. Certainly, there are reports from some
epidemiological studies of associations between the cumulative dose of gamma radiation and a proportional
increase in the risk of DCS [3]. However, there are substantial challenges to overcome before a confident
interpretation of these epidemiological associations can be made. DCS incidence data from the Russian
studies require close examination, including why there is a striking difference between ERR/Gy estimates for
CeVD incidence and mortality in the Mayak workforce. Then, there are the perplexing temporal patterns of
DCS mortality rates with respect to cumulative external dose in the Mayak and Sellafield workforces. The
puzzling issue of why DCS mortality ERR/Gy estimates for external doses received by Sellafield (and possibly
other) workers are governed by the status of monitoring for potential exposure to internal emitters needs to
be explored, as does the difference in the internal exposure monitoring findings for UK workers between
INWORKS and the original NRRW analysis (especially for CeVD). Further, recent studies of DCS mortality
rates in US workforces provide little evidence of an increase in radiation-associated risk, although an
expanded database is anticipated. Finally, this article has focussed on the problems of interpretation of
epidemiological evidence, but these difficulties are exacerbated by the lack of knowledge of candidate
mechanisms that might underlie a putative link between DCS risk and low-level radiation exposure (see, for
example, the recent review of Tapio et al [6] and the mechanistic model for atherosclerosis proposed by
Simonetto et al [39]). There is much to be done before a proper understanding of these epidemiological
associations is reached.

Risk of diseases of the circulatory system after low-level radiation exposure
- an assessment of evidence from occupational exposures
Richard Wakeford 2022 J. Radiol. Prot. 42 020201
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Disease of circulatory system nowadays

Radiation alone
While diseases of the circulatory system cannot be considered
as a stochastic effect (e.g. it is probably not resulting from
damage in a single cell), should it be, nevertheless, considered
as a health outcome at low doses?

E(D)

Should ionising radiation be considered as a risk factor
contributing, together with other risk factors, to damages g’
resulting to disease of circulatory system? Combined

While biological plausibility at low dose is not well established
and despite sometimes opposite views among the scientific
community, the question has not been clearly answered so far.

E(D)
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Keeping the ICRP recommendations fit for purpose

(OPEN ACCESS
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Memorandum

Keeping the ICRP recommendations fit

‘The classification of harmful radiation-induced health effects into for purpose

‘stochastic effects’ and ‘harmful tissue reactions’ for protection o culimaane Cenun o Lo,
purposes should be revisited to ensure that it remains fit for
purpose. [...] Some health effects may not fit well into either
category (e.g. cataract, diseases of the circulatory system).
Whatever classification is adopted, it will be necessary to assess the
impact on the management of radiological risks in terms of the
tolerability of risks and putting them into perspective with other risks.

Any reclassification will not affect the fundamental requirements to L
prevent severe tissue reactions and optimise protection against
effects at low doses and low dose rates, principally cancer’. i,

©2021 The Author(s). the Society 0
13616498/21/+20$33.00  Printed in the UK 1300
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ICRP TG123 - Classification of harmful radiation-induced effects

on human health for radiological protection purposes

ICRP TG123 is a joint Committee 1 and Committee 4 Task Group aiming at:

Clarify the rationale behind the current classification (based on a review of relevant ICRP
Publications),

Assess the reasons calling for an evolution based both on a review of scientific literature and
relevance for the radiological protection objectives and,

If any evolution is deemed desirable from a scientific point of view, assess the impact on
practical management of radiological risk with regards to the radiological protection system
objective, for both the prevention of harmful tissue reactions and the limitation of stochastic
effects.

Ieai INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION "



On-going work

Review the development of the current classification
over relevant ICRP Publications to identify the rationale Annals of the ICRP Annals of the ICRP
of the classification, both scientific aspects and expert PUBLICATION 83 ICRP Publcaton 113

Risk Estimation for Multifactorial Diseases " Steigmeny ondTlssue Besguons

. . .
judgement, and its evolution. —p—
Tissues and Organs — Threshold Doses
for Tissue Reactions in a Radiation

Protection Context

Consider current challenges based on a review of ® e
scientific evidence (cancer, heritable effects, in utero
exposure related effects, disease of circulatory system,
cataract, etc.).

AAAAAAAAAAAAAAAA

Recommendations of

the International Commission on

Radiological Protection

(Adopted September 17, 1965)

5.
depending on the extent to which the underlying damage is repaired of progresses with time

. after irradiation.
IGREEUBLICATION 3 “The manifetations of tissue injury vary from ope tissue 10 another, depending on their

the skin, cell depltion in the bone marrow causing haematological
of fertili

. :
v = ,‘
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Future work - review potentially relevant classification criteria

, SRR RREC. s ahee Current stochastic

BEccAas ) Current tissue reaction +

mm E T ;1 Epi - low dose ++ - -
,M/ EESEEEEEEEEE: jv Epi - med dose +++ + -
T '31 Epi - high dose +++ ++ -
(ﬁ / RiE Animal studies +++ ? +++
5 s i H |

= —;}3;3?1 ‘ Radiation-induced (mutation) ++ - ++

EREREE Radiation-enhanced ++ ? i

ERER

EEeEEEE Threshold _ ” .
i
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Conclusion (so far)

Review of the classification is an on-going work, to be performed in close relationship with other
ICRP Task Groups (TG119, etc), international organizations and the RP community

Review of the classification is not only a scientific task, radiological protection values (prudence)
and expert judgement must be considered (‘absence of evidence is not evidence of absence’)

Any evolution should be justified and potential impacts on practices must be carefully
considered

Ieai INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 14



Membership

Ludovic Vaillant, France

Elizabeth Ainsbury, United Kingdom
Friedo Zolzer, Czech Republic

Sara Dumit, United States of America
Omid Azimzadeh, Germany

Christophe Badie, United Kingdom Heloise Carpenter, United Kingdom
David Brown, United Kingdom Hafsa Essop, South Pretoria
Agnés Francois, France Varsha Hande, Japan

Nobuyuki Hamada, Japan Marta Kocemba, Canada

Sophie Jacob, France Julie Lopes, France

Chunsheng Li, Canada Anna Valianti, Cyprus

Michiya Sasaki, Japan Andreas Worner, Germany

Ieai INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 15


mailto:Ludovic.Vaillant@cepn.asso.fr
mailto:Liz.Ainsbury@ukhsa.gov.fr
mailto:Zoelzer@zsf.jcu.cz

