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Abstract
Low dose radiation has been widely accepted by the radiation protection com-
munity as presenting a very low risk to human health, if any. Over-conservatism
in optimisation principles and regulations have resulted in a disproportionate
fear of radiation amongst the general public and government authorities alike,
overlooking the great benefits nuclear science and techniques have brought to
society as a whole. As such, the World Nuclear Association advocates for a
recontextualisation of the radiation hazards with regards to low dose radiation,
and a greater awareness as to the absence of any discernible effects associated
with it.
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1. Introduction

The World Nuclear Association (WNA) is the international organisation that represents the
global nuclear industry. Its mission is to promote a wider understanding of nuclear energy
among key international influencers by producing authoritative information, developing com-
mon industry positions, and contributing to the energy debate. The WNA is also the global
nuclear industry’s interface with the established international institutions (IAEA, ICRP,
NEA-OECD, IRPA etc).

The Radiation Protection Working Group (RPWG) is a committee of the WNA and con-
sists of experienced radiation protection professionals from a range of organisation involved
in the nuclear fuel cycle. Areas of activity include uranium mining, fuel fabrication, electri-
city generation, education, research, plant construction, decommissioning and waste disposal.
The RPWG, created in 2002, promotes worker, public and environmental protection through
implementing robust radiation protection practices and develops and advocates scientifically
policy and practice.

The RPWG has recently published a policy paper on ‘Reviewing the Question of Low-Dose
Radiation’ (WNA 2021) and that paper is available from theWNAwebsite. This current paper
builds on the discussion in the position paper, providing a deeper consideration of low dose
radiation (below 100 mGy) and low dose rate (below 0.1 mGy min−1) (UNSCEAR 2012),
together with a discussion on the impacts. It is worth noting that the dose and dose rate levels
commonly found in the nuclear industry are well below the above mentioned levels.

The purpose of this paper is to provide informed opinions and practical perspectives on
the system of radiation protection. As practitioners, the RPWG is concerned that misinformed
radiation debate is occurring which marginalises the nuclear industry (Lindberg 2021). This
debate tends to over emphasise minor radiation risks, resulting in an unnecessary fear of radi-
ation (Slovic 2015). An additional purpose of the paper is to provide opinions and perspectives
for the upcoming review of the 2007 Recommendations of the International Commission on
Radiological Protection. A practical input to policy and standard setting provides a balance
between a system which is overly sophisticated and complex and a system that can be imple-
mented effectively, leading to worker, public and environmental protection.

This paper considers the following.

• Low-dose radiation and the evidence for impacts (LNT),
• How the systems of radiation protection inadvertently perpetuate misconceptions about

optimisation and collective dose,
• Opportunities to move forward.

2. Background

The international nuclear industry is a significant contributor to the global society by sup-
plying approximately 15% of the world’s electricity demand, that is essentially carbon free.
The industry maintains a strong focus on safety and continuous improvement and ensures that
radiological impacts to workers, the public and environment have been optimised and well
controlled. This is done by implementing robust internationally accepted radiation protection
practices and controls that are based on the science of the impacts of radiation, which have
developed and improved over the past decades. Industry also contributes to standard develop-
ment and policy by supporting ongoing research, providing a practical perspective on radiation.
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Despite the sustained focus, significant events (incidents of: Chernobyl, Fukushima, TMI)
have occurred which focus the public’s attention on the industry and, in particular, on the
radiological impacts of the industry. While the radiological risks from such events are well
documented and generally low, the negative focus on radiation constrains rational discussion
on risk.

It is a fact that radiation is ever present in our daily lives with significant variations across
different countries and within countries. This ever-present radiation exposure is seldom recog-
nised, with the majority of people not considering it when making decisions in their every-
day lives. On the other hand, most people accept the medical use of radiation, for example,
in diagnostic application or cancer therapy. However, much of negative coverage of radi-
ation focusses on the low doses delivered by nuclear installations which contribute the smal-
lest fraction of the overall radiation dose to the public. Additionally, dramatised document-
aries (e.g. HBO series: Chernobyl (HBO 2019)) distort the public perception of radiation
impacts.

Popular media propagates the myth that the health risks associated with low doses of radi-
ation are substantially greater than they actually are (Sanders 2017). This then re-enforces the
public’s perception that all radiation is dangerous and that the industries associated with radio-
activity are therefore also dangerous. However, when considering the facts, this is far removed
from the truth.

Current science shows that any risk associated with low doses and dose rates of radiation
is extremely low, if it exists at all. Existing radiation protection regulations are designed to
ensure that radiation exposures to workers, public and the environment are at levels that are
well below the level where there is any demonstrated health impact.

There are numerous practical consequences that result from a distorted perception of radi-
ation risks and some of these are shown as follows.

• Diverting attention and effort from other higher risks,
• Increased unnecessary and costly regulation,
• Overly conservative approaches, systems and decision making and
• Shifting from objective risk-based decision making to perception-based decision making.

The misconceptions about radiation directly affect the ability of the nuclear industry to
provide clean, affordable and low-carbon electricity. While no action or practice is totally
removed from any level of risk, the very low risks from nuclear energy production are
massively outweighed by the benefits provided by the use of electricity produced by nuclear
energy.

3. Industry performance

The radiation protection performance of the nuclear industry is excellent. Impacts to the envir-
onment through radioactive releases or waste are very well controlled and ongoing monitoring
and studies show that radiological impacts remain well within acceptable regulatory standards.

Comprehensive industry performance data has been collated in UNSCEAR (2008) and
(2016) and shows continuous improvement over many decades (see figure 1), with current
average doses similar to the members of the public’s dose limit and natural background levels.
More recent occupational exposure data from the Nuclear Energy Agency (NEA 2017), con-
firms the ongoing improvement of the industry.
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Figure 1. Estimated annual average effective dose (mSv a−1) to workers in the nuclear
industry worldwide (UNSCEAR 2008, 2016).

Uranium mining worker dose data largely depends upon the type of mining, which
includes underground mining, open cut mining and in situ leaching. Australia shows aver-
age annual doses of approximately 1.5 mSv y−1 (averaged over the last ten years), with
Australian uranium processing workers receiving on average 0.5 mSv y−1 for a similar period
(ARPANSA 2019).

In Canada, the doses to workers are similarly low with annual averages from 2012 to 2016
being less than 1 mSv y−1 (CNSC 2018).

Despite the measured and verified performance of the nuclear industry, dose data can be
misinterpreted leading to incorrect perceptions of the impacts from radiation. These miscon-
ceptions are sometimes supported by interest groups in an attempt to disrupt the growth of the
nuclear industry. In some extreme cases, these false arguments can be used by anti-nuclear
group to push the argument over closing existing nuclear facilities.

The measured and verified data do not support these arguments. For example, UNSCEAR
(2015) notes the following.

In general, increases in the incidence of health effects in populations cannot be
attributed reliably to chronic exposure to radiation at levels that are typical of
the global average background levels of radiation.

However, the conservative basis of the internationally accepted system of radiation pro-
tection and some of the terminology and definitions, allow misinterpretation, in particular the
‘linear non-threshold’ (LNT) model which implies that radiation doses, no matter how low,
present a risk and that there is no safe level of radiation exposure.

These aspects are explored in section 4.

4. The low dose paradox

ICRP 103 confirmed that: ‘assuming a linear response at low doses, the combined detriment
due to excess cancer and heritable effects remains unchanged at around 5% per Sievert.’ (ICRP
103). This radiation risk factor of 5% per Sv is a dose-response factor and has been derived
from high dose and high dose rate situations. The system of radiation protection conservatively
assumes that the risk factor applies for all doses down to zero dose and this approach is known
as the LNT model (see figure 2). While there is evidence of radiation risks from doses greater
than about 100 mSv, the situation at lower doses (where occupational and public exposure
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Figure 2. Simplified diagram of the LNT model.

occur) is much less certain. However, the LNT model applies this risk factor down to natural
background radiation levels and even lower.

The LNT model hypothesises that radiation risk is proportional to dose at all dose levels.
Therefore, the model says that even at low doses (of the order of a few mSv) there is assumed
to be a small risk of cancer. This model has been adopted as the foundation of radiation pro-
tection practices and establishes a prudent response to the fact that the ‘true’ risks at low doses
are not known. The LNT model forms the theoretical cornerstone of the system of radiation
protection and regulations, including dose limits and key concepts such as ALARA (As Low
As Reasonably Achievable) and collective dose.

In the very low dose region, it is practically impossible, by means of epidemiological stud-
ies, to show any link between radiation and any negative health impacts because of the relat-
ively high incidence of natural occurring impacts (e.g. cancer) and the low incremental risk
from radiation. In addition, the presence of a low, but quite variable exposure to natural back-
ground radiation further complicates the problem of determining the impact of radiation in the
low dose region. A 2018 review of available epidemiologic data undertaken by the National
Council of Radiation Protection (NCRP 2018), best summarises the difficulties with the prac-
tical application of the LNT model by stating the importance of recognising that

the risk of cancer at low doses is small and might contribute only a very small,
nondetectable fraction to an individual’s overall risk.

The LNT as a model is a conservative oversimplification that has been in used for dec-
ades. Although, the NCRP concluded that the LNT model is the most prudent approach for
radiation protection purposes, the controversy over its validity at low doses continue to raise
voices amongst medical (AAPM 2018) and industry professionals. Because of the inadequate
scientific evidence at low doses, interest groupsmaymisuse themodel to misinterpret radiation
risks, leading to heightened levels of fear about the industry.
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5. Misinterpretation of radiation protection concepts

From a practical perspective, there are two radiation protection concepts that have developed
from the LNT model that, when used properly and as intended, are useful tools for radiation
protection management. However, when used inappropriately, they can be used in an open-
ended manner to undermine the formal and robust system for radiation protection. These con-
cepts are optimisation and collective dose. A discussion on the practical aspects of the misuse
of these important radiation protection concepts follows.

5.1. Optimisation in practice

In ICRP Publication 26 (ICRP 1977) the principles of optimisation were formalised. For the
two decades preceding this document the idea of maintaining doses as low as possible was
seen to be a prudent approach to radiation protection. In 1977 the adoption of the concept into
the ICRP system of radiological protection meant that industry and users of radioactivity were
required to formally consider optimisation as part of their management systems.

In ICRP Publication 42 (ICRP 1985) the concept of optimisation was broadened as policy
makers grappled with its implementation. In this publication, the following three interpreta-
tions were considered to have the same meaning:

• ALARA (social and economic factors taken into account)
• Optimisation of radiation protection and
• Keeping exposures as low as reasonably achievable.

In later publications, the definition of optimisation by the ICRP in ICRP 2006b again shifted
to the following:

… the source-related process to keep the magnitude of individual doses, the
number of people exposed, and the likelihood of potential exposure as low as
reasonably achievable below the appropriate dose constraints, with economic
and social factors being taken into account.

It is relevant to note that this change further limits optimisation to being below dose con-
straints. From a practical perspective, this provides another inferred limit where operators are
required to

(a) comply with dose limits,
(b) establish lower dose constraints and
(c) optimise below the dose constraints.

This re-enforces the notion that optimisation is equal to minimisation and is generally the
way implementers are applying the ALARA concept. ICRP stresses that: ‘the best option is
not necessarily the one with the lowest dose’ (ICRP 101), and efforts should be pursued to
convey that message and educate RP (Radiation Protection) professionals on this matter.

ICRP notes in the same publication that optimisation is part of a broader approach involving
‘individual equity, safety culture, and stakeholder involvement’. From a practical perspective,
this embeds optimisation with the formal management structures of an operation. It is worthy
to note also that in earlier publications, ICRP refers to the application of optimisation using
the term ‘common sense’. This term was removed in later publications in favour of more pre-
scriptive terminology.
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At a practical level, ALARA is usually considered to be part of an organisation’s continuous
improvement culture, where the organisation is looking to always improve rather than simply
achieving a target performance level. An example is switching off lights to save small amounts
of energy.

The RPWG notes that the principle of optimisation is often misused because the broader
social and economic factors not being properly taken into account in decision making. This
leads to a perception that optimisation means ‘as low as possible’. This incorrect application
of the optimisation principle results in unnecessary costs for industry with negligible benefit. It
is important to ensure that the proper intended application of optimisation is applied to ensure
that benefits are achieved for the expenditure.

An example of the misuse of optimisation can be seen in the occasional excess attention
being paid to a particular practice, resulting in more effort for radiation protection than would
be considered reasonable to justify. This is usually about risk reduction rather than actual dose
reduction. This results in additional measures being required to ensure that doses remain at
their existing lower levels.

From an industry perspective, the difficulty is that optimisation can be used to imply that an
unacceptable risk exists when in reality, it does not. From a practical perspective, this creates
unnecessary cost or a diversion of finite resources. It places a burden on management systems
to impose additional controls. Most importantly, it overemphasises the risk of radiation and
potentially results in confusing staff and contractors about the key risks in a job. This also
results in misinformation for public decision making such as the Fukushima Daichi incident
where more than 2200 deaths resulting from evacuation stress and interruption to medical
care were reported, while no radiation induced fatalities are reported to this day (Fukushima
Pectural Government 2019, UNSCEAR 2020). Another example could be highlighted with
the recent efforts aimed at strengthening the regulation on clearance for natural and artificial
radionuclides. These measures, ultimately aimed at marginally lowering the dose and gaining
public acceptance, will have no measurable health benefits, but will add yet another financial
burden to the industry (Hattori 2019).

Radiation is one of a number of hazards that requires control within the nuclear industry
and ensuring that the magnitude of the actual risk remains in perspective with the other hazards
is important for effective safety management.

5.2. Collective dose

In ICRP Publication 26 (ICRP 1977), the term ‘Collective Dose’ was first described as a tool
for decision making and comparing options. It is essentially the product of dose by the number
of people potentially exposed and can be arbitrarily applied across a timescale. At the time,
the ICRP warned about the uncertainties involved and noted that the concept should be used to
‘appraise the detriment from a practice’, suggesting that it can be used as a qualitative means
of considering a particular practice.

In fulfilling its original intention as a tool to compare options, it has been useful when
making decisions about technologies or long-term remediation options.

However, in practice, collective dose has also been inappropriately used to imply or calcu-
late risks by multiplying very small average doses with a large population across a long time
scale by the UNSCEAR risk factor, to produce alarming numbers of hypothetical fatalities.
This approach was applied to the Chernobyl and Fukushima accidents and is regularly applied
to operating nuclear facilities. When challenged, these estimates are shown to be misleading.
The use of collective dose in this manner is inappropriate and not consistent with its original
intention.
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From the nuclear industry perspective, the primary difficulty with the inappropriate used
of collective dose is that it enhances public fear and leads to misguided decision making by
policy makers and regulators.

The inappropriate use of the collective dose concept is widely condemned by radiation
protection professionals.

Gonzales (2014) highlights the problems caused by the concept of collective dose, noting
that theoretical calculations have already caused much harm. He notes that UNSCEAR were
moved to make the following statement:

Therefore, 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 equi-
valent to or lower than natural background levels.

Most recently, in 2016, UNSCEAR recommended that the use of collective dose should not
be used to estimate alleged health effects:

‘Collective dose is not intended as a tool for epidemiological risk assessment’. Moreover,
the aggregation of very low individual doses over extended time periods is inappropriate for
use in risk projections and, in particular, the calculation of numbers of cancer deaths from
collective doses based on individual doses that are well within the variation in background
exposure should be avoided.

The ICRP notes that it is inappropriate to use collective dose calculations for theoretical
health impacts of radiation exposure as ‘collective effective dose is not intended as a tool for
epidemiological studies, and it is inappropriate to use it in risk projections’ (ICRP 2007).

Health Physics NewsMarch 2013 reports,Misuse of CollectiveDose:Multiplying tiny radi-
ation doses by millions (or billions) of individuals to estimate numbers of radiation-induced
cancers should not be done, yet such computations are still being performed.

From a practitioner’s perspective, the concept remains useful when comparing repetitive
tasks or procedures in order to optimise the potential exposures during on-site maintenance
operations (e.g. change of valve in a contaminated environment). It is linked to optimisation
and when comparing options or in health-risk assessment, collective dose is a useful tool for
optimisation of decision making, however.

Although the ICRP and UNSCEAR comment on the correct use of the term, the damage
has been done and editorial clarifications seem to not be able to change the broader misuse
of the term. The RPWG advocates that the term collective dose be removed from policy and
regulation and considered only as operational optimisation tool. Collective dose is an excellent
operational tool, not a policy tool.

6. Discussion

The nuclear industry clearly understands that there are a range of reasons why nuclear power
may not be acceptable to various groups and to various countries; however, the industry argues
that radiation should not be among those reasons. Scientific evidence clearly shows that at
low doses, the health effects of radiation exposure are not discernible. This is true for doses
typically encountered in the nuclear industry and other application of radiation in society,
where the benefits outweigh the small risks.

This is particularly true in the event of a nuclear accident. Like any major accident
or incident, objective decision making in relation to emergency response or post closure
remediation should be based on scientific evidence, rather than perception. In addition, other
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non-quantifiable data such as psychological and socio-economic factors will have to be taken
into account by decision makers as part of their all-hazard approach. The totality of acute and
chronic hazards and risks need to be considered in perspective, to ensure a proper response to
the incident.

Additional constraints on radiation emissions would also impair the many beneficial uses
of nuclear technology. Many fields have benefitted from radio-nuclear applications such as the
medical, industrial and agricultural (e.g. sterilisation, mutation breeding for crops etc) fields,
resulting in a rise in standards of living. For example, advanced diagnostic and treatment meth-
ods have saved millions of lives, and the use of nuclear energy provides clean, affordable and
low-carbon electricity for many millions of people around the world.

Current science shows any risk associated with very low doses of radiation (as experi-
enced in the nuclear industry) is extremely low, if it exists at all. However, misconceptions
about radiation is limiting the willingness of society of more fully harness the benefits of
nuclear power as a clean, affordable, and low-carbon source of electricity. In addition, the bur-
den from excessive regulation imposes unnecessary costs to the global nuclear industry and
society as a whole—while at most achieving minor decreases in exposure levels without any
benefits.

Some examples which highlight the difficulties that the industry faces in regard to the over
focus on radiation as a result of perceived risks and the impacts of misconceptions are as
follows.

• The inability to demonstrate that deep geological disposal of radioactive waste is safe,
• Closure criteria and legal definitions of radioactive material becoming trade barriers,
• Regular changes in the system of protection (for example changes in dose limits or dose

estimation methods) which suggest a lack of understanding of radiation effects,
• Risk inequality—maintaining risks in perspective when completing complex and difficult

tasks (such as maintenance).

The RPWG notes that there are a number of potential practical improvement options, most
of which are based on clarity and communicating as follows.

• Effective communication and stakeholder engagement about the low health risk from expos-
ure to low levels of radiation may prevent adverse health effects associated with the fear of
radiation,

• The RPWG strongly supports education as the basis for informed decision making and the
importance of sound science as the basis of policy making,

• The RPWG advocates simplification of the system of dose limitation and proposes the fol-
lowing practical discussion points,

• Ensuring that radiological risks are considered alongside other hazards and risks
• Modifying the concept of collective dose to limit its use to an operational optimisation tool

and
• Avoiding over conservatism in risk assessments.

7. Conclusions

This paper has aimed to provide a set of observations, based on the knowledge of nuclear
industry practitioners through the WNA RPWG.
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The key conclusions are as follows.

(a) Unnecessary fears of radiation are impacting on the viability of a sustainable solution to
climate change.

(b) Many of the fears find their basis in the ultra-conservative nature of radiation protection
and also in the misuse of radiation protection concepts and principles.

(c) The RPWG advocates an ‘All-hazards’ approach, where all hazards are considered in per-
spective, without prioritisation on one particular hazard.

(d) Clarity in communications of hazards and risks of radiation should remain a priority for
all radiation protection professionals and practitioners.
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