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Executive summary

These guidelines are an update of the 1999 World Health Organization (WHO) guidance
on the use of iodine thyroid blocking (ITB) with a special focus on public health consid-
erations of ITB implementation.

Background

During a nuclear accident, radioactive iodine may be released in a plume, or cloud,
contaminating the environment, thus resulting in external exposure. Inhalation of con-
taminated air and ingestion of contaminated food and drinking water may lead to internal
radiation exposure and uptake of radioactive iodine mainly by the thyroid. The thyroid
gland uses iodine to produce thyroid hormones and does not differentiate between radio-
active and stable iodine. Hence after a nuclear accident, if radioactive iodine is inhaled
or ingested, the thyroid gland absorbs it in the same way as stable iodine. If stable io-
dine is administered prior to, or at the onset of the exposure to radioactive iodine, the
uptake of the latter will be blocked by saturation of the thyroid gland with stable iodine,
thus effectively reducing internal exposure of the thyroid. Overall, oral administration of
stable iodine (together with control of food and drinking water) is considered an appro-
priate strategy for reducing the risk of adverse health outcomes in people exposed to an
accidental release of radioactive iodine and is included in many countries preparedness
plans.

Purpose and objectives

The technical guidance provided in these guidelines aims to support public health pre-
paredness for radiation emergencies in Member States, as required by the International
Health Regulations (IHR). It is confined to planning and implementation of ITB before
and during a radiation emergency. These guidelines do not address the radiation protec-
tion basis set for ITB planning and implementation, but rather complements the relevant
international safety standards and technical guides published by the International Atomic
Energy Agency (IAEA) and co-sponsored by WHO and other international organizations.

The main objectives of these guidelines are to:

m assess the evidence base and provide guidance on the implementation of ITB in case
of radiological or nuclear emergencies, including advice on timing and repeated ad-
ministration during continuing release of radioactive iodine;

m identify most vulnerable groups and specify the applicability and modalities of ITB
implementation for those groups, considering the side effects and associated risks of
ITB use; and

m identify research gaps in relation to ITB evidence base.
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EXECUTIVE SUMMARY

Target audience

The primary audience for these guidelines is health authorities and public health profes-
sionals responsible for, or otherwise involved in, planning and responding to radiation
emergencies. It is also relevant for all other specialists involved in planning and respond-
ing to radiation emergencies.

How were these guidelines developed?

The methodology presented in the WHO Handbook for guideline development was used
to ensure transparency, and systematic use of evidence in developing these guidelines.
A panel of independent experts — the Guideline Development Group (GDG) — was set up
and followed the Grading of Recommendations, Assessment, Development and Evalua-
tion (GRADE) system to assess the quality of evidence and evidence-based decision-mak-
ing. The process of developing the recommendation is described in detail in Chapter 2.

Recommendation

During a radiological or nuclear emergency, provision of iodine thyroid blocking (ITB) to
people who are at risk of being exposed to radioiodine should be implemented as an ur-
gent protective action, within the frame of a justified and optimized protection strategy.

Quality of evidence: very low
Strength of the recommendation: conditional

Public health considerations of ITB implementation

Key considerations for implementation of this recommendation are provided in the
guidelines, including on ITB planning, logistics, form and dosage, and adverse effects
of stable iodine.

The optimal period of administration of stable iodine is less than 24 hours prior to, and
up to two hours after, the expected onset of exposure. It would still be reasonable to ad-
minister ITB up to eight hours after the estimated onset of exposure. However, starting
with ITB later than 24 hours following exposure may yield more harm than benefit since
it would prolong the biological half-life of radioactive iodine that has accumulated in the
thyroid.

A single administration of an ITB agent is usually sufficient. However, repeated admin-
istration of stable iodine may be necessary in the case of prolonged (beyond 24 hours)
or repeated exposure, unavoidable ingestion of contaminated food and drinking water,
and where evacuation is not feasible. Neonates, pregnant and breastfeeding women and
people older than 60 years, should not receive repeated ITB due to the risk of adverse
effects. The following considerations should be kept in mind when administering ITB:

m Children, adolescents, pregnant and breastfeeding women, are most likely to benefit
from ITB, whereas individuals over 40 years of age are less likely to benefit from it.
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m Should the supply of stable iodine be limited, priority should be given to the children
and younger adults.

B Individuals at risk of exposure to high doses of radioactive iodine (e.g. emergency
workers involved in rescue or clean-up operations) are likely to benefit from ITB irre-
spective of their age and should be given priority.

m People living in iodine deficient areas are more likely to be affected by exposure to
radioactive iodine. In such places, national or regional programmes targeting iodine
deficiency should be considered.

Further research is required in the following areas to strengthen the evidence base for
ITB:

m Radioiodine biokinetics in thyroid patients diagnosed or treated with radioisotopes of
iodine.

m Dosage, optimal timing and regimens for multiple administrations of stable iodine in
case of repeated or protracted releases of radioactive iodine and the adverse health
effects of stable iodine administration. Studies in primates could be helpful for these
purposes.

B Feasibility, acceptability and overall effect of use of ITB on psychosocial outcomes of
radiation emergencies is needed.

m Detailed analysis of best practices for stable iodine pre-distribution and stockpiling
is required in order to ensure a uniform way of dealing with a serious radiological or
nuclear emergency situation, regardless of national borders, hence allowing for coher-
ent and coordinated protective actions.

8 /I0DINE THYROID BLOCKING



1. Introduction

1.1. Rationale

During a nuclear accident, radioactive iodine may be released in a plume, or cloud,
contaminating the environment (i.e. air, water, soil, surfaces, plants, etc.) and settling
on skin and clothing, resulting in external radiation exposure. Inhalation of contami-
nated air and ingestion of contaminated food and drinking water may lead to internal
radiation exposure and uptake of radioactive iodine mainly by the thyroid. While ab-
sorption through the skin is a possible route it is negligible in comparison with inhala-
tion or ingestion.

The thyroid gland uses iodine to produce metabolically active hormones and does not
differentiate between radioactive and stable iodine. Hence, if radioactive iodine is
inhaled or ingested, it will be absorbed by the thyroid gland. Studies of atomic bomb
survivors indicate that thyroid tumours may develop following external exposure to ion-
izing radiation (I,2). The Chernobyl nuclear reactor accident in 1986 caused a large
release of iodine-131 (I-131) and short-lived radioactive iodine into the environment.
Higher rates of thyroid cancer were observed in individuals living in contaminated
areas of Belarus, Ukraine and the western part of the Russian Federation. This in-
crease in thyroid cancer incidence was linked to the internal exposure to radioactive
iodine (3-6).

Children and adolescents are at higher risk of developing radiation-induced thyroid
cancer compared to adults, due to a range of physiological and behavioural factors.
These include a higher uptake rate of radioiodine during the development of the thy-
roid gland in childhood and adolescence, and a higher tissue dose due to the small
size of the thyroid gland in children (3,5,7,8). Furthermore, younger children have
different food intake than adults. For example, after the Chernobyl accident, milk was
one of the main sources of exposure to radioiodine and its access was not immediately
restricted. Since children tend to consume more milk than adults, this led to children
being disproportionately affected.

Prenatal exposure to [-131 may also increase the risk of thyroid cancer (9). Potential
transfer of 1-131 from mothers to infants during breastfeeding has also been investi-
gated as a risk factor (10,11). The younger the individual is at the time of exposure,
the higher the risk of developing thyroid cancer (6,12). It has also been reported that
iodine deficiency was associated with an increased risk of radiation-induced thyroid
cancer in populations affected by the Chernobyl accident (13).

Oral administration of stable iodine is considered an appropriate strategy for avoiding
the risk of thyroid cancer in people exposed to an accidental release of radioactive io-
dine (14-16). If taken before, or at the onset of exposure to radioactive iodine, stable
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iodine blocks the uptake of radioactive iodine by saturating the thyroid gland with
stable iodine, thus effectively reducing internal exposure of the thyroid.

The use of iodine thyroid blocking (ITB) as an urgent protective action following the
release of radioiodine was first described in 1960s and 1970s (17-20) and addressed
in detail in the World Health Organization (WHQO) Guidelines for iodine prophylaxis
following nuclear accidents published in 1989 (21). These guidelines were revised a
decade later in 1999 to build on knowledge related to the risk of childhood thyroid
cancer in the aftermath of the 1986 Chernobyl accident (14).

The radiation protection basis for implementing ITB is established in the International
Atomic Energy Agency'’s international safety standards co-sponsored by WHO, including
(IAEA) Safety Standards Series General Safety Requirements (GS Part 7) (22) and the
General Safety Guide — (GSG 2) (23) publications. These guidelines support the generic
criterion for a projected equivalent thyroid dose of 50 mSv for the first seven days since
the onset of exposure, and focuses on public health aspects of ITB implementation,
which are not included in the scope of the existing international safety standards.

In the aftermath of the nuclear accident following the Great East-Japan Earthquake
and Tsunami in March 2011, many countries revisited their preparedness plans and
strategies. One of the specific issues raised by the Fukushima Daiichi nuclear power
plant accident was the use of ITB as an urgent protective action. The 2015 |IAEA
report on Fukushima states that, “Administration of stable iodine for iodine thyroid
blocking was not implemented uniformly, primarily due to the lack of detailed arrange-
ments” (24), highlighting the need for additional guidance on ITB implementation.
Under the International Health Regulations (IHR) (25), WHO has a mandate to assist
Member States in strengthening national capacities for public health preparedness
and response to any emergency, including radiological emergencies and nuclear ac-
cidents. This includes technical support and guidance for developing national policies
and for implementation of international safety requirements, provision of technical
tools, training, education, and exercises aiming at building relevant national capaci-
ties. Therefore, the development of the current guidelines falls directly under the man-
date of the organization.

1.2. Objectives

These guidelines aim to support Member States public health preparedness for radia-
tion emergencies, as required by the IHR (25), through provision of technical guid-
ance. The main objectives are to:

m assess the evidence base and provide guidance on the implementation of ITB fol-
lowing radiological or nuclear emergencies, including advice on timing and repeated
administration following continuing release of radioactive iodine due to a radiological
or nuclear emergency;

m identify most vulnerable groups and specify the applicability and modalities of ITB
implementation for those groups, considering the side effects and associated risks of
ITB use; and

m identify research gaps in relation to ITB evidence base.
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1. INTRODUCTION

1.3. Scope

These guidelines provide recommendation on ITB when planning for and responding
to radiological or nuclear emergencies involving a release of radioactive iodine in the
environment. The ITB implementation is discussed as an urgent protective action to
safeguard potentially affected populations. Emergency and rescue workers are exclud-
ed from the scope of this document since the existing occupational safety standards
for this category of workers explicitly prescribes the use of stable iodine prior to deploy-
ment if there is a risk of exposure to radioactive iodine.

1.4. Target audience

These guidelines are primarily intended for national and local health authorities and
public health professionals responsible for, or otherwise involved in, preparing for,
and responding to radiation emergencies. These guidelines are also relevant for other
groups and stakeholders such as:

W radiation emergency medicine specialists and relevant professional associations;
W radiation protection, occupational safety professionals;
m health workers and health care facility managers;

W any other specialists involved in emergency response planning and management, in-
cluding radiation protection and radiation safety specialists; and

B academia and researchers.
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2. Methods

2.1. Process of developing these guidelines

The methodology set out in the WHO Handbook for guideline development (26) was
used in developing these guidelines.

In response to the need for updated guidance on ITB, WHO, advised by external ex-
perts and stakeholders, convened a guideline development process to review the evi-
dence base for public health aspects of ITB implementation. Starting in May 2014
through January 2017, three groups were convened to analyse the evidence and review
these guidelines (see Annex 1 for the full names and affiliations of the members of
these groups):

1. the WHO Steering Group, consisting of WHO staff with expertise relevant to ITB and
response to radiation emergencies, including nutrition, cancer research and risk
communication;

2. the independent Guideline Development Group (GDG), consisting of 14 members,
(11 men and three women), selected on the basis of their technical expertise from
11 countries in four WHO regions (Region of the Americas, Eastern Mediterranean
Region, European Region and Western Pacific Region). This geographical and gen-
der distribution reflects the demographics of expertise in radiation protection, safety
and radiation emergency response management, as well as the geography of coun-
tries, risk profiles including radio-nuclear hazards (27);

3. the External Review Group, made up of radiation experts, public health professionals
and people representing potentially affected groups was set up to review the final
recommendations. They provided extensive comments about the feasibility and ap-
plicability of the guidance.

In May 2014, a face-to-face meeting of the GDG was held at the University Hospi-
tal Wirzburg, Germany. During the meeting the panel discussed and agreed on the
scope of the guidelines, formulated the questions to guide the systematic review us-
ing PICO format (population, intervention, comparator and outcome), identified and
prioritized the outcomes, set the timeline and distributed the tasks among the panel
members (28). The protocol of the systematic review was published prior to developing
the recommendation (16), and the systematic review was finalized at the end of 2015
and published in 2016 (29).

In January 2016, WHO organized a second face-to-face meeting of the GDG at Cis-
anello Hospital in Pisa, Italy to review the results of the systematic review, the GRADE
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(Grading of Recommendations, Assessment, Development and Evaluation) evidence
profile tables and other background work. The GDG discussed cost, use of resources,
feasibility, acceptability, equity and implementation considerations related to the rec-
ommendations and proposed areas in which further research is required.

Between September 2016 and January 2017, the External Review Group, the GDG
and the Internal Steering Group reviewed and provided further input into these guide-
lines. During 2016-2017, the on-going work was presented in various international
fora to collect feedback from a wider stakeholder community.

2.2. Management of conflicts of interest

All experts participating in the development of these guidelines were asked to com-
plete a declaration of interest (DOI) form detailing any interest relevant to the subject
before their participation. In addition, all members of the GDG were asked to provide
short biographies that were posted on the WHO public website! to facilitate feedback
about any perceived conflicts. No public concerns were raised.

At the beginning of all GDG meetings, an explanation of what is considered or defined
as a conflict of interest was provided. This includes any interest (e.g. financial, political
or academic) that could be reasonably perceived to affect an individual’s objectivity
and independence while working with the WHO.

In addition, experts invited to participate in a substantive way in the development of
the guidelines (including completion of the systematic review, developing evidence
profiles, facilitating formulation of the recommendations and writing the guidelines)
also completed a DOI form, and submitted it to the Secretariat.

The WHO Secretariat reviewed and assessed the declared interests — with the help of
the Steering Group — prior to each meeting, to determine whether any participant had
competing interests that may preclude or limit participation in the process.

At each GDG meeting, DOI forms were summarized and presented to the entire group,
so that they were aware of any potentially competing interests declared by participants.
In addition, all GDG members were asked to update or amend their declaration at the
start of each meeting or between meetings (see Annex 1 for a summary of declared
interests). Few experts declared potentially perceived non-financial conflicts of inter-
ests and were assessed by the Secretariat. None of these experts were deemed to have
competing interests precluding their participation in the decision-making with regard
to the recommendation and its implementation considerations.

2.3. Formulating questions in PICO format

Evidence-based approach uses a process of framing a research question with the fol-
lowing elements: problem/patient/population (P), intervention/indicator (1), compari-

1. Development of WHO Guidelines on Public Health Response to Radiological and Nuclear Emergencies (2012—
2016). http://www.who.int/ionizing_radiation/a_e/radiological-nuclear-emergencies/en/, accessed 20 Septem-
ber 2017.
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son (C), and outcome (O) — PICO questions. The GDG developed the following key PICO
question with the input of the Systematic Review team:

In a population exposed to radioiodine release (P), does the administration of sta-
ble iodine for thyroid blocking (I) against no administration (C) affect the risk of
developing thyroid cancer, hypothyroidism, or benign thyroid nodules (0)?

Further, two sub-questions were formulated to elaborate the main PICO question:

B In a population exposed to a single radioiodine release (P), does the timing of the ad-
ministration of stable iodine prior to, shortly after the onset of the exposure (I) or later
than two hours from the onset of the exposure (C) affect the risk of developing thyroid
cancer, hypothyroidism, or benign thyroid nodules (0)?

B |n specific subgroups of a population exposed to a continuous or repeated radioiodine
release (P), does a repeated administration of stable iodine (l) against a single admin-
istration (C) affect the risk of developing thyroid cancer, hypothyroidism, or benign
thyroid nodules (0)?

2.4. Evidence search and retrieval

The PICO questions were used to perform a systematic review of the literature using
standard review methodology, i.e. selection of eligible studies, data extraction, assess-
ment of risk of bias, assessment of heterogeneity, and data synthesis (see figure 1).
The search was conducted in MEDLINE (via PubMed) and EMBASE, using terms relat-
ed to the health condition, intervention and occurrence/location. No date or language
restrictions were applied. The detailed protocol of the evidence retrieval and system-
atic review has been published (16).

Inclusion and exclusion criteria

Only human studies were included, as the specific outcomes of interest would be only
relevant to human population. These comprised of studies comparing the effects of
stable iodine administration versus no administration in relation to thyroid cancer, hy-
pothyroidism and benign thyroid nodules in a population exposed to radioactive iodine
release. Studies that did not meet the inclusion criteria were excluded. Indirect evi-
dence from surrogate endpoints such as mechanistic models or studies in volunteers
or animals may be applied to support recommendations in this area, if available (30).
However, the studies on the type of outcomes that were selected by the GDG were not
available.

Systematic review outcomes

After application of the inclusion and exclusion criteria, the search yielded one cross-
sectional study, one analytic cohort study and two case-control studies relating to the
defined questions (see figure 1). The number of study participants ranged from 886 to
12 514. Two of the studies focused on children and two others on children and adults
(29). A meta-analysis of individual studies was not considered feasible because of the
great variability in the study design and populations identified.
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2. METHODS

Figure 1. Search strategy PRISMA flowchart
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Thyroid cancer. The systematic review found evidence that use of stable iodine ad-
ministration after a nuclear accident reduced the risk of thyroid cancer in children.
However, most of the identified studies were not specifically designed to address the
protective effect of stable iodine or the timing of the administration, and the effects
of the methods of stable iodine administration and the dosage applied were not de-
scribed. Therefore, the overall evidence was assessed as of either low or very low qual-
ity due to the limitations mentioned above (see next section of this document for the
definition of quality of evidence).

Hypothyroidism and benign thyroid nodules. None of the studies investigated the ef-
fects of stable iodine administration on hypothyroidism and benign thyroid nodules.

2.5. Method used to assess the quality of evidence

The GRADE system was used to assess the quality of the evidence and evidence-based
decision-making and to determine the strength of the recommendation (31). The qual-
ity of evidence refers to the degree of confidence in the estimate of effect (32). For
questions of effectiveness of an intervention, evidence derived from analytical studies
such as randomized controlled trials is rated as high quality evidence but may be then

GUIDELINES FOR USE IN PLANNING FOR AND RESPONDING TO RADIOLOGICAL AND NUCLEAR EMERGENCIES / 15



downgraded for several reasons, including risk of bias, inconsistency of results, indi-
rectness of evidence, imprecision and publication bias (33). Observational studies are
initially rated as low level of quality of the evidence and can also be downgraded for
reasons similar to those of randomized controlled trials, or on the contrary upgraded if
the magnitude of the treatment effect is very large, if evidence, for example indicates
a strong dose-response relationship. Quality of evidence can be categorized into: high,
moderate, low and very low (see Table 1 on the evidence quality grading scale). The
higher the quality of evidence, the stronger the recommendation.

Table 1. GRADE definition of the quality of the evidence

High

Moderate

Low

Very low

Very confident that the true effect lies close to that of the estimate of
the effect

Moderately confident in the effect estimate: the true effect is likely to
be close to the estimate of effect, but there is a possibility that it is
substantially different

Confidence in the effect estimate is limited: the true effect may be
substantially different from the estimate of the effect

Very little confidence in the effect estimate: the true effect is likely to
be substantially different from the estimate of the effect

It should be noted, however, that applicability of the GRADE approach for assessing the
quality of evidence to answer questions regarding environmental exposures is challeng-
ing, as the method does not fully apply to the evidence derived from the emergency situ-
ations, such as nuclear or radiological disasters due to a number of reasons, including:

B absence of randomized control studies;

B lack of statistical data that might be used to assess the effectiveness of various protec-
tive actions and health risks associated with their implementation.

The following factors affecting the grading of strength of recommendations were con-
sidered by the panel (see Annex 2 for more detail on the use of these factors in the
decision-making):

M Priority of the problem. The more prevalent and burdensome the condition, the stron-
ger the recommendation.

m Values and preferences. The smaller the variability and uncertainty in values and pref-
erences, the more likely the recommendation will be strong.

m Balance of benefits and harms. When a new recommendation is developed, desirable
effects (benefits) need to be weighed against undesirable effects (harms or risks), con-
sidering any other alternative. The larger the difference between benefits and harm,
the more likely the recommendation will be strong.

B Resource use. Most interventions have resource implications, including human re-
sources, financial costs of the drug acquisition and storage, stockpile management

16 /I0DINE THYROID BLOCKING



and maintenance, and staff training. Resource use, an important consideration for
decision-makers, will differ between alternative interventions and management strate-
gies. The lower the costs of an intervention, the more likely the recommendation will
be strong.

m Equity. Policies that reduce inequities are ranked higher than the ones that do not,
or those that increase inequities. It is important that decisions are fair and impartial
such that no person or population is favoured over another. This also refers to equity
in opportunity, access to resources, or the achieved distribution of societal resources.
This is especially important when the most vulnerable population subgroups requiring
special provisions are considered.

m Acceptability. The more acceptable an option is to the key stakeholders, the more
likely it will be a priority and the recommendation will be strong.

| Feasibility. The more feasible an intervention, the greater its intervention, therefore
the stronger the recommendation.

Understanding the limitations of GRADE's applicability for evidence derived from studies
on environmental health hazards, especially those related to nuclear emergency situa-
tions, the GDG used the available evidence to address the harm, benefits, and feasibil-
ity of ITB administration during a radiation emergency to take a systematic approach
when making recommendations and to make transparent judgments about the factors
affecting the recommendations (see Annex 2). This provided the basis for an overarch-
ing recommendation accompanied by detailed remarks covering key considerations for
implementation. The GDG also identified gaps in knowledge and defined the scope of
further research.

All decisions were reached by consensus. These were further reviewed by the External
Review Group, made up of professionals involved in radiation emergency and public
health response planning and management, as well as representatives of potentially af-
fected stakeholders (see Annex 1). The comments provided were used by GDG and the
Secretariat to further refine and finalize the implementation considerations via online
consultation.

2. METHODS
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3. Recommendation
and public health
recommendations

Recommendation

During a radiological or nuclear emergency, provision of iodine thyroid blocking (ITB) to
people who are at risk of being exposed to radioiodine should be implemented as an ur-
gent protective action, within the frame of a justified and optimized protection strategy.

Quality of evidence: very low
Strength of the recommendation: conditional

The GDG considered that the quality evidence supporting the use of ITB in radiation
emergencies was very low. Indeed, none of the four studies included in the systematic
review directly addressed the effects of ITB administration in case of a nuclear acci-
dent on thyroid cancer, hypothyroidism and benign thyroid nodules. However, despite
the lack of clinical or observational studies of the proposed intervention, the effective-
ness of stable iodine in blocking thyroid uptake of radioactive iodine has been firmly
established in mechanistic and observational studies.

In addition to the quality of evidence, the GDG considered such issues as feasibility
and acceptability of the intervention, the priority of the problem, values and prefer-
ences of the various stakeholders (emergency response planners, policy makers, clini-
cians, and affected populations), balance of benefits and harms, equity and resource
implications of the intervention. The GDG determined that the benefits of the interven-
tion outweigh the disadvantages and costs. The use of ITB, if carefully planned and
administered properly, has a low potential to cause harm. Stable iodine pills are avail-
able at an affordable price and most people would not object to take stable iodine, if
instructed so, in case of a radiation emergency.

Based on these factors (acceptability, feasibility and affordability) coupled with the poten-
tially beneficial effects of preventing thyroid cancer in children and younger adults, who
would be otherwise at risk of exposure to radioactive iodine, the GDG decided to issue a
conditional recommendation in favour of the use of ITB. A conditional recommendation
is one for which the desirable effects of adherence outweigh the undesirable effects,
although the trade-offs are uncertain, as the evidence base for the intervention is weak.
With regard to policy-makers, a conditional recommendation implies that there is a need
for additional research and a broader involvement of stakeholders to ensure the imple-
mentation of such urgent protective action, within the frame of the protection strategy.
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3.1. Public health considerations of ITB implementation

The following key considerations for implementation of this recommendation are based
on evidence of harm, benefits, feasibility and the experience and expertise of the GDG.

Planning and preparedness

ITB should not be considered a stand-alone protective action. A comprehensive public
protection strategy covering all urgent and early protective actions, as well as other
response actions, including evacuation and sheltering, restriction on consuming con-
taminated food, milk and drinking water, should be developed as per the IAEA’s general
safety requirements (22) and its supporting safety guide (23). These international
safety standards and criteria for urgent protective actions and other response actions
should be used as a basis for setting national criteria and developing a national protec-
tion strategy (22).

The comprehensive ITB implementation plan for preparedness and response should
also include arrangements for training of health professionals and emergency workers
on risk communication, to raise public awareness (e.g. provision of leaflets, organizing
campaigns) to avoid unjustified use of ITB and giving false reassurance to the affected
population.

When preparing for a radiological or nuclear emergency, countries sharing a border need
to consider harmonizing national approaches for using ITB. A uniform approach to deal-
ing with any serious radiological emergency situation, particularly in areas near the bor-
ders, will allow for coherent and coordinated protective actions to be implemented (34).

ITB is a protective action that is implemented only in the urgent phase (hours to one day
after the onset of the emergency). Regarding the early phase (days to weeks) the effective
way to limit the ingestion of radioiodine (as shown by the experience of Fukushima) and
the most important method of limiting thyroid doses, especially to children, is to restrict
the consumption of contaminated food, drinking water and fresh milk from grazing cows.

Provisions for ITB implementation need to be carefully reflected upon at the preparedness
stage and should include considerations for: chemical form, packaging, dosage, timing
of administration, stockpiling, distribution, and pre-distribution and identifying relevant
locations (e.g. health care facilities, households, schools, workplaces, and kindergartens).

Chemical form, storage, and packaging

The agent most commonly used for protecting the thyroid from radioactive iodine is
potassium iodide (KI). Although KI is the agent most commonly used, other chemical
forms such as potassium iodate (KIO,) are equally valid, provided that the dosage is
adapted to contain the same amount of iodine. There is no decisive difference in shelf
life between Kl and KIO,. If storage conditions are adequate, tablets packed in a her-
metic packaging and kept in a dry and cool place fully preserve their iodine content
for five years. After five years, the iodine content may be checked and the shelf life
extended, if needed. The shelf life is much more limited if stable iodine is in powder
form or an aqueous solution. Further extension of shelf life is possible, if a formal
protocol on testing such shelf life extensions has been established and validated (35).
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Stable iodine can be given in either double scored tablet or liquid form. Tablets have
the advantage of easy storage and distribution, including pre-distribution. Also, stable
iodine is likely to cause less gastrointestinal irritation if administered in tablet form.
Tablets can be crushed and mixed with fruit juice, jam, milk or similar substance.
Tablets should be stored protected from air, heat, light and moisture. Age-dependent
dosage and contraindications should be on the labelling.

Dosage

Dosage information has remained unchanged since it was published in the 1999 WHO
guidelines (see table 2).

Table 2. Recommended single dosage of stable iodine according to age group (6)

Mass of Mass of Mass of Fraction Fraction
iodine, mg Kl, mg KIO,, mg of a tablet | of a tablet

containing | containing

100 mg 50 mg

of iodine of iodine
Neonates (birth to 1 month) 12.5 16 21 1/8 1/4
Infants (1 month to 3 years) 25 32 42 1/4 1/2
Children (3 to 12 years) 50 65 85 1/2 1
Adults and adolescents (over 12 years) 100 130 170 1 2

Adverse effects of stable iodine

Adverse reactions to stable iodine are rare and include iodine-induced transient hyper-
or hypothyroidism, and allergic reactions (36,37). Reported severe clinically relevant
reactions include: sialadenitis (an inflammation of the saliva gland — however, no cases
of this were reported among users of Kl in Poland after the Chernobyl accident), gas-
trointestinal disturbances and minor rashes. There are some rare but clinically relevant
reactions, e.g. in patients with dermatitis herpetiformis or hypocomplementemic vascu-
litis. Risk groups for such reactions include those with pre-existing thyroid disorders and
iodine hypersensitivity (38,39). In case of hypersensitivity to iodine, use of potassium
perchlorate can be considered to supress iodine uptake by the thyroid gland during the
time of potential exposure (40). The use of additives, such as colourants, should be
avoided as far as possible since they may cause adverse effects (e.g. allergies).

Timing of administration

The optimal period of administration of stable iodine is less than 24 hours prior to, and
up to two hours after, the expected onset of exposure (14) (36). It would still be reason-
able to administer ITB up to eight hours after the estimated onset of exposure (41). Com-
mencing ITB later than 24 hours following the exposure may do more harm than benefit
(by prolonging the biological half-life of radioactive iodine that has already accumulated
in the thyroid). A single administration of stable iodine is usually sufficient. However, in
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the case of prolonged (beyond 24 hours) or repeated exposure, unavoidable ingestion of
contaminated food and drinking water, and where evacuation is not feasible, repeated
administration of stable may be necessary (36). Neonates, pregnant and breastfeeding
women and older adults (over 60 years), should not receive repeated ITB.

Pre-distribution and distribution

As there is only limited time for implementation of ITB, prompt availability of the tablets
to individuals has to be ensured if these are to be most effective. In the vicinity of nucle-
ar reactors, pre-distribution of stable iodine to households should be considered, taking
into account plans for evacuation and sheltering. Provisions for storing stable iodine in
places that can be controlled by the responsible authorities should also be made. Clear
instructions should be issued with the tablets, and public awareness of the procedures
should be monitored on a regular basis.

In areas further away from the sites of release there is likely to be more time available
for decision-making. If pre-distribution to households is not considered feasible, stocks
of stable iodine should be stored strategically at, for example, schools, hospitals, phar-
macies, fire stations, police stations and civil defence centres. Widespread storage may
be warranted at considerable distances from the potential accident site. Storage should
preferably be at places where proper stock control is standard practice. Planning should
consider the use of redundant distribution areas to minimize delays in implementing
ITB. Due consideration should also be given to whether the benefits of stable iodine
distribution outweigh the disadvantages associated with any additional exposure of re-
sponsible emergency personnel.

Medical personnel likely to be consulted by the public should be provided with more
detailed information. As a part of preparedness, people pre-distributing stable iodine
should be trained and provided with information materials to ensure availability of pro-
fessional advice to potentially affected individuals. For example, pharmacists dispensing
stable iodine tablets should be able to answer questions, explain the purpose, benefits
and appropriate use of stable iodine. It should be explained that stable iodine should not
be considered by general public as a universal radiation antidote.

National authorities are advised that, because of the benefits of ITB and the generally
minimal risks of side effects, voluntary purchase of iodine tablets by the general public
should be allowed. However, within the framework of the overall radiation emergency
plan, the responsibility for distribution of stable iodine and instructing the public on how
to use it should be clearly assigned to the appropriate authorities.

National policies on stable iodine stockpiling, pre-distribution and distribution methods
vary (42-46) and harmonization of policies across borders remains a challenge.

Special consideration groups of the population

B The groups most likely to benefit from ITB are children, adolescents, pregnant and
breastfeeding women (15,36), whereas individuals over 40 years of age are less likely
to benefit from ITB.

m Should the supply of stable iodine be limited, priority should be given to the children
and younger adults.
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m Neonates and people older than 60 years are at higher risk of adverse health effects if
they receive repeated doses of stable iodine (36,37).

m People living in iodine deficient areas are more likely to be affected by exposure to
radioactive iodine (13,45). In such places, national or regional programmes targeting
iodine deficiency should be considered (47).

m Individuals at risk of exposure to high doses of radioactive iodine (e.g. emergency
workers involved in rescue or clean-up operations) are likely to benefit from ITB irre-
spective of their age and should be given priority.

Studies of the Chernobyl accident have found no association between thyroid tumours
and radioactive iodine in adults. Therefore, individuals over 40 years of age are less likely
to benefit from ITB. Should the supply of stable iodine be limited, priority should be
given to children and younger adults (I15). Note that even though some studies of atomic
bomb survivors reported an indication of increased risk for thyroid cancer in people over
40 years of age, the exposure was external, and the risk estimates were not statistically
significant (2).

3.2. Research priorities

The GDG experts identified the following research priorities in relation to the use of ITB
during radiological and nuclear emergencies:

B Radioiodine biokinetics can be further studied in thyroid patients diagnosed or treated
with radioisotopes of iodine. However desirable, randomized controlled studies on the
effects of ITB in such patients are not ethical, hence studies are limited to observa-
tional.

B More data are needed on the dosage, optimal timing and regimens for multiple ad-
ministrations of stable iodine in case of repeated or protracted releases of radioactive
iodine and the adverse health effects of stable iodine administration. Studies in pri-
mates could be helpful for these purposes.

B Research on feasibility, acceptability and overall effect of use of ITB on psychosocial
outcomes of radiation emergencies is needed.

m Detailed analysis of existing national practices for stable iodine pre-distribution and
use is required in order to ensure a uniform way of dealing with any serious radiologi-
cal emergency situation, regardless of national border line, hence allowing for coher-
ent and coordinated protective actions.
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4. Dissemination
and implementation

4.1. Dissemination

These guidelines are available on the WHO website (http://www.who.int/ionizing
radiation/a_e/en/) and distributed by WHO regional and country offices, WHO Collabo-
rating centres, as well as member institutions of the WHO’s Radiation Emergency Med-
ical Preparedness and Assistance Network (REMPAN). It is also shared with relevant
international organizations, NGOs, professional associations, and other stakeholders.

Recommendations, implementation considerations and research priorities will be dis-
seminated through presentations at professional societies and associations meetings
and conferences.

Development of derivative products (e.g. check lists, protocols, frequently asked ques-
tions, infographics) will be considered along with the use of online interactive tools and
open online training courses.

4.2. Implementation monitoring

A survey of national stable iodine policies was conducted in 2016 to monitor the
implementation of the new recommendations on ITB. The findings of the survey form a
baseline against which the implementation may be measured in the future.

4.3. Review-hy date

These guidelines should be reviewed ten years from publication, unless a major inci-
dent or significant new evidence prompts the need for an earlier revision.
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Annex 2. Evidence-to-
recommendation framework

Should stable iodine be administered versus not administered to people exposed to radioiodine release in the
environment in the setting of radiological or nuclear emergency?

Population: people exposed
to radioiodine release in the
environment

Intervention: stable iodine
administration

Comparison: no stable iodine
administration

Setting: radiological or nuclear
emergency

Perspective: public health

Background: Oral administration of stable iodine is considered an
appropriate strategy for reducing the risk of adverse health outcomes in
people exposed to an accidental release of radioactive iodine. (AI)

The thyroid gland uses iodine to produce metabolically active hormones and
does not differentiate between radioactive and stable iodine. (A2)

Hence after a nuclear accident, if radioactive iodine is inhaled or ingested,
it will be taken up selectively by the thyroid gland. If stable iodine is
administered before or at the beginning of the exposure to radioactive
iodine, the uptake of radioactive iodine is blocked by saturation of the
thyroid gland with stable iodine, thus effectively reducing internal exposure
of the thyroid.

Subgroup considerations: children and adolescents O to 18 years, pregnant or breast-feeding women, older adults
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O No
O Probably No

Is the problem a
priority?

Is there important

uncertainty or
variability about
how much people
value the main
outcomes?

O Uncertain
[ Probably Yes

[ Varies

O Important
uncertainty or
variability

X1 Possibly
important
uncertainty or
variability

O Probably no
important
uncertainty or
variability

O No important
uncertainty or
variability

O No known

undesirable
outcomes

34 /I0DINE THYROID BLOCKING

B Paediatric thyroid cancer has a low
background incidence rate, it is a rare
disease

B Strong association was reported
between exposure to radiodine and
increased risk of thyroid cancer for
persons exposed between the age of O
and 18 years. (A3-A5)

B Range of risk estimates is quite
broad, with the indication of the
increase starting from the exposure
level of 50 millisievert (mSv) of
thyroid dose among those between
the age of 0 and 18 years at the time
of exposure. (A6,A7)

B The thyroid iodine- 131 (I-131)
absorbed dose is two-fold higher in
regions with insufficient levels of
dietary iodine. (A8)

| Despite a good response of thyroid
cancer to clinical management
(surgery followed by radioiodine
therapy and hormone-replacement
therapy) the reduced quality of life
after a long time of follow-up. (A9)

The relative importance or values of
the main outcomes of interest:

Outcome Relative Variability
importance
Thyroid cancer Critical for -
younger
population
Hypothyroidism Not important -
for general
population
Auto-immune Not important -
thyroiditis
Thyroidal adverse Important May be more
effects of stable for neonates, relevant in
iodine brestfeeding settings with

mothers and
older population

iodine deficiency

Not important, -
very rare

Non-thyroidal
adverse effects
of stable iodine

Public perception of
childhood thyroid cancer
and nuclear accidents

was formed due to
Chernobyl experience and
later on by Fukushima
experience. The issue of
Fukushima’s childhood
thyroid cancer is very high
on the agenda currently.
The key interventions to
prevent this are restrictions
on consuming food

and drinking water and
administration of stable
iodine. However, this
measure has never been
properly implemented in the
very few nuclear accidents
that have occurred.
Therefore, the direct
evidence of stable iodine’s
efficient application in the
setting of nuclear emergency
does not exist. Hence the
urgent need to address ITB
issue and to produce an
authoritative guidance.

B The judgement was
that there is possibly
important variability for
overall risk but maybe
not for thyroid cancer
specifically.

| Values may relate
to whether the local
population is benefiting
from a nuclear energy
source, which may make
the population perception
less negative and more
accepting regarding
potential risks.
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What is the overall
confidence in
effect estimates
(quality of
evidenece) ?

How substantial are

the benefits?

How substantial are

the harms?

Do the benefits
outweigh the
harms?

How large are
the resource
requirements?

X Very low
O Low

[ Moderate
O High

[ Don't know

O Not important
O Somewhat
important

X] Moderately
important

[ Very important

[ Varies
[ Don't know

O Very important

O Moderately
important

X Somewhat
important

O Not important

[ Varies

O No

[ Probably No
[ Uncertain

[ Probably Yes
X Yes

[ Varies

O Large costs
[X] Moderate costs
[ Small

[ Moderate
savings

O Large savings

[ Varies/Uncertain m

B Chernobyl thyroid cancer incidence

among persons < 18 years with history
of stable iodine intake around time of
accident: 66/100,000 person-years;
no intake 96/100,000. (A5)

Absolute effect of stable iodine intake
based on data from Brenner et al.
among 100,000 individuals aged
between O and 18 years receiving
potassium iodide (KI), 30 less people
will develop thyroid cancer. Note that
the benefit is likely to be greater if
sufficient dose of Kl is administered,
resulting in almost complete blockage
of radioactive iodine uptake. (A5)

No high quality evidence. Polish
data on transient functional changes
(TSH increase) in 0.37% of neonates
received Kl or lughole solution 0.2%
of extra-thyroid effects in adults
(A10).

Transient thyroid function effects in
TEPCO workers. (A11)

Data on the effect of timing of stable
iodine administration is available in
some reports. (A12)

Older adults and persons with
pre-existing thyroid diseases are
more likely to be harmed by ITB.
(A13,A14)

There is limited evidence available
on the estimated costs of ITB
implementation in actual nuclear
emergencies, as past experience is
very limited. The issue was to some
degree addressed in certain national
reports. However, this does not allow
for definitive conclusions. (A15,A16)

Some earlier reports indicated that
required resources for implementing
ITB are low. (AI7) However, this will
depend on each country’s specific
situation and risk profile (e.g. number
of nuclear power plants, population
size and density, etc.).

Children and adolescents,
pregnant and breast-
feeding women are most
likely to benefit from
iodine thyroid blocking
(ITB).

Benefit will be higher in
settings with nutritional
iodine deficiency.

Older adults are less likely
to benefit from ITB

Out of nine voting
members of guideline
development group
(GDGQ), five voted

very important, four —
moderately important,
keeping in mind that
the issue is moderately
important from societal
and public health
perspectives but could
be very important from
individual and clinical
perspectives.

Resources required
include: stable iodine
stockpile acquisition,
management, disposal
and renewal, storage,
awareness-raising among
the public and health care
providers, communication
campaigns, logistics

of distribution/pre-
distribution.

Saved costs would be
related to the burden
caused by management of
thyroid cancer.
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How large is the
incremental cost
relative to the net
benefit?

What would be the
impact on health
inequities?

Is the option
acceptable

to key
stakeholders?

O Large costs
Moderate costs
[ Small

[ Moderate
savings

O Large savings

[ varies/
Uncertain

[ Increased

[ Probably
increased

[ Uncertain

[XI Probably
reduced

[ Reduced

[ Varies

O No

[ Probably No
O Uncertain
[X] Probably Yes
O Yes

[ varies
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B Given the long-lasting health

consequences of nuclear
emergencies, health surveillance and
treatment programmes are critical for
management of health conditions,
and emergency preparedness plans
are needed to prevent or minimize the
impact of future threats.

An overview of probabilistic risk for
core melt/severe reactor accident
included data from the United States
of America, Japan, France, Germany,
etc. and demonstrated a low risk of
such events. (A18,A19)

A study from Germany, which
followed a different approach to

this issue by looking at the risk of
exposure to radioactive fallout rather
than the risk of nuclear accident to
occur, resulted in higher estimates of
a probability. (A20)

No actual evidence was identified.

No evidence was identified in peer
reviewed literature.

Public consultations and ITB
campaigns have been reported, e.g. in
Western Germany, there was a public
discussion last year (2016) leading to
official claims for pre-distribution of
potassium iodine tablets even though
the Belgian nuclear power plant is in
the far vicinity.

B Here judgement applies

to the stockpiling of
stable iodine, rather than
administering it, as latter
requires ensuring that a
stockpile is in place.

Considering risk of a
severe nuclear accident
(5in 100,000 reactor-
years), the cost-
effectiveness of ITB
maybe low.

From a health policy-
maker’s perspective, ITB
cost-effectiveness may be
higher, since the actual
cost of stable iodine
tablets is low, whereas
the benefit of preventing
thyroid cancer in children
will be high.

The issue relates to pre-
distribution choice, which
varies from country to
country. Pre-distribution
is not explicitly included
in the scope of this
guideline, however,
having comprehensive
national programmes on
emergency preparedness
and response (EPR)
planning would lead to
increased equity.

The acceptability will
vary depending on the
stakeholder.

Stakeholders are: policy
makers, emergency
response agencies,
general public, health
care professionals,
nuclear operators,
nuclear safety authorities,
radiation protection
authorities, researchers
and academia,

stable iodine tablet
manufacturers, risk
communicators, etc.
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Is the option
feasible to
implement?

O No

O Probably No
O Uncertain

[X] Probably Yes
O Yes

[ Varies

m Aside from the evidence from Poland

on ITB implementation (A10), there
is no documented use of stable
iodine in case of an actual nuclear
or radiological emergency in the peer
reviewed literature.

In Fukushima, ITB was not broadly
implemented due to the post-
disaster conditions, interrupted
communication channels, and
confusion with regard to practical
implementation issues.

TEPCO workers involved in clean

up and restoration works at the
Fukushima Daiichi nuclear power
plant, were reported to be over using
Kl pills, taking up to 80 pills. (A11)
Aside from transient changes in
thyroid function no side effects of Kl
overdose were reported.

National policies on the use of
stable iodine in nuclear emergency
situations have been put in place in
many countries. (A21)

B In general, ITB is feasible

in most cases as stable
iodine tablets usually
are easy available. In
addition, it has a low
cost and a long shelf
life. In many countries,
national ITB policies
and arrangements are
already established as a
part of the national EPR
planning.

However, harmonization
of national policies on
Kl cross-border, issues
of stockpiling, extending
shelf life, distribution
and pre-distribution, still
represent a challenge in
some cases.

Type of recommendation

We recommend We suggest not to We suggest using We suggest We recommend
against the ITB or use the ITB or either the ITB or the using the ITB the use of ITB
for the alternative to use the alternative alternative

O O O X O

Recommendation

The panel suggests that during a radiological or nuclear emergency, provision of ITB to
people who are at risk of being exposed to a radioiodine should be implemented as an ur-
gent protective action (conditional recommendation based on very low quality evidence).

Key considerations:

B The panel is aware of the fact, that randomized clinical trials (RCT) on the efficiency
(with respect to prevention of thyroid cancer) and side effects of ITB in the case of a
nuclear emergency are not feasible. This leads to a low or very low quality of evidence
according to the Grading of Recommendations, Assessment, Development and Evalu-
ation (GRADE) system.

m |TB should be implemented as a component of comprehensive public health approach
in combination with other protection actions (evacuation and sheltering, restriction in
consumption of contaminated food and drinking water). ITB should not be considered
as a single alternative.
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m Provisions for ITB implementation need to be carefully considered at the planning
stage (see implementation considerations below).

m Optimal timing of administration starts 24 hours prior to and up to two hours after the
expected onset of exposure. It would still be reasonable to administer ITB up to eight
hours after the estimated onset of exposure.

m Starting ITB later than 24 hours following the exposure may cause more harm then
benefit (by prolonging the biological half-life of radioactive iodine in the thyroid).

m Single stable iodine administration is typically sufficient. However, in the case of
prolonged (beyond 24 hours) or repeated exposure, and unavoidable ingestion of con-
taminated food and water, and when evacuation is not feasible, consider repeated
administration of stable iodine. Neonates and older adults (over 60 years) should not
receive repeated stable iodine administration.

Justification

m There is well-documented evidence from various sources (epidemiological, experimen-
tal, pathophysiological, clinical, etc.) pointing to more benefits than harm of ITB
and serving as reliable surrogates for outcome studies related to prevention of thyroid
cancer.

B In addition, there is a positive cost-benefit association, as the resources required for an
acquisition of stable iodine tablets and maintaining the stockpile are in general moder-
ate, whereas preventing thyroid cancer in children outweighs the resources factor.

m Despite the fact that the evidence quality was graded as low and very low, based on
a very limited number of relevant publications (four papers), the GDG panel decided
to use the phrase “should be implemented” due to the fact that this urgent protec-
tive action is included in the key intervention during response to a nuclear accident,
as reflected in the international safety standards co-sponsored by the World Health
Organization (WHO). In addition, the combination of a moderate cost of the interven-
tion with high potential impact, supports the GDG decision to use more affirmative
wording, such as “should be implemented”.

Subgroup considerations

m Individuals most likely to benefit include children, adolescents, pregnant and breast-
feeding women, and people living in iodine deficient areas.

B Individuals older than 40 years are less likely to benefit from ITB.
m Neonates and older adults are at higher risk of adverse health effects of stable iodine.

m Individuals exposed to higher dose (e.g. emergency workers) are likely to benefit from
ITB irrespective of age.

Implementation considerations

m Develop a comprehensive ITB implementation plan including considerations for:
chemical form, packaging, stockpiling, distribution and pre-distribution and identify-
ing relevant locations (e.g. health care facilities, households, schools, workplaces and
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kindergartens). For example, the International Atomic Energy Agency (IAEA) safety
standards/requirements for pre-distribution planning zones (General Safety Require-
ments Part 7, for Table |l 1 and 2) (A22).

m Kl administration plan should include risk communication, training of health profes-
sionals and emergency responders and awareness-raising with the public (e.g. provi-
sion of leaflets).

m |n the context of pre-distribution of KI, consider making individual professional ad-
vice, e.g. a pharmacist dispensing Kl would provide specific advice, available to the
public.

W There is a strong need to harmonize national approaches to ITB cross-border.

m WHO publications on iodine deficiency management provide basis for national policies
development for management of iodine deficiency.

B Adequate education and risk communication to accompany ITB to avoid unjustified
and improper use of stable iodine as well as giving false reassurance of its use.

Monitoring and evaluation considerations

m To enable WHO to monitor the implementation of the new recommendations on ITB,
a survey of national stable iodine policies was conducted in August—November 2016.
The findings of the survey formed a baseline against which the implementation will be
measured in future. The survey report will be published this year (2017).

Research priorities

B Radioiodine biokinetics can be further studied in thyroid patients diagnosed or treated
with radioisotopes of iodine. However desirable, randomized controlled studies on the
effects of ITB in such patients are not ethical for obvious reasons, hence studies must
be observational.

B More data is needed on the dosage, optimal timing and regimens for multiple adminis-
trations of stable iodine in case of repeated or protracted releases of radioactive iodine
and the adverse health effects of stable iodine administration. Studies in primates
could be helpful for these purposes.

B Research on feasibility, acceptability and overall effect of use of ITB on psychosocial
outcomes (i.e. the role of community resilience) of radiation emergencies is needed.

m Detailed analysis of existing national practices for stable iodine pre-distribution and
use is required.
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Glossary

Accident

Any unintended event, including operating errors, equipment failures and other mishaps,
the potential consequences of which are not negligible from the point of view of protec-
tion or safety and that may lead to significant consequences to people, the environment
or the facility.

Affected population

A population that has suffered the direct effects of a disaster (deaths, injuries, material
losses, evacuation) and was in the affected geographical area at the time of the accident.
The affected population also includes those who suffer the indirect effects of a disaster
(i.e. social, economic, psychological impacts, etc.).

Dosage
Schedule for administration of a pharmaceutical compound (e.g. potassium iodide) in a
prescribed amount.

Emergency

A non-routine situation or event that necessitates prompt action, primarily to mitigate
a hazard or adverse consequences for human life, health, property or the environment.
This includes:

B nuclear and radiological emergencies and conventional emergencies such as fires,
releases of hazardous chemicals, storms or earthquakes; and

| situations for which prompt action is warranted to mitigate the effects of a perceived
hazard.

Nuclear emergency

An emergency in which there is, or is perceived to be, a hazard due to the exposure
to ionizing radiation resulting from a nuclear chain reaction or from the decay of the
products of a chain reaction.

Radiological emergency

An emergency in which there is an actual or potential exposure to ionizing radia-
tion, either accidental or deliberate, not resulting from a nuclear chain reaction, nor
the decay of the products of a chain reaction. Radiological accident examples may
include a lost radioactive source, transport accident, or over-exposure in a medical,
research or industrial facility as a result of inappropriate use of radioactive sources or
exposure generating devices (e.g. linear accelerators in radiotherapy).

In this document, for the sake of brevity, the term radiological or nuclear emergency is
replaced by radiation emergency, which encompasses both types, regardless of the origin
and scenario.
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Emergency plan

A description of the objectives, policy and concept of operations for the response to an
emergency and of the structure, authorities and responsibilities for a systematic, coor-
dinated and effective response. The emergency plan serves as the basis for the develop-
ment of other plans, procedures and checklists.

Emergency preparedness
The capability to take actions that will effectively mitigate the consequences of an emer-
gency for human life, health, property and the environment.

Emergency response

An action taken in response to a nuclear or radiological emergency to mitigate the conse-
quences for human life, health, property and the environment. Emergency response ac-
tions comprise of protective actions and other response actions. Other response actions
include, for example, medical examination, consultation and treatment; registration and
longer term medical follow-up; providing psychological support; and public information
and other actions for mitigating non-radiological consequences and for public reassur-
ance.

Formulation
The composition, both in terms of chemical form and quantity, of a pharmaceutical prod-
uct (e.g. the exact quantity of potassium iodide in milligrams in a tablet).

lodine deficiency

lodine deficiency is the lack of iodine in the diet. It is the world’s most prevalent, yet
easily preventable, cause of brain damage in children. lodine deficiency disorders, which
can start before birth, jeopardize children’s mental health and often their very survival.
Serious iodine deficiency during pregnancy can result in stillbirth, spontaneous abortion,
and congenital abnormalities such as cretinism, a grave, irreversible form of mental re-
tardation that affects people living in iodine-deficient areas of Africa and Asia. However,
of far greater significance is iodine deficiency disorders’ less visible, yet pervasive, men-
tal impairment that reduces intellectual capacity at home, in school and at work.

lodine thyroid blocking

An urgent protective action involving administration of stable iodine in case of a radio-
logical emergency or nuclear accident under the following conditions: (a) if exposure due
to radioactive iodine is involved, (b) before or shortly after a release of radioactive iodine,
and (c) within only a short period before or after the intake of radioactive iodine.

Hyperthyroidism

A clinical condition resulting from the excessive functional activity of the thyroid gland
and a consequent effect of the excess thyroid hormone on tissues. Also known as thyro-
toxicosis, the term is often used for the condition caused by the excessive production of
the thyroid hormone.

Hypothyroidism

A syndrome that results from abnormally low secretion of thyroid hormones from the thy-
roid gland, leading to a decrease in basal metabolic rate. In its most severe form, there
is accumulation of mucopolysaccharides in the skin and oedema, known as myxedema.
Hypothyroidism in foetuses and new-borns may lead to mental retardation.

GLOSSARY
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Pre-distribution

Distribution and supervised storage of a specific product or an item at households or at
local public centres in the target planning zones. This can include households, police
stations, hospitals, pharmacies, schools, kindergartens, fire stations and other locations,
from where distribution to individuals can be made at short notice. Pre-distribution as
an action is accompanied by a formal protocol for storing, retrieving, distributing and
replenishing the stock and training of the responsible personnel.

Protective action
An action for the purposes of avoiding or reducing radiation doses that might otherwise
be received in an emergency exposure situation or an existing exposure situation.

Urgent protective action

A protective action in the event of a nuclear or radiological emergency, which must
be taken promptly (usually within hours to a day) in order to be effective, and the
effectiveness of which will be markedly reduced if it is delayed.

m Urgent protective actions include iodine thyroid blocking, evacuation, short term
sheltering, actions to reduce inadvertent ingestion, decontamination of individuals
and prevention of ingestion of food, milk or drinking water possibly with contamina-
tion.

m A precautionary urgent protective action is an urgent protective action taken before
or shortly after a release of radioactive material, or an exposure, on the basis of the
prevailing conditions to avoid or to minimize severe deterministic effects.

Early protective action
A protective action in the event of a nuclear or radiological emergency that can be
implemented within days to weeks and still be effective.

B The most common early protective actions are relocation and longer term restriction
of the consumption of food potentially affected by contamination.

Radioiodine

Any of nine short-lived man-made artificial radioisotopes of iodine. lodine-131 and io-
dine-125 are the most significant ones. Radioiodine is used as radioactive tracers in
research and clinical diagnosis in nuclear medicine for diagnostic tests as well as in
radiotherapy for hyperactive thyroid gland (hyperthyroidism).

Stable iodine

Stable iodine or non-radioactive iodine, is an essential nutrient that humans need and
get through intake of food. lodine is essential for the thyroid gland to function properly
and produce thyroid hormones.

Thyroid

The thyroid gland, or simply thyroid, is an endocrine gland located at the front of the
neck. The thyroid secretes thyroid hormones, which primarily influence the metabolic
rate and protein synthesis. The thyroid hormones triiodothyronine (T3) and thyroxine (T4)
are created from iodine and tyrosine. The thyroid also produces the hormone calcitonin,
which plays a role in calcium homeostasis. These hormones guide some of the body’s
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essential functions, such as growth, physical development, control of heart rate, blood
pressure, body temperature, and blood pressure.

Thyroid cancer

A relatively uncommon type of cancer, that forms in the thyroid. Cancer starts when cells
in the thyroid begin to grow out of control invading surrounding tissue, blood or lymph
vessels with the potential to form metastases. Four main types of thyroid cancer are pap-
illary, follicular, medullary, and anaplastic thyroid cancer.

Thyroid nodule

Thyroid nodules are solid or fluid-filled lumps that form within the thyroid. The great
majority of thyroid nodules do not cause symptoms and are never diagnosed. Unless
larger than a certain size, thyroid nodules are not considered a serious condition requir-
ing medical intervention. Thyroid cancer accounts for a very small percentage of thyroid
nodules.

Vulnerable population groups
Population groups for whom special arrangements are necessary in order for effective
protective actions to be taken in the event of a nuclear or radiological emergency:
a) people who are specifically sensitive to radiation exposure (e.g. children, preg-
nant or lactating women);
b) people who may have difficulties to get direct access to ITB (e.g. hospitalized pa-
tients, school children, out-of-town visitors and tourists, among others);
c) people with limited mobility and institutionalized persons (e.g. persons with dis-
abilities, residents of retirement houses, hospices, among others).
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