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Preface

This handbook issued by the German Commission on Radiological Protection (Strahlen-
schutzkommission — SSK) combines two earlier publications, Volume 4 “Medical procedures
in the event of nuclear power plant accidents” (SSK 2006a) and Volume 32 “The radiation
accident” (SSK 2006b) and represents the current state of knowledge. Volumes 4 and 32 were
last updated in 2006 and were published in the original German after editorial adjustments in
2007 and 2008 respectively. The revision presented in this handbook takes account of the
provisions of the new Radiation Protection Act as well as the emergency scenarios for which
the federal government and the federal states (L&nder) are making preparations. This document
is thus also intended to serve as an operational guideline.

In its recommendations “Medical capacities required to care for the public in the event of a
radiological or nuclear emergency” (SSK 2017b) and “Medical capacities required to provide
medical support and care to the population in case of a radiological or nuclear emergency -
training certification” (SSK 2017a, 2017b), the SSK considers structured and certified training
and continuing education to be essential. This applies to the deployed personnel and the medical
emergency experts called in as the need arises. Against this background, this handbook can
serve the purpose of a necessary and up-to-date knowledge base. The federal government and
the Lander can also draw on these foundations and integrate them into their emergency plans.
The recommendation is also intended to pool the knowledge base for everyone working in the
field of radiological emergency preparedness and response.

The working group of the Committee on Emergency Preparedness and Response that was
charged with the preparation of this handbook by the Commission on Radiological Protection
consisted of:

— Dr. Natascha Behrens, Biblis

—  Prof. Dr. Wolfgang Burchert, Bad Oeynhausen
— Dipl.-Phys. Franz Fehringer, KoIn

— Thomas Heise, Kiel

—  Dr. Werner Kirchinger, Neuherberg

— Dipl.-Phys. Jirgen Kopp, Augsburg

—  Patrick Meschenmoser M.A., Wien

—  Prof. Dr. Wolfgang-Ulrich Miller, Essen

—  Prof. Dr. Matthias Port, Miinchen

— Dipl.-Ing. Stefan Prufmann, Leopoldshafen
—  Prof. Dr. Christoph Reiners, Wiirzburg

— Dr. Rita Schneider, Wirzburg

The working group was supported by the representatives of the Federal Office for Radiation
Protection (BfS), Dr. Cornelius Bartels and Dipl.-Phys. Oliver Meisenberg.

Dr. Werner Kirchinger Prof. Dr. Matthias Port Prof. Dr. Werner Rihm
Chairman of the working group Chairman of the SSK Chairman of the
“Revision of volumes 4 and 32 of Committee on Emergency Commission on

SSK publications” Preparedness and Response Radiological Protection
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1 Introduction
1.1 Background

Radiation accidents® resulting in individuals needing medical care are rare, especially accidents
where large numbers of people are affected. However, the nuclear power plant accidents at
Chornobyl and Fukushima have illustrated that catastrophic incidents can occur where many
people need medical assistance. The Chornobyl nuclear power plant accident is a particular case
in point where, during the acute phase, specific medical procedures were required for which
there had not been sufficient preparation. In Germany such a scenario is unlikely because the
operation of nuclear power plants across Germany is due to cease as of the end of 2022.
However, shutting down Germany’s nuclear power plants does not completely preclude the risk
of nuclear accidents. Thus, until the highly radioactive fuel elements have been transferred to
on-site intermediate storage facilities serious accidents remain a possibility. The ensuing
decommissioning phase, which lasts for decades, carries a risk of accidents involving external
or internal contamination of staff on site. Furthermore, neighbouring countries operate nuclear
power plants that are situated less than 100 km from the German border. Following the phasing
out of nuclear energy, the focus of prevention will turn to other scenarios, in particular the
prevention of criminal or terrorist acts and of transport accidents, whether over land or on
waterways.

The development of protection strategies in the event of the deployment of nuclear weapons
was not part of the consulting assignment but has unexpectedly become very important due to
the current situation. In 2022 the Commission on Radiological Protection set up a separate
working group to prepare a specific recommendation on this subject.

Nonetheless, the procedures and principles detailed in this handbook can also be followed and
adopted in a scenario involving the deployment of a nuclear weapon. This applies to treating
patients during incidents with mass casualties, for example, or to decontamination procedures.

Volume 4 of the SSK publications, one of the precursors of this handbook, focused on accidents
in nuclear power plants leading to the release of huge amounts of radioactivity. Although we
know from experience that accidents affecting considerably smaller numbers of people are not
common, they do occur from time to time. Volume 32 of the SSK publications addressed
accidental increased radiation exposure affecting only a few people, which can be counteracted
by taking specific individual measures (e.g. radiological accidents when using radiation sources
during materials testing). The objective of this handbook is to detail the essential basic
knowledge relating to the radiological scenarios described in the General Emergency Response
Plan of the Federation (Allgemeiner Notfallplan des Bundes — ANoPI) and for the management
of which preparatory measures can be taken. Accordingly, the handbook provides an overview
of accident and emergency situations affecting different numbers of people, from a handful to
very many. The overexposure of patients in clinical settings is not addressed in this handbook.

1.2 Target group and objective

This handbook is intended for doctors — hereinafter referred to as radiation emergency
physicians — and other field staff with training in radiological emergency preparedness and

L This document uses the term medical emergency/accident where an event has a significant impact on
the health of affected people.
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response who are needed to manage radiation emergencies (SSK 2017b). The content is based
on the assumption that the SSK proposals have been fully implemented, which is not the case
at the time of writing this handbook.

Radiation emergency physicians are recruited from various medical specialties, such as
emergency medicine and intensive care, radiotherapy, nuclear medicine, haematology, and
dermatology, supplemented by authorised physicians. These physicians work in teams
reinforced by expert staff from emergency and paramedic services, technicians, and medical
assistants. Emergency preparedness and response also requires personnel with expertise in
crisis aid, pastoral support, psychology, psychotherapy, and psychiatry to provide psychosocial
support for affected individuals and field staff.

This handbook also serves as a manual providing guidelines for surgical personnel during the
acute accident situation. To this end, decision criteria and summary chapters that are relevant
to the deployment situation are highlighted in print.

1.3 Scope

In the following, we examine events that can impact the health of individuals as well as large
numbers of people due to suspected or actual exposure to radiation.

German radiation protection laws differentiate between (radiological) emergencies (Section
5(26) German Radiation Protection Act (StrlISchG)) and significant incidents (Section 1(22)
German Radiation Protection Ordinance (StrlSchV)). Nuclear accidents (e.g. an accident in a
nuclear installation) are a subcategory of radiological emergencies.

Nuclear emergencies are defined as incidents in which the risk specifically originates from
nuclear fuels and/or the effects of a nuclear chain reaction (according to BBK 2011a, IAEA
2019). Nuclear emergency scenarios can occur, for example, in nuclear installations and
research reactors or when an improvised nuclear device (IND) is deployed (Donnelly et al.
2007, IRFC 2015).

Radiological emergencies are incidents caused by all other radioactive substances or radiation
sources (BBK 2011b, IAEA 2019). Radiological emergencies can occur, for example, in
connection with radiation sources used in medical or industrial settings (e.g. X-ray equipment,
linear accelerators, radiation sources used for materials testing), the transport of radioactive
substances, orphan sources or terrorist activities (Donnelly et al. 2007, IRFC 2015).

This handbook applies to both radiological and nuclear emergencies. In international use, the
terms “radiological” and “nuclear” are not always unequivocally defined (IAEA 2019). This
handbook uses the term “radiological” to cover the entire spectrum of different but still similar
risks (IRFC 2015) and in cases where the explicit differentiation between the terms
“radiological” and “nuclear” is irrelevant (IAEA 2019).

The handbook does not address situations described as a state of defence or tension.

According to the Basic Radiological Principles for Decisions on Measures for the Protection of
the Population against Incidents involving Releases of Radionuclides (SSK 2014a), four phases
of accidents can be distinguished:
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1) the pre-release phase,
2) the release phase,

3) the transition phase,

4) the post-accident phase.

This handbook explicitly addresses the pre-release phase and the release phase (urgency
phases), a period of time lasting for a number of hours or days during which medical emergency
measures may be urgently required. However, there may also be a need for medical and
psychosocial measures during the transition phase and the post-accident phase.

The handbook points out necessary preventive measures during the first phase (for instance, in
relation to preparations for the use of radiation detection devices and personal protective
equipment, hospital response planning, and emergency care centres) and also important
aftercare measures during the third phase, such as caring for patients with post-traumatic stress
disorder or the long-term medical supervision of exposed patients.

1.4 Structure

The handbook is divided into three main sections, headed A - Basic principles, B - Medical and
psychosocial care, and C - Organisational and technical aspects. Numerous diagrams, photo-
graphs, and tables illustrate the often complex subject matter. In addition, instructions that are
particularly relevant to practical application are highlighted within the text in the form of easy-
to-remember phrases.

Part A Basic principles begins with an introductory description of the various kinds of external
or internal exposure to radiation arising from emergency situations. This is followed by an
overview of potential accident and emergency scenarios resulting from the use of radioactive
or ionising substances in various areas, including estimations of the number of affected
individuals and the capacities needed for their treatment and care. This chapter is especially
relevant for implementing the instructions detailed in part B and concludes the introductory
text.

The following extensive chapter includes brief outlines of radiation physics and radiation
biology and focuses on a succinct and comprehensible description of topics vital for self-
protection and the treatment of and care for patients after acute radiation exposure. The sections
on physical principles, for example, cover the different types of radiation and their attenuation
and range, as well as the various terms relating to dosage. In the sections on biological
principles, the differentiation between deterministic? and stochastic radiation effects, as well as
threshold doses for deterministic effects, are especially relevant to the treatment of patients after
acute radiation exposure.

Part B Medical and psychosocial care begins with a chapter on pre-clinical measures at the
site of the radiation emergency, followed by comprehensive chapters on decontamination
measures and decorporation therapy. The most extensive chapter in this handbook describes the
clinical course of acute and chronic radiation damage and the necessary medical interventions.
A key factor here is clinical dosimetry, which is used to establish a prognosis of how the illness
will progress. Experience of the accidents at the Chornobyl and Fukushima nuclear power

The IRCP also uses the term “tissue reaction” for damage to cell populations characterised by effects
of a threshold dose and an increase in the severity of effects with increasing dosage (first mentioned
in ICRP publication 103 (ICRP 2007)) and reiterated the suggestion to use this term instead of
“deterministic effect” in ICRP publication 118 (ICRP 2012).
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plants has highlighted that alongside medical interventions, psychosocial treatment is also
vitally important when looking after affected individuals.

Part C Organisational and technical aspects begins with an overview of radiation monitoring
devices used in radiation emergencies and the different areas in which they are used. The
chapter on dosimetry first details the biological techniques, which, although they do not enable
the determination of the physical dose received by the human body itself, can facilitate the
assessment of the impact of such a dose, which is particularly relevant to medical treatment.
The section on physical dosimetry techniques includes a description of incorporation
measurements, in particular thyroid scans following accidents in nuclear power plants.

The section dealing with self-protection and personal protective equipment is especially im-
portant for response personnel. This is followed by sections on emergency response organi-
sation, establishing an emergency care centre in the event of a damaging incident resulting in
numerous casualties, transport, and logistics for contaminated individuals and infrastructure
and logistics in hospitals. There is also a separate section on crisis and risk communication.

For instructive purposes, sections of text that are especially important for understanding the
content are shown in text boxes with a green background, and warnings or text sections that
require particular attention have a red background.

The handbook is completed with a list of literature and regulations relevant to the subject matter,
a glossary, a number of annexes relating to biological dosimetry, laboratories for incorporation
monitoring, a list of Regional Radiation Protection Centres, decontamination measures, and
radiation assessment data sheets.
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A Basic principles
2 Types of radiation exposure

Both external exposure to ionising radiation and internal exposure following incorporation of
radioactive substances can result in radiation effects in humans (Figure 2-1).

The radiation injuries caused by these effects in affected individuals range from acute local
reactions to life-threatening conditions, which necessitate early and specific diagnostic and
therapeutic measures. In addition, there is potential for delayed injury, which may only manifest
itself at some point in the future (see section 4.4, chapter 8).

The term “combined injury” is used in cases where a conventional injury, i.e., thermal, chemical
or mechanical trauma, is present in addition to external local radiation exposure, partial or
whole-body exposure to radiation, or contamination with or incorporation of radioactive
substances.

Figure 2-1:  External and internal exposure, first-aid measures and associated risks for first
responders/emergency personnel.
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2.1 External exposure to radiation

External exposure occurs when radiation enters the body from the outside, for example radiation
originating from sealed or open radiation sources, airborne radionuclides or from the deposition
of radionuclides on objects, soil or water.

Depending on the volume or surface area of the body that has been irradiated, external exposure
can result in partial or whole-body exposure or only in local exposure. The risk to health from
irradiation by a sealed source depends on the radiation dose, the length of time spent near the
source, and the distance from the source. The early impact of high-dose whole-body exposure
on health is encapsulated in the term acute radiation syndrome (or acute radiation sickness) (see
chapter 8).

In cases of external exposure of individuals to radiation from a sealed source, no radioactive
material is transferred, which means that these individuals do not pose a risk to rescuers or other
persons (IAEA 2020a).

External exposure can also be the result of contamination, i.e., when unsealed radioactive
substances (solid, liquid, or gaseous) are deposited on skin, hair, fingernails, or clothing (Figure
2-1) (BfS 2018, IAEA 2020b).

As a rule, contamination has no or only a minor impact on human health, but severe external
contamination with beta emitters can cause serious skin burns (IAEA 2020a). Severe accidental
contamination is extremely rare.

In cases of actual and even suspected contamination, immediate life-saving interventions are
necessary, although rescuers always have to be mindful of self-protection (see chapter 12).
Adequate and if possible complete decontamination must be the objective, not least to prevent
potential delayed injury (tissue damage, development of cancer etc.). The observance of general
protection measures limits the risk to rescuers when managing contamination (IAEA 2020a).
Appropriate safeguards can prevent the spread of the contamination (see section 12.3).

2.2 Internal exposure to radiation

Internal radiation exposure results from an intake of radioactive substances into the body and
their (partial) deposition in certain organs (incorporation), depending on their chemical
composition. Radioactive substances can enter the body in different ways, for instance, via the
gastrointestinal tract (ingestion) or the airways (inhalation). Even in cases of external
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contamination, radioactive substances can enter the body if they can be absorbed through intact
skin. Open wounds increase the likelihood of absorption (Figure 2-1) (BfS 2018).

Regardless of the circumstances in which unsealed radioactive substances are used, their
handling always poses the possibility of contamination (IAEA 2018). The potential risk of
incorporation of such substances depends on a number of parameters:

— Type of radionuclide; activity; type of radiation; physical half-life;

— Type of chemical compound; gas or aerosol (volatile compounds); particle size and
solubility (solid compounds); absorbability through the skin (liquids);

— Breathing rate and respiratory volume (incorporation through inhalation);
— Amount of food present in the gastrointestinal tract (ingestion);

— Type and extent of injury (incorporation through open wounds);

— Distribution of the radionuclides inside the body;

— Pathway and speed of excretion of the incorporated radioactive material (kidney or
intestinal tract, biological half-life).

The team responsible for treatment should record and document all such information available
to them as soon as possible to facilitate targeted interventions.

High radioactivity of incorporated radioactive material can have severe deterministic and
potentially lethal effects (IAEA 2020a).

By itself, incorporation does not pose a direct risk for other people, except in patients with high
levels of internal contamination with radionuclides that emit gamma radiation. In such cases,
therefore, response personnel and other individuals are subjected to external radiation exposure
as a consequence of the patient’s internal contamination (IAEA 2020a). Regardless of this,
incorporated radionuclides may eventually be excreted and thus contaminate other individuals
if they come into contact with the excretions.
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3 Areas of application and emergency scenarios

Radiological emergencies can occur in all areas where radiation sources are used or unsealed
radionuclides are handled. These include nuclear facilities, industrial and technological settings
where radioactive substances are used, and medicine and research (including accidents during
transport and loss/theft of radiation sources). Special scenarios arise in the event of the release
of radionuclides or exposure to ionising radiation due to terrorist activity or for other malicious
purposes.

3.1 Occupational monitoring of individuals, dose exceedance and incidents

In 2017, around 418,000 individuals in Germany were subject to occupational exposure (BMU
2020), of whom 72 % worked in medical settings, 4 % in nuclear installations, 9 % in industrial
settings, and 5 % in research and development, while 10 % were flight personnel monitored
according to radiation protection regulations.

It is very rare for dose limits of 20 mSv per calendar year to be exceeded (Figure 3-1). The dose
limit can be exceeded due to a single exposure to radiation or cumulative exposure over the
calendar year.

Number of persons
14

B Medicine

12
O Outside medicine

10

2003 2005 2007 2009 2011 2013 2015 2017

Figure 3-1:  Monitored persons with whole-body doses exceeding 20 mSv per calendar year
(BMU 2020).

In addition to cases where dose limits for monitored individuals have been exceeded, incidents
in the event of a planned exposure situation that have or could have led to unanticipated
exposure to radiation (according to section 1(22) Radiation Protection Ordinance) have to be
reported to the competent authorities. Between 2005 and 2016 a total of 1,155 such incidents
were reported (about 100 per calendar year). Most reported incidents were accidental finds of
radioactive material, mainly after it had been inappropriately disposed of (Czarwinski und
Hé&usler 2018). During that monitoring period (11 years), additional exposure to radiation was
reported in around 50 individuals. In the majority of these cases the levels of exposure were
only minor. Doses above the limits permitted for persons with occupational exposure were
observed in 13 incidents relating to 15 individuals (whole-body >20 mSv a’, effective dose;
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partial-body > 500 mSv a1). In none of these cases negative impacts on health due to radiation
were observed.

3.2 Accident scenarios and areas of application

3.2.1 Nuclear facilities

In 2017, just over 15,000 individuals were monitored according to radiation protection regu-
lations in German nuclear facilities (uranium enrichment, production of fuel elements, nuclear
power plants, disposal and dismantling) (BMU 2020).

Two examples of severe accidents in nuclear power plants are those that took place in Chor-
nobyl, Ukraine and Fukushima, Japan, which are examined in detail below.

On 26 April 1986 the Chornobyl power plant experienced the most catastrophic accident in
the history of nuclear power generation. During a safety test the reactor became unstable, which
led to an uncontrolled increase in reactor activity. This caused the reactor to explode, followed
by a core meltdown. Subsequently, the graphite moderator caught fire and burned for ten days,
resulting in a continual release of large amounts of radioactivity. Radioactive contaminants
were carried into the upper strata of the atmosphere and distributed along the prevailing winds
across vast areas of Belarus, Ukraine, and the western regions of Russia. Comparatively small
amounts of radioactivity of no relevance to human health also reached Germany (mainly
southern regions) after a week.

In 2008, the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) published a summary of the effects on human health following the accident at the
Chornobyl nuclear power plant (UNSCEAR 2008b). As a result of the very high exposure levels
within the power plant itself, 134 of around 600 exposed persons, both employees of the plant
and rescue personnel, were diagnosed with acute radiation syndrome (ARS). In the aftermath
of the accident, 29 of these severely exposed individuals died (despite attempts to save them
with stem cell transplantations in a specialist hospital in Moscow). By 2006 a further 19 ARS
survivors had died from various causes; in these cases, an unequivocal connection with
radiation exposure could not be established. The main consequences of radiation exposure
diagnosed in ARS survivors were frequent cases of skin damage and cataracts.

Another group of people to be considered are the roughly 120,000 residents living in the 30 km
zone around the plant. They were evacuated relatively late, some of them only after several
weeks. About six million individuals — the population living in the contaminated areas — were
exposed to somewhat lower doses of radiation. In the main, the health effects in these two
groups in the wake of the Chornobyl disaster were the same, and a consequence of the thyroid
gland receiving high doses of **!I released during the accident. The population was not informed
about the accident until weeks afterwards, and customary protection measures such as staying
indoors as the cloud passed, not consuming contaminated milk and food and distributing iodine
tablets to block the absorption of radioactive iodine by the thyroid gland were not taken.
Subsequently, after a latency period of about five years, there was a significant, up to a 15-fold
increase in the incidence of thyroid cancer in the most vulnerable group of individuals, namely
those under 12 years of age. Today it is assumed that the Chornobyl disaster was the cause of
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at least 6,000 cases of thyroid cancer in children (UNSCEAR 2008a). In general, the prognosis
of thyroid cancer in children is favourable (Reiners et al. 2013).

The huge earthquake of 11 March 2011 in Japan gave rise to a tsunami that overwhelmed the
safety features that were in place at the Fukushima-Daiichi nuclear plant and resulted in
massive damage to the four reactor units that were in operation at the site at the time.

In 2020, the sequence of events and the consequences of the accident were summarised by
UNSCEAR in a publication entitled Levels and effects of radiation exposure due to the accident
at the Fukushima Daiichi Nuclear Power Station: implications of information published since
the UNSCEAR 2013 Report (UNSCEAR 2020). According to this report, on 12 March 2011,
three reactor units began releasing radioactivity, mainly due to interruption of coolant
circulation, hydrogen explosions, targeted pressure relief measures, and leakages caused by
core meltdown. Over the course of the next 14 days, radioactivity was not released continuously
but in several sporadic bursts. In contrast to the Chornobyl nuclear power plant, the reactor
units at Fukushima were equipped with containment systems. Due to the different accident
mechanisms and safety conditions, the total amount of radioactivity released during the
Fukushima disaster was only about 10 % to 20 % of that released in Chornobyl. Another
favourable circumstance which limited exposure of the population was that around 80 % of the
radioactive material released at Fukushima was carried eastwards across the Pacific Ocean, so
populated areas were less affected.

Evacuation of the population from the 2 km zone commenced immediately on the day of the
accident. The evacuation zone was extended in stages from 2 km to 20 km and finally 30 km by
15 March 2011. Altogether around 200,000 residents were evacuated. On 16 March 2011, the
authorities started systematic food monitoring, and contaminated foodstuffs (including
seafood), milk, and drinking water were prohibited from distribution. lodine tablets were held
in standby storage but not actually distributed after reliable dose estimations showed that
radioactivity levels did not exceed the intervention reference levels effective in Japan at the
time. It should be noted that, as is usual in Japan during the flu season, the population had been
advised to wear face masks.

Compared to the Chornobyl nuclear accident, radiation exposure in Fukushima was around
three orders of magnitude lower. Consequently no statistically significant somatic health effects
that might be caused by radiation were detectable either in personnel working at the plant or in
the general population. This applies to all exposed groups, ranging from nuclear plant
personnel, personnel involved in the clean-up efforts and residents evacuated from the 30 km
zone to residents of the other regions neighbouring the Fukushima-Daiichi plant. However,
around 100 hospital patients of advanced age, in some cases intensive care patients, died due to
insufficient medical care during the evacuation and in the immediate aftermath. This can be
seen as an indirect consequence of the radiation accident. That said, it must be borne in mind
that evacuation efforts were severely hampered by the aftereffects of the tsunami and the
earthquake.
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Early on the Japanese government decided to conduct investigations assessing the health status
of the exposed population. The first step was a basic survey — part of the Fukushima Health
Management Survey? — of around 2 million people in autumn 2011 to establish facts that were
important for retrospective dosimetry (such as whereabouts at the time and duration of stay at
the location).

This was followed by a thyroid ultrasound screening programme between October 2011 and
March 2018, carried out in three phases, each lasting around two years. The screening targeted
some 380,000 children and adolescents aged under 18 who were residents of Fukushima
Prefecture at the time of the accident. The three screening campaigns ultimately revealed a total
of 202 cases of thyroid cancer, with the incidence decreasing significantly over time. This result
caused considerable concern among the population. Not enough attention was paid to the fact
that, due to its natural prevalence, 100 cases of this cancer would have been expected to occur
anyway (if screening had not taken place). After the accident at the Fukushima plant, the
thyroid-specific **!1 doses were two to three orders of magnitude lower than after the Chornobyl
accident; there was no correlation between the number of cases discovered during screening
and the thyroid doses that people received depending on their whereabouts. Another
counterargument against the detected cancers being caused by radiation is the older age of the
cancer patients in Fukushima compared to those in Chornobyl. These facts led to a consensus
among experts that the increased number of observed cases is a consequence of systematic
screening.

An essential part of the Health Management Survey was a mental health questionnaire given to
the cohort of 210,000 evacuees mentioned above. The results showed that around 15 % of the
people questioned had asked for support because of depression and/or anxiety in 2011, the year
of the accident. However, this percentage had decreased to 7 % at the time of the 2016 survey.
It was still significantly higher than the expected figure in Japan, which is 3 %. Mental health
problems were found to be clearly dependent on age, with the highest percentage (25 %)
observed in children from four to six.

3 http://kenko-kanri.jp/en/pdfireport_e.pdf



Radiation emergency medicine — Handbook for medical care and training 20

3.2.2 Handling of radioactive material outside nuclear installations
Industry and technology

Examples involving the handling of radioactive substances or ionising radiation in the industry
include:

— Non-destructive materials testing
— Industrial irradiation facilities (sterilisation, changing material properties)

— Measuring filling levels, flow rates, thicknesses, or area densities (mass of transported
material per unit area)

— Uranium hexafluoride (UFs) as part of the fuel cycle

— Thorium in mantles for gas lanterns or used as an additive in welding electrodes
—  Tritium-activated luminous paint (e.g. in watches)

— Static eliminators (e.g. in paper machines)

— lonisation smoke detectors

In addition, remnants from usage in earlier times may need to be taken into account (e.g. radium
sources occasionally found in antique or junk shops, radium compresses, radium antiseptics).
Such usage was prohibited by the first Radiation Protection Ordinance of 1960 and the German
Medicinal Products Act of 1961.

A relatively common accident scenario in industry and technology, affecting small numbers of
people, can occur in the context of non-destructive materials testing (gamma radiography). This
procedure uses highly radioactive radiation sources that in themselves do not pose a risk for
personnel when used correctly and when radiation protection equipment is intact. However,
accidents can occur. During weld seam testing in overland pipeline construction, for instance,
a typical example of the use of gamma radiography, the remotely controlled radiation source
sometimes does not properly retract from the applicator into its protective case. This leads to
accidental exposure to potentially high local radiation doses that can result in damage to the
skin and the underlying tissue. In most cases, the number of affected people is small, ranging
from one to 10 individuals (IAEA 1998).

Radiation accidents are rare in Germany, but incorporations cannot be ruled out in industrial
settings because radioactive substances can enter the body despite personal protective
equipment when injuries have occurred.



Radiation emergency medicine — Handbook for medical care and training 21

Medicine and science

Radiation accidents affecting small numbers of people may occur in research laboratories and
in nuclear medicine, radiotherapy, or radiology departments in hospitals and practices. In the
event of accidents in research facilities, it must be borne in mind that they sometimes use
radionuclides that are difficult to detect. In addition to other injuries, ionising radiation or
radioactive substances can affect the body in the following ways:

— Partial-body irradiation (mostly of the hands) with X-rays or radiation sources when
distance is small or focused beams are used

— Whole-body irradiation by radiation sources or accelerators located at a greater distance

— Contamination with radioactive substances, including their inhalation or incorporation
(also through open wounds)

In such accidents, the risk to response personnel from ionising radiation is small. Concerns
about irradiation and radioactivity must not under any circumstances lead to delays in initiating
necessary medical interventions.

Significant incidents according to sections 108 and 109 of the Radiation Protection Ordinance,
can occur when using ionising radiation on humans and during handling of unsealed radioactive
substances in diagnostics and treatment (e.g. as a result of contamination in nuclear medicine,
during the production and preparation of radioactive therapeutic agents or in interventional
radiology). Since 2019, the Federal Office for Radiation Protection (BfS) has been recording
such incidents in a special register®. In the 2020 reporting year, 102 significant incidents that
the BfS was able to process were reported. Of these incidents, 47 took place during the
therapeutic use of radiation in radiation oncology and nuclear medicine, 70 % of which resulted
from mix-ups of patients’ names or treatment plans. Incidents lower on the frequency scale
involved dose exceedance during computer tomography (27 out of 102 cases) and during
interventional radiological measures (13 out of 102 cases).

3.2.3 Transport of radioactive material

The transport of radioactive material is subject to the Ordinance on the Transport of Dangerous
Goods by Road, Rail and Inland Waterways (GGVSEB 2009). The objective is to prevent the
release of radioactive material during transport or in the event of accidents, and to minimise the
radiation hazard from an intact or damaged package in case of an accident.

To this end, the ordinance limits the type and amount of radioactive material according to the
type of packaging. It defines requirements for packaging and rules for handling the material
during transport.

None of the few transport accidents that have occurred to date have had serious consequences
attributable to ionising radiation or radioactivity.

The majority of transports of radioactive material involve the shipment of packages intended
for use in medical settings, research facilities, and industry. The number of transports of non-
irradiated and irradiated fuel elements from the fuel cycle of nuclear reactors is far lower.
However, the radioactivity levels involved are much higher, which increases the potential risk
and means that appropriate special containers (e.g. Castor®) must be used. The transport of such

4 https://www.bfs.de/DE/themen/ion/anwendung-
medizin/bevomed/jahresbericht/jahresbericht_node.html
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materials is subject to special conditions and frequently requires police protection to safeguard
against third-party actions.

Assessment of the situation

An assessment of the situation in the event of a transport accident is vitally important. It is
necessary to gather information about the radioactive material present and the intensity of the
ionising radiation to ensure that assistance can be provided safely. Potential sources of
information are described below.

Hazard labels, placards, written instructions

Hazard labels indicate the category of the package. This allows a rough estimate to be made of
the dose rate at the surface of an — undamaged — package. The type and the amount of the
radionuclide are also indicated (Table 3-1).

The placards attached to vehicles show the radiation warning symbol (trefoil) above the word
RADIOACTIVE (Figure 3-2). Further information can be found in the transport documents and
any written instructions.

Figure 3-2: Delivery vehicle for transporting dangerous goods displaying placards indicating
Class 7 radioactive material and an orange ADR warning sign
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Table 3-1: Categories used for the labelling of packages and vehicles carrying radioactive

material (according to GGVSEB®, ADR®)

Maximum permissible dose rate

Label Category
at the surface at a distance of 1m
I WHITE 5uSvh1 _
I YELLOW 500 uSv h? 10 uSv ht
2,000 ySv ht 100 uSv ht
Il YELLOW
(10,000 pSv h-1)* (>100 ySv h1)*

*  Values permitted only if the vehicle is exclusively used for transporting this material.

Information for the fire services

Fire service operations relating to the transport of radioactive material must initially be carried
out in accordance with hazard category I1A provisions (Table 3-2) (see German Fire Service
Regulations (FwDV 500, AKFzV 2022)).

Table 3-2: Risk groups with information on operational requirements for fire services (see

section 54 Radiation Protection Ordinance)

Risk group Operational requirements

1A No special equipment is needed; breathing apparatus, if there is a risk of
incorporation

A Only with special radiation protection equipment and provision of radiation
monitoring and decontamination facilities

A As lIA, with the addition of immediate deployment of an expert to the scene of
the accident

If further advice is needed, detailed information and (where applicable) documentation are
available at rescue coordination centres or operational control rooms.

GGVSEB: Ordinance on the Transport of Dangerous Goods by Road, Rail, and Inland Waterways*)

(Gefahrgutverordnung StralRe, Eisenbahn und Binnenschifffahrt)

ADR: Accord européen relatif au transport international des marchandises dangereuses par route

(English: European Agreement concerning the International Carriage of Dangerous Goods by Road)
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3.2.4 Loss or theft of radiation sources

Handling lost or stolen radiation sources poses risks for uninvolved third parties, thieves and
illicit traffickers.

The potential consequences can be serious, as was the case in various incidents some years ago
in Juarez (Mexico, 1962), Goiania (Brazil, 1987), Yanango (Peru, 1999), and Cochabamba
(Bolivia, 2002), some of which resulted in fatalities. These were incidents where hospital
irradiation equipment that was no longer in use was stolen and dismantled or illegally disposed
of, or radiation sources had gone astray and were then found but not recognised as dangerous.

These “orphan” radiation sources can pose a hazard due to both external exposure and
incorporation. They can also lead to contamination and incorporation levels having to be
measured in thousands of affected individuals — as demonstrated by the 1987 accident in
Goiania involving *'Cs in the form of caesium chloride from a teletherapy unit stolen from an
abandoned hospital (IAEA 1988).

3.2.5 Release of radioactive material or exposure to ionising radiation due to
terrorist activity or otherwise motivated actions

The aim of malicious actions using radioactive material is to cause an economic, political or
health impact, including psychological stress. To a certain extent, their aims and effects can be
compared to those of an attack with nuclear weapons.

Depending on the scenario, the number of people affected can range from a few to very many
(i.e. a large number of individuals exposed or injured), with varying risks of high radiation
doses, including the possibility of acute radiation syndrome (ARS). Radiation injuries may also
be combined with conventional injuries.
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Potential scenarios include:
— The use of radiological exposure devices (REDSs), e.g. as a concealed radiation source
— The use of radiological dispersal devices (RDDs), also known as dirty bombs
— Attacks on scheduled transport of radioactive material
— Contamination of foodstuffs and drinking water
— Attacks on nuclear facilities or other facilities holding radioactive material
— Improvised nuclear devices

In cases where one of these scenarios is suspected and until such time as the actual risk has
been assessed. It must be assumed that the incident has indeed taken place, and appropriate
steps must be taken.

3.3 Emergency scenarios and estimation of the number of people affected
and the capacities required

Exposure to high levels of ionising radiation can occur as a result of accidents but also in the
wake of terrorist activity or actions with other malicious motives. Detection of the exposure
may be delayed for a long time, in particular in covert incidents involving radionuclides, with
the consequence that large numbers of people may be affected due to the spread of
contamination. This also includes many who, although not actually exposed themselves, will
be concerned about their health and therefore seek medical advice and assistance.

Depending on the scenario, the number of people affected can vary significantly from just one
or a few individuals to mass casualties. The SSK addressed the issue of estimating the number
of persons affected in the event of various scenarios in 2017 (SSK 2017b).

It concluded that in most scenarios the number of exposed individuals who may go on to
develop ARS is low and that there are only very few scenarios which could lead to a large
number of acutely and highly exposed persons (SSK 2017b).

Table 3-3 shows the estimated number of affected persons in Germany for the various scenarios.
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Table 3-3: Estimated number of affected persons in Germany who may require medical treatment in various radiological emergency scenarios (adapted

from SSK 2017b)
Scenarios Mild radiation Severe Local Combined Contamination | Incorporation! | Psychological
syndrome radiation radiation trauma effects
syndrome syndrome
special
treatment
Accident at a German NPP prior to 100-1,000 10-100 10-100 10-100 200,000 1,000,000 +++
the removal of fuel elements
Accident at a foreign NPP located - - - - 50,000-200,000 100,000- +++
near the German border 1,000,000
Accident at an NPP elsewhere in - - - - - 10,000-50,000 ++
Europe
Accident at an NPP outside of - - - - - - ++
Europe
Accident at a nuclear plant or 1-10 1-10 1-10 1-10 1-10 1-10 +
facility that is not an NPP
Transport accident 1-10 1-10 1-10 1-10 1-10 1-10 +
Accidents in connection with 1-10 1-10 1-10 1-10 1-10 1-10 +
handling radioactive substances
(incl. orphan sources)
Terrorist acts or criminal activity Up to 1,000 1-10 10-100 10-100 Up to 1,000 Up to 1,000 +++
due to other motivations
Satellite crash - - 1-5 1-5 1-5 1-5 +

1 Including potential incorporation of iodine

+ low number, ++ high number, +++ extremely high number of affected persons; - no affected persons expected
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4  Radiation physics and radiobiology
4.1 lonising radiation

All substances — solids, liquids and gases — are made up of atoms. The structure of atoms is
based on general principles. Every atom has a nucleus and a shell, both of which are made up
of elementary particles. The Bohr model of the atom helps to illustrate this structure: it suggests
that the nucleus consists of protons and neutrons and has a positive charge, with the shell made
up of negatively charged electrons in orbits around it (Figure 4-1).

Figure 4-1:Bohr model of the atom (taking lithium as an example)

The atom is electrically neutral if the number of protons in the nucleus is the same as the number
of electrons in the shell. Each electron has a specific amount of energy and can only occupy a
specific orbit around the nucleus. When an electron jumps from an orbit that is further away
from the nucleus to one that is closer to it, energy is emitted. The energy difference (quantum
of radiation) is released in the form of an electromagnetic wave. The inverse process, i.e.,
moving an electron from an orbit closer to the nucleus to one further away, needs an input of
energy from outside. The technical term used for this is excitation.

Removing electrons from or adding electrons to the shell creates a charged particle (an ion).
This process is called ionisation.

Radiation is defined as a transfer of energy or mass. Radiation that is able to detach electrons
from their orbits in the shells of atoms of irradiated matter is called ionising radiation. All
ionising radiation can be described in terms of both particles and waves (wave-particle duality).
Radiation that transfers both energy and mass is usually called particle radiation (sometimes
also corpuscular radiation). Electromagnetic radiation, which also includes photons, does not
transfer mass, only energy.

The most important types of ionising radiation are alpha (o) radiation, beta () radiation, gamma
(y) radiation, neutron radiation, and X-rays. Alpha particles consist of two protons and two
neutrons, and have a positive charge. Beta particles are either positrons (positively charged
electrons) or electrons. Neutrons are electrically neutral particles.

Alpha and beta particles are created when unstable atomic nuclei in radioactive substances
decay. In most cases, alpha decay or beta decay is accompanied by gamma radiation emission.

In contrast to gamma radiation, which originates from the nucleus, X-rays are created by
interactions between electrons in the shell. Both are types of electromagnetic radiation (photon
radiation).
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In the following, the term “radiation” always denotes ionising radiation.
4.2 Dose guantities and units

4.2.1 Activity

The activity of a radioactive substance is defined as the number of disintegrations of nuclei per
unit of time. The unit of activity is the becquerel (Bq):

1 Bq =1 disintegration per second.

The now obsolete unit of 1 curie (Ci) corresponds to an activity of 37 billion becquerel.

4.2.2 Terms used to define different doses

The terms “dose” or “radiation dose” are collective terms used for a number of specifically
defined doses, the most important of which are the absorbed dose, the equivalent dose and the
effective dose.

There is no direct correlation between activity and radiation dosage. Very high levels of activity
can result in low radiation doses, and low levels of activity high radiation doses. Numerous
factors (such as the type of radiation, whether radiation affects the surface of the body or, after
incorporation, the inside of the body, the age of affected individuals) influence the effective
value of the dose. It is therefore always necessary to consult comprehensive tables’ to determine
the dose for any given activity, as and when required.

T https://www.base.bund.de/EN/bfe/laws-regulations/dose-coefficients/dose-coefficients.html
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The absorbed dose D is defined as the total energy absorbed by a material per unit mass. Its
unit specified in the International System of Units (SI) is the gray (Gy):

1Gy=1Jkgt

This definition of radiation doses solely in terms of physics is in many cases not sufficient to
describe the actual risk in a radiation protection context. One of the reasons for this is that
individual types of radiation have different biological effects, depending on whether the
radiation is sparsely (low linear energy transfer) or densely ionising (high LET). The latter
has a stronger biological effect because ionisation is more densely packed within biological
structures and the damage cannot easily be repaired by the body’s repair mechanisms.

Due to its high energy deposition along its particle track, alpha radiation (high LET), for
example, has a significantly stronger biological effect than, for example, beta radiation (low
LET), even if the amount of absorbed energy (measured in grays) is the same. This led to the
introduction of other dose quantities (measured in sieverts, Sv).

The dose equivalent H is defined as the product of the absorbed dose and a non-dimensional
factor.

Dose values

Absorbed dose D [Gy]

Radiation weighting Quality factor Q
factor wy
Doses used in Operational
radiation protection ! doses
Dose equivalent H; [Sv] Equivalent dose [Sv]
— Ambient dose [Sv]

) T Ambient equivalent dose H*(10)
T|s§ue . Directional equivalent dose H'(3)
weighting Body Directional equivalent dose H'(0.07)
factor wy equivalent dose

(body dose) [Sv] — Personal dose [Sv]
Depth personal dose H,(10)
v Ocular lens personal dose H,(3)
Effective dose E [Sv] Surface personal doseH,(0.07)

Figure 4-2: Dose values according to StrlSchV 2018
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The non-dimensional factor used in the context of operational parameters is the quality factor®
Q, which is dependent on the level of linear energy transfer of the specific radiation type in
water. The dose equivalent® H is defined as:

H=Q-D
where D is the absorbed dose in ICRU soft tissue.

In addition to the operational parameters, radiation protection parameters are used, which limit
the risks from radiation. In this case the absorbed dose received by a specific organ or tissue is
multiplied by a non-dimensional radiation weighting factor wr (see Table 4-1). The dose
calculated in this way is referred to as the equivalent dose (or organ equivalent dose, also
previously: organ dose).

Here the following applies: the organ equivalent dose Hrr generated by the radiation R is the
product of the absorbed dose averaged over the volume of the tissue or organ T (the organ
absorbed dose D r) that is generated by the radiation and the radiation weighting factor wr:

Hrr =Wr - D1R
Furthermore,

the organ equivalent dose Hr is the sum of the products of the radiation-type-specific organ
absorbed dose Drtr and the associated radiation-type-specific weighting factor wr for all

radiation types R:
Hr = ZWR * Drg
R

In the case of low-LET radiation, the numerical value of the radiation weighting factor equals
that of the quality factor, which equals 1.

In contrast, the effect of high-LET radiation, such as alpha radiation or neutrons of unknown
energy, is assumed to be 20 times greater than that of low-LET radiation. However, it should
be noted that in cases which do not involve low-LET ionising radiation, indicating doses in
sieverts (Sv) is only useful in connection with stochastic effects (cancer, leukaemia and
chromosome damage) because the weighting factors used for the conversion were derived
solely for that purpose. In all cases where cell death (i.e. deterministic effects'® — see also
section 4.4.2) is involved, the absorbed dose should be used, and accordingly indicated in grays
(Gy), also stating the type of radiation generating the effect. The rationale for this is that the
radiation weighting factors are deduced from the values of the relative biological effectiveness
(RBE), which are observed for stochastic effects. RBE values relating to cell death, however,
are generally considerably lower than those relating to stochastic effects.

8 The values of the quality factor Q are listed in Annex 18, Part D Radiation Protection Ordinance
(StrISchv 2018).

o The Radiation Protection Act (StrISchG 2017) uses the German terms “Aquivale{ltdosis” and “Organ-
Aquivalentdosis® whereas the DIN standard (DIN 6814-3:2016-08) uses “Mess-Aquivalentdosis” and
“Organ-Aquivalentdosis”, in both cases “dose equivalent” and “equivalent dose” respectively.

10 The IRCP also uses the term “tissue reaction” for damage to cell populations characterised by effects

of a threshold dose and an increase in the severity of effects with increasing dosage (first mentioned
in ICRP publication 103 (ICRP 2007)) and reiterated the suggestion to use this term instead of
“deterministic effect” in ICRP publication 118 (ICRP 2012).
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different radiation types

Table 4-1: Radiation weighting factors wr (according to Annex 18, Part C 1 StrISchV) for

Radiation type Radiation weighting factor wr
Photons 1
Electrons and muons 1
Protons and charged pions 2
Alpha particles, fission fragments, heavy 20
ions
< —lin(En)1?
Neutrons, energy E, < 1 054182 e
< < -[in(2 Ep)]?
Neutrons, 1 < energy E, < 50 504170 L
N E, > —lin(0,04 Ep))?
eutrons, energy E, > 50 254325 ¢

En is the numerical value of the neutron energy given in MeV; if the energy is unknown, a factor
of 20 is used.

Stochastic radiation risks (cancer, leukaemia, chromosome damage) are assessed by means of
the effective dose E. The effective dose E is the sum of the organ equivalent doses Hr in relevant
organs and tissues multiplied by the associated tissue weighting factors wr (see Table 4-2):

E: ZWT'HT.
T

The unit used for the effective dose is also the sievert (Sv).
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Table 4-2: Tissue weighting factors wr (according to Annex 18 Part C 2 StrlSchV) for various
tissues and organs

Tissue or organ Tissue weighting factor wt
1. Bone marrow (red) 0.12
2. Large intestine 0.12
3. Lungs 0.12
4, Stomach 0.12
5. Breasts 0.12
6. Gonads 0.08
7. Bladder 0.04
8. Oesophagus 0.04
9. Liver 0.04
10. Thyroid 0.04
11. Skin 0.01
12. Bone surface 0.01
13. Brain 0.01
14. Salivary glands 0.01
15. Other organs or tissue! 0.12

1 The tissue weighting factor for no.15 on this list (other organs or tissue) relates to the arithmetic mean of the
doses of the following 13 organs and tissues (gender-specific): adrenal glands, upper airways, gall bladder,
heart, kidneys, lymph nodes, muscle tissue, oral mucosa, pancreas, prostate gland (male), small intestine,
spleen, thymus gland, uterus/cervix (female).

Tissue weighting factors wr are the means by which individual organ equivalent doses Hr are
weighted depending on their relative contribution to stochastic radiation effects. The wr factors
reflect the different sensitivity of individual organs and tissues to stochastic radiation effects,
for example. The effective dose is a construct that allows the total risk to be estimated, even if
radiation affects only parts of the body.

The ambient dose is the tissue equivalent dose as measured at a specific location. Usually,
radiation monitoring devices (ambient dosimeters) are used to measure this parameter. It allows
an estimate to be made of the effective dose (from external radiation) that a person would
receive if they were at that location.

The dose rate is defined as the quantity of radiation (dose) per time unit.

The committed effective dose E(7) is the sum of the products of the cumulative total organ
equivalent doses over the period of incorporation, and the corresponding tissue weighting
factors (wr), where zis the period of integration after radiation intake in years. The period here
is 50 years for adults, and for children it is the number of years up to reaching age 70.
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4.3 Other basic physical principles

The following section explains the terms half-life, sealed and unsealed radioactive substances,
shielding, attenuation, contamination and incorporation.

4.3.1 Half-life

In the context of radioactive processes, a distinction is made between the physical, biological
and effective half-life of a radioactive substance.

The physical half-life (tr) is the time it takes for half of the nuclei of a radioactive substance to
decay. It is a specific characteristic of any given radionuclide. After a period of 10 half-lives, a
radioactive substance has decayed to the extent that less than 1 %o (one thousandth) of its
original activity remains.

The biological half-life (tvior) is the time it takes for the body to metabolise and excrete half of
a given substance after its incorporation.

The effective half-life (terr) is the time it takes for the activity of a radioactive substance that
has been incorporated into the body to halve due to physical decay and metabolic processes or
excretion. It depends on the physical and biological half-life and is shorter than or at most of
equal length to the shorter of those two half-lives.

1 1 1
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4.3.2 Sealed and unsealed radioactive substances

The potential risk when handling or coming into contact with radioactive substances depends
on, among other things, whether the substances are sealed or unsealed.

Sealed radioactive substances are permanently enclosed on all sides by an impervious, solid,
inactive casing that cannot be opened non-destructively or are permanently incorporated into
solid, inactive substances such that, under normal conditions of use, the emission of radioactive
substances is definitively prevented. The encased radioactive substance must measure at least
0.2¢ m in one dimension (Section 5 (35) Radiation Protection Act).

Provided the casing is intact and the radioactive substance does not enter the human body, the
only risk posed by sealed radioactive substances is potential external exposure to radiation.

Unsealed radioactive substances are all radioactive substances except sealed radioactive
substances (Section 5(34) Radiation Protection Act).

The potential risks when handling or coming into contact with unsealed radioactive substances,
in addition to external exposure to radiation, are contamination and incorporation (see section
2.2).

4.3.3 Attenuation/shielding/range

Radiation is attenuated as it passes through matter. Alpha and beta radiation can be blocked
completely by various materials of different strengths (Figure 4-3), whereas photon radiation
(gamma radiation and X-rays) and neutron radiation can only be attenuated. The process of
attenuation follows an exponential curve. The half-value layer (or half-value thickness) is the
thickness of a layer of material in which the intensity of radiation is reduced by one half.
Another parameter that is used similarly to the half-value layer is the tenth-value layer.

In the case of high-energy gamma radiation, a layer of several centimetres of lead, for example,
IS required to attenuate the radiation by half.

On account of their electrical charge, alpha radiation and beta radiation have a limited
(maximum) range when passing through matter. Depending on the range of the radiation,
amounts of energy are transferred along the path traversed through the matter, including to
biological material, at various densities (referred to as linear energy transfer, LET), causing
both excitation and ionisation. The average number of ionisations per volume element is
referred to as ionisation density. As alpha particles have a greater mass and a higher electrical
charge than beta particles, alpha particles lose around 10,000 times more energy per unit
distance travelled than beta particles with the same total energy. The energy transfer from alpha
particles to solid materials, for example, therefore produces a much greater energy deposition
density. Accordingly, the range of alpha radiation is shorter.
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Figure 4-3:  Attenuation, shielding and range of ionising radiation in air

In air, alpha radiation has a range of a few centimetres; in water its range is several thousandths
of a millimetre (several um). The maximum range of beta radiation is up to 10 m in air and 2 cm
in water. The energy loss and range of these types of radiation in organic tissue is about the
same as in water.

Shielding from charged particles can be achieved by simple means, for instance a sheet of paper
in the case of alpha radiation or 3 mm of aluminium in the case of beta radiation.

However, if alpha or beta emitters enter the body, affected organs may receive high doses
because all the energy is deposited in the tissue within their short range of a few um to a few
cm. In contrast, external exposure of the skin to alpha radiation usually does not result in a
biologically effective dose because the radiation cannot penetrate the outer dead layers of
keratinised epithelium (Table 4-3). The greater risk in cases of skin contamination is that of
spreading the contamination hand to mouth or hand to face, resulting in incorporation.

The behaviour of charged particles, i.e. alpha and beta radiation, differs from that of uncharged
particles, i.e. photons (X-rays and gamma radiation) and high-energy neutrons. The attenuation
of radiation from uncharged particles largely consists of an exponential decrease in the number
of photons or neutrons. It is not possible to determine a maximum range.

The half-value or tenth-value layer depends on the energy of the radiation and the type of matter
the radiation travels through.

Against medium-energy neutrons the half-value layer of water and concrete ranges from 6 cm
to 9 cm, and against ®°Co gamma radiation the half-value layer of water is just under 15 cm and
that of lead around 15 mm. Scattered radiation from X-rays can be attenuated to around 1 % of
the original energy by an X-ray apron with a 0.5 mm lead equivalent?.

' The lead equivalent is stated in millimetres of lead (mm Pb) and means that a specific material reduces
the energy dose to the same degree as a lead shield with the thickness of the lead equivalent.
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Table 4-3: Thickness of the epidermis (outer skin layer) and range of alpha and beta radiation
in biological tissue

Thickness of epidermis (squamous cell layer to basal cell layer)

Mean

0.07 mm (7 mg cm-2)

Variation

0.01-0.3 mm (1-30 mg cm?)

Maximum range in biological tissue

Alpha radiation

0.033-0.046 mm

Beta radiation

max. up to 20 mm

—3H ~0.01 mm
—187Cs ~2.5mm
— 13 ~ 2mm
—08r ~ 3mm
—32p ~ 9mm

4.4 Biological effects of radiation

441 Basic effects on the molecular and cellular level

In essential biomolecules, radiation causes ionisation and excitation processes that change their
molecular structure. Although the total amount of absorbed energy — even with high doses of
radiation — may be small, the fact that the energy is concentrated on small limited areas may
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still result in a number of primary and secondary processes. These processes set in motion chain
reactions on the subcellular and cellular level, affecting individual organs, organ systems and
eventually the entire body. This can have significant biological effects. Radiation can have
direct or indirect effects — an example of the latter is the creation of hydrogen radicals and
hydrogen peroxide — which result in biophysical processes on the subcellular level including
biologically significant changes of the DNA molecules carrying the genetic information that is
transferred to subsequent generations of cells. Such changes can consist of single-strand or
double-strand breaks and/or base damage (Figure 4-4).

Figure 4-4:Simplified schematic depiction of DNA damage

This DNA damage either persists or undergoes complete or incomplete repair by various repair
mechanisms. The potential consequences of these effects of radiation on the cellular level are
either premature cell death, impairment of cell growth and cell function or lasting changes to
the DNA in the gonads (genetic mutations, potentially leading to hereditary diseases in the next
generations) or in cells elsewhere in the body (somatic mutations, potentially leading to the
development of cancer).
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Table 4-4: Key parameters influencing the variability of biological effects of radiation

Key parameters influencing the variability of biological effects of radiation

Physical factors

Exposure conditions or
other specific conditions

Biological factors

Type of radiation
Beam quality, LET
Range, penetration
Absorbed dose

Dose distribution over time:

— dose rate

— dose fractionation

— total exposure period

Spatial dose distribution:

— exposed body area

— exposed tissue volume

— geometrical distribution/
depth dose distribution

— microdosimetry

Age, gender,

other factors specific to

the individual:

— tissue type

— recovery processes

— cell proliferation

— surrounding milieu

— genetic disposition

— pre-existing medical conditions

Additional parameters in cases of contamination/incorporation

Physical half-life
Activity

Physical and chemical
properties (solubility,
particle size,

type of radionuclide
bond)

Type of incorporation
(inhalation, ingestion,
percutaneous entry or entry
through open wound)
Distribution pattern

Biological half-life,

metabolic and transfer

processes

(deposition, diffusion, penetration,
absorption,

persorption, retention)

4.4.2 Radiation effects on tissues and organs

4.4.2.1 Basic information relating to radiation effects on tissues and organs

Radiation effects in living organisms are referred to as somatic if they only occur in the somatic
cells (all cells except those of the reproductive system) of the exposed organism. In contrast,
radiation effects in exposed germ cells, which can affect subsequent generations, are referred
to as genetic (hereditary) effects.

In the context of radiation protection, a distinction is also made between stochastic and
deterministic radiation effects (Figure 4-5).
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Figure 4-5: Classification of radiation effects used in the context of radiation protection

However, in some cases there is currently a lack of clarity as to whether effects are stochastic
or deterministic, for example in the case of cataracts or cardiovascular disease. While strict
classification is useful in practice for radiation protection, it may be too simple a concept to
accommodate all effects of radiation.

The probability of stochastic radiation effects occurring — including, for example, the induction
of mutations potentially resulting in tumours or hereditary effects — is dose-dependent. Still, the
severity of the damage is not. Stochastic radiation effects are always delayed: for example, they
may not manifest in the form of cancer until after a latency period of years or decades.

When looking at causality, it must be taken into account that the dose-risk curves relating to the
cancer risk from radiation and used to calculate the corresponding risk coefficients were drawn
up using epidemiological data and not biological findings. The epidemiological data are based
primarily on studies on survivors of the atom bombs dropped on Hiroshima and Nagasaki,
radiotherapy patients and occupationally exposed people. A significant proportion — if not all —
of the people in these study groups had been exposed to medium to high radiation doses
(> 0.1 Sv). In the context of radiation protection, the stochastic risk from radiation in medium
(0.1 Sv to 1 Sv) to high (> 1 Sv) doses is linearly extrapolated — under the assumption that there
is no threshold dose — to arrive at the risk from low-dose radiation (<0.1 Sv)*? relevant to
radiation protection (Figure 4-6A).

12 Doses were classified as low, medium and high according to [UNSCEAR 2012 Annex A: Attributing
health effects to ionizing radiation exposure and inferring risks. In: Sources, effects and risks of
ionizing radiation, New York: United Nations, 2012, p. 17-90].



Radiation emergency medicine — Handbook for medical care and training 40

Figure 4-6: A) The LNT model for stochastic effects and the threshold-dose model for
deterministic effects. B) Enlargement of the section showing low-dose stochastic
effects below about 100 mSv to show the possible curve characteristics based on
the biological mechanisms. The straight line represents the assumed LNT model,
broken lines represent schematically possible alternative dose-effect
relationships.

It should be noted that the straight line through the origin of the coordinates is based on a
convention (linear non-threshold, LNT). However, it is very difficult to determine direct data
on the dose-effect relationships in the low dose region, due to the high variability of
spontaneously occurring events. Determining the risk from exposure to low-dose radiation is
thus only possible based on the extrapolation outlined above and consequently is prone to
significant uncertainty. This becomes especially apparent when we consider that the known
biological mechanisms can produce completely different curves (Figure 4-6B).

The only effects of low-dose radiation are stochastic effects with corresponding somatic
consequences such as cancer or, in rare cases, genetic consequences in the form of hereditary
diseases. These conditions may therefore also be caused by exposure to natural radiation
sources.
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The quantitative variability of natural radiation, which depends on lifestyle and place of
residence (average annual effective dose in Germany is about 2 mSv) is very important for the
assessment of additional radiation exposures. Life on earth has developed in an environment of
constant exposure to natural radiation.

The situation is different for deterministic radiation effects because the type and severity of
their impact on health is dependent on the dose. Clinical manifestations are only expected when
doses exceed a certain level (dose threshold). For deterministic effects to occur, it is essential
for a large number of cells to die or stop functioning correctly, which only occurs at doses
higher than 0.5 Gy to 1 Gy. Deterministic radiation effects include acute radiation syndrome
(ARS) after whole-body exposure (see chapter 8) and acute tissue reactions after partial-body
exposure to high dose radiation, for example acute radiodermatitis or radiation pneumonitis.

There are also chronic or late-onset deterministic radiation effects such as chronic skin
conditions (chronic radiodermatitis) and fibrosis of various organs due to radiation exposure.
These can occur after latency periods of several years or even decades, with the result that late-
onset deterministic effects and stochastic radiation effects overlap.
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Table 4-5: Threshold doses for selected medical conditions following acute exposure to
radiation (according to ICRP 1991, 2012, UNSCEAR 1993)

Type of Type of radiation effect Threshold dose in Gy for
exposure low-LET radiation
Whole-body — Bone marrow damage with clinically significant approx. 0.5
exposure impairment of blood cell production
— Acute radiation syndrome approx. 1
Partial-body — Hair loss (after about 3 weeks)
exposure Transient >4
Permanent approx. 10
Skin erythema and peeling (desquamation) 3-5
(after about 2 to 4 weeks)
— Moist epitheliolysis and skin ulcers 10-20
— Radiodermatitis with blister formation approx. 20
(after about 1 month)
— Skin necrosis > 50
— Fibrosis/necrosis of the bladder 15
— Impairment of sperm production 0.1

— Permanent infertility

Male 3.5-6
Female * 2.5-6
— Cataracts 0.5"

(takes years to manifest after radiation damage)

Threshold doses for skin damage according to (Arndt 1995, Wagner et al. 1994)
* Dependent on age
™ Nominal threshold dose’®  according to ICRP 118 (ICRP 2012)

Threshold doses for some deterministic effects are shown in Table 4-5. Radiation accidents can
expose people to such doses or even higher levels.

13 This figure is obtained from an estimate that fewer than 1 % of persons exposed to a radiation dose of
below 0.5 Gy went on to develop radiation-induced cataracts.
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4.4.2.2 Specific information on effects on the gonads, embryo/fetus and ocular lens
Deterministic radiation effects on the gonads

The detrimental effects of ionising radiation on male and female fertility have been proven in
numerous studies in various animal species, and these findings have been confirmed by
observations in humans.

In males: a temporary and partial lowering of sperm counts can already occur at doses of 0.1 Gy.
Higher doses can permanently cease sperm production (Table 4-5).

In females: during the initial stages of their development in the fetus, eggs are extremely
sensitive to radiation, whereas primary and secondary oocytes (later development stages) are
less so. However, the granulosa cells — specialised cells inside the follicles which are present
after puberty — are again extremely sensitive to radiation, especially during proliferation. These
cells are critical for supporting the developing oocyte until it is fertilised. Since the number of
follicles decreases continuously with advancing age, impairment of fertility and hormone
production due to exposure to ionising radiation becomes more severe with age.

Radiation effects on the embryo/fetus

The extent, type and severity of effects of ionising radiation on the human embryo or fetus are
critically dependent on the stage of intrauterine development at the time of exposure and the
radiation dose to which the unborn child is exposed (ICRP 2003, SSK 1989).

Embryonic cells are especially sensitive to radiation during the pre-implantation stage, i.e.
before the egg is embedded in the uterine wall (during the first ten days of pregnancy from the
day of conception). In most cases, exposure to radiation within this period is lethal, in other
words the embryo dies and the embryonic cells are resorbed.

During the period in which most of the organs are formed (up until the end of the 7th week of
gestation), exposure to radiation (between 100 mGy and 200 mGy) can cause various forms of
malformation. In most cases these are skeletal deformities, mainly of the skull. In humans, these
effects are relatively rare even after exposure to high doses.

The second phase of pregnancy, the fetal stage of development (from about the 8th week of
gestation), is the period of body and organ growth. Exposure to radiation during this phase does
not lead to malformations but mainly to growth restriction. It should be noted, however, that
cerebral cortex formation predominantly takes place during this stage. Hence, the brain is highly
radiosensitive between week 8 and 15 of gestation and also, to a lesser degree, between week
16 and 25. Exposure during this time is thus more likely to result in severe mental or learning
disabilities.

Another important aspect is the vulnerability of the unborn child with respect to radiation
exposure triggering tumours that then become manifest during childhood. According to a
review article (Doll and Wakeford 1997) there are indications that the incidence of childhood
malignant tumours, in particular leukaemia, may increase after exposure to radiation during
pregnancy at doses of as low as 10 mSv.
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Radiation effects on the ocular lens

In its publication 118 (ICRP 2012), the ICRP suggested a nominal threshold dose for the
development of cataracts of 0.5 Gy. However, it is not clear at present whether such a threshold
dose exists because the exact mechanism by which radiation exposure causes cataracts is still
unknown (Ainsbury et al. 2016). The latency period depends on the radiation dose and other
factors such as age, but it is at least six months and may be up to two years. Cataract surgery is
a routine procedure today, making the consequences of radiation cataracts for individuals’ lives
less serious. Nevertheless, the original occupational exposure limit for the ocular lens was
lowered from 150 mSv per calendar year to 20 mSv.
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B Medical and psychosocial care

5 Pre-clinical measures
5.1 Rescue efforts and pre-clinical triage

The procedure during the initial rescue effort is the same as in any other emergency or disaster
situation, with emergency personnel always following self-protection considerations (see also
chapter 12).

The accident scenarios described in chapter 3 sometimes affect large numbers of people (even
leading to mass casualty incidents, MCIs!#). These include accidents in nuclear installations,
accidents involving radioactive sources, terrorist activity or in cases of tension or national
defence. However, accidents in nuclear facilities, transport accidents, accidents with radioactive
sources, or the crash of a satellite containing radionuclide batteries may also affect just a few
individuals.

Small number of persons affected

If there is any suspicion of increased levels of radioactivity, the danger zone must be
immediately evacuated, and if necessary, the responsible radiation protection officer must be
informed. Anyone injured must be removed from the area, while rescuers must always consider
their own safety.

Well-documented records of individual radiation exposure/medical examinations and, if
necessary, blood tests help to assess the severity and extent of radiation exposure and facilitate
any further management measures relating to decontamination, transport and treatment options.

Data on the following radiation exposure parameters should be collected and documented
promptly:

— Radiation source, type of radiation, energy, intensity, activity, type of device etc.
— Radiation field (type and amount of shielding, scatter, and secondary radiation)

14 see BBK (Federal Office of Civil Protection and Disaster Assistance) glossary (in German) — Selected
key terms used in civil protection: MCI: an emergency situation involving a large number of injured
persons as well as other persons harmed or affected which requires special planning and organisational
measures because it cannot be managed using available and deployable resources necessary for pre-
clinical and clinical interventions.
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— Distance and position of exposed persons relative to the radiation source
— Duration of exposure, dose distribution on body surface

— If available, type of dosimeter and location of dosimeter on the body

— Ifavailable, personal dose, estimate of whole-body dose

In case of contamination and incorporation, data on these additional parameters must be
collected:

— Type of nuclide and its properties
— Chemical compound and solubility
— Contaminated part of the body

— Area of contamination (in cm?)

— Activity per unit area

— Nuclide composition

— Resulting skin doses

— If applicable, incorporation mechanisms

Mass casualty incidents

The following has been extracted from the recommendations of the 7th and 8th conferences on
triage of the Federal Office of Civil Protection and Disaster Assistance (BBK) (BBK 2017,
2019). Where appropriate, the details have been adapted to account for the special requirements
encountered in radiation accidents.

Triage process

The triage process is a standardised set of procedures aimed at determining medical treatment
priorities in situations where it is initially not possible to provide medical treatment for patients
on an individual basis.

15 Chemical, biological, radiological and nuclear
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This implies that in some situations with large numbers of affected individuals and where
decontamination measures are necessary, procedures will differ from usual practice.

The different stages of this process are initial assessment, pre-triage and triage. The outcome of
each of these stages contributes to tactical decision-making.

Figure 5-1:  Stages of the triage process

The initial assessment entails emergency personnel in the field gaining a first impression of
the situation during a short first-glance inspection. It includes an estimate of the number of
people exposed and a risk analysis, which serve as a basis for a status report to a higher-ranking
authority.

Pre-triage is a standardised procedure consisting of physicians or specially trained response
personnel who are first at the scene assessing the medical condition of affected individuals. It
is followed by triage by physicians.

Triage is a dynamic process and requires regular re-evaluation. During this stage everyone —
including any exposed persons who have not yet undergone pre-triage — is triaged, tagged,
registered and documented.
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The triage process involves categorising patients according to the urgency with which they
need medical treatment. Patients are then assigned tags in different colours, as shown in Figure
5-2.

o I . Life-threatening condition Immediate treatment
=
g}
E 1I Severe injury/symptoms Urgent treatment
=
go 111 Minor injury/symptoms Non-urgent treatment
—
[1+]
© v . No chance of survival Palliative care
v
&
5 K Contaminated person Decontamination measures
-
o) B Other affected persons Subportive care
(not contaminated) pp

Additional tagging is possible.

Figure 5-2: Classification of affected persons according to triage category and colour of tags
according to (BBK 2019)

Structured medical interventions and if necessary decontamination generally start with
removing the patient from the danger zone. In the event of accidents in nuclear installations,
patients are taken to the emergency care centre (see chapter 17).

5.2 Life-saving emergency measures to deliver first aid to radiation
emergency patients

Rescuing the patient quickly, i.e. removing the patient from the danger zone, is the first priority.

After an initial medical examination it may be necessary to carry out a trauma check and
immediate life-saving resuscitation measures according to the c-ABCDE rule. The letters stand

for
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critical bleeding

Airway — e.g. airway obstruction, cervical spine injuries

c:
A

— B: Breathing — respiratory dysfunction
C: Circulation — cardiovascular dysfunction
D

Disability — central nervous system dysfunction
— E: Exposure —e.g. to cold weather

The most recent recommendations of the Federal Association of First Aid Providers
(Bundesarbeitsgemeinschaft Erste Hilfe) or the German Social Accident Insurance (Deutsche
Gesetzlichen Unfallversicherung, DGUV) provide guidelines on the correct way to carry out
first aid and medical emergency interventions. The most recent standard resuscitation
procedures are described in the European Resuscitation Council Guidelines (Olasveengen et al.
2021).

If the dose rate in the irradiated area is high, it may be necessary to rescue casualties
immediately, provided adequate radiation protection measures are in place. To ensure self-
preservation (and protect the casualty), emergency personnel should not undertake extended
medical interventions in high-dose areas, as far as possible.

Other medical interventions are the same as in first aid scenarios that do not involve radiation
exposure, including for example positioning, administering of drugs, inserting intravenous lines
and applying dressings. Their objective is to prevent medical complications and a deterioration
of the patient’s condition, to alleviate pain and to make the patient fit for transport.

Compared to conventional accidents, radiation accidents require the medical emergency team
to follow a number of special procedures unless the patient’s condition requires immediate life-
saving interventions:

1) Information about the radiation source and the type of exposure

Emergency personnel must pass on information about the radiation source and type of exposure
to the medical team responsible for further treatment if this information is available or can be
collected without delay.

2) Rough decontamination

In connection with life-saving first-aid measures it is sometimes necessary to carry out rough
decontamination (also called field decontamination):

— Fitaparticle filtering half mask (FFP mask, if possible with exhalation valve) to persons
suspected of being contaminated before their clothing is removed.

— Remove contaminated clothing (if necessary cut it off).
— Make open wounds watertight using self-adhesive dressings.
— Decontamination measures should be carried out by trained personnel.
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— Carry out rough decontamination of the skin by washing with lukewarm water before
the patient is transported, as far as this is possible and justifiable from a medical point
of view.

— Check patients for potential hypothermia and keep them warm using a change of clothes
or emergency blankets. Beware of overheating. Do not use plastic sheets.

For details on expert decontamination, see chapter 6.

3) Initial treatment of wounds (see also section 6.7)

In all contaminated wounds, until incorporation measurements have been taken it must be
assumed that there has been an incorporation of radioactive substances.

— Wounds should be rinsed using sterile saline or sterile electrolyte solutions, or if these
are not available, tap water (spot decontamination).

— Open wounds should be made as watertight as possible using dressings/bandages to
prevent incorporation due to subsequent decontamination of the skin around the wound.

— The spread of radioactivity from a contaminated wound can be mitigated by
immobilising the affected part of the body.

— Depending on which type of radionuclide has been incorporated, it may be useful to
administer an antidote quickly (see also section 7.2).

These measures also help with getting the patient ready for transport (see chapter 13).
4) Monitoring contamination

Assistance from trained personnel is needed for contamination monitoring. Radiation
measurements should only be carried out if they do not delay essential life-saving emergency
interventions.
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6 Decontamination measures

Whatever form the contamination takes, the aim must be to achieve adequate and if possible
complete decontamination, not least to prevent potential subsequent or late-onset damage
(spread, tissue damage, development of cancer).

The organisational makeup of decontamination measures depends on the context. It will differ
significantly in the case of an occupational accident in a company where radioactive substances
are used compared to the aftermath of an attack with ionising radiation. This is why it is only
possible to list basic principles of treatment which then must be adapted to the individual
situation.

6.1 Measuring contamination

Appropriate monitoring devices are needed to detect a potential contamination, for example:

— Scintillation detectors (CoMo 170 Zs, Nuvia, purchased in large numbers for emergency
preparedness and response)

— Gas-filled detectors with Geiger-Miiller tubes
— Solid state detectors

It is impossible to determine the severity and extent of body surface contamination without
using devices such as these. Measurements should be carried out by trained personnel using
suitable measuring instruments. When accidents occur in an occupational setting there is often
a responsible officer on site who is authorised to carry out the necessary measurements. Suitable
measuring instruments are also available from emergency response providers such as the fire
service, at nuclear medicine departments and at official agencies.

Measurement must be carried out systematically by slowly moving the detector across the
relevant area (Figure 6-1). If the result is positive for a person wearing clothes, their clothes
must be removed and the measurement repeated. Should the result still be positive,
decontamination is required. It should be as targeted as possible — whole-body decontamination
is not usually necessary. For details on the need for internal dosimetry, see section 11.3.
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Figure 6-1:Technique for monitoring personal contamination. The arrows indicate the
direction in which to move the detector.

The decision on whether to carry out decontamination, and which method to be used, depends
on the severity and extent of the contamination (see section 6.5).

6.2 Operational intervention levels for decontamination measures

The level of contamination at which a person requires decontamination depends on the
regulatory conditions and practical circumstances under which the person is given treatment.
Consequently, different regulations and recommendations are applied to determine the
operational intervention levels (Table 6-1, Table 6-2). The lower the threshold or guideline
levels for the dose received by the affected person, but also the more time and personnel
available to care for and treat individuals, the lower the operational intervention levels that
trigger personal decontamination.

In the case of planned exposure situations decontamination is carried out mainly with the aim
of optimisation. Acute damage is not to be expected at such levels, nor, as a rule, is long-term
damage. If the level of contamination is below these operational intervention levels,
decontamination is unnecessary. On the other hand, after a significant large-scale release of
radioactive substances resulting in an emergency situation with potentially large numbers of
exposed people, a lack of capacity may make it impossible to comply with such low operational
intervention levels with reference to skin contamination. In these cases the objective of
decontamination measures is to prevent acute radiation damage and mitigate potential
stochastic effects. However, measuring skin contamination must never delay life-saving
medical interventions that may require immediate action.
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Table 6-2 shows count rate threshold values applicable to large-area contamination detectors,
usually with a detector area of around 170 cm?. If other types of detector are used, especially
those with a significantly smaller detector area, this must be taken into account when calculating
the count rate threshold values from the operational intervention levels for skin doses.

The German Social Accident Insurance has a data entry sheet for recording details in
standardised form (Annex A3-1) in incidents with small numbers of affected people. For
incidents with large numbers of affected people, the emergency care centre data entry sheet is
used (Annex A3-2).
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Table 6-1: Application of legal frameworks in various exposure situations

c. Local emergency

Definition Applicable limits, reference levels and operational
intervention levels
Planned Basis: Limits for public exposure |- Effective dose 1 mSv a?
exposure planned activity (section 80 StrISchG) - Equivalent dose
situation Can be resolved using —Lens of the eye 15mSv a*!
(section pre-planned measures —Local skin dose 50 mSv a!
5(26) Corresponds to an
StriSchG) incident as defined in || imits for occupationally  |-Effective dose 20 mSv a'!
section 1(22) StrISchV | exposed persons -Effective dose in individual
(section 78 StrlSchG) cases up to 50 mSv a!
-Limits for the equivalent dose
(section 78(2) StrISchG), for
persons under 18 years of age
(section 78(3) StrISchG), for
pre-menopausal and pregnant
women (section 78(4)
StrISchG)
Emergency |Significant deleterious | Reference levels for Dose reference levels
exposure effects on people, the |emergency workers corresponding to limits for
situation environment or (section 114 StrISchG) occupationally exposed persons
(section 5(26) | property - Intervention in order to protect
StrISchG) a. Supra-regional life or human health6
emergency —Effective dose of 100 mSv
b. Regional should not be exceeded if
emergency possible

- Intervention in order to save
life, prevent serious radiation-
induced health effects or
prevent or respond to a
disasterl”

—Effective dose of 250 mSv
should not be exceeded if
possible

—Command and control post
may stipulate an increased
reference level of 500 mSv

For the population:
Emergency Dose
Regulation (NDWV)
General Emergency
Response Plan (ANoPI)

Tiered guideline doses and
derived operational intervention
levels (OILs) depending on
protection measure, e.g. an
effective dose of 10 mSv over
seven days (on the assumption
people are constantly outdoors)
will trigger people being asked
to stay indoors

16 Emergency workers must be adequately informed, prior to the respective emergency response action,
about the associated health risks and the protective and monitoring measures to be taken
(section 114(2) StrlSchG).

7 These interventions may only be undertaken by volunteers who have been informed of the possibility
of such exposure prior to the intervention in question (section 114(3) StrISchG).
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Special
situation:
emergency
care centre
General
guidelines for
emergency

Incidents with
potential

contamination of large

numbers of people
(general population
and emergency
personnel)

See emergency exposure

care centres
(Rahmenempf
ehlung
Notfallstation
RE-NFS)

See emergency exposure

Table 6-2: Application of threshold values when carrying out decontamination of people

Regulatory basis for
determination of individual
threshold values

Threshold values triggering
decontamination

Planned exposure
situation

Section 57(2,3) in connection
with annex 4/table 1/column 5

Alpha: 1 cps
Beta/gamma: 30 cps (note: requirement for

exposure situation
(section 5(26)
StrISchG)

Operational intervention levels
for measures to protect the
population against incidents
involving releases of
radionuclides (SSK 2019a),
Table 5.7

(section 5(26) StrlSchv mitigation even below dose limits)
StrISchG)
(Below this level, high probability of alpha <
0.1 Bqcm2 beta/gamma < 1 Bgcm2)
Emergency SSK Recommendation: Alpha: 300 cps

Beta/gamma: 6000 cps

(Below this level: alpha < 10 Bgcm?,
beta/gamma < 100 Bq cm2)

Special situation:
emergency care
centre

General guidelines
for emergency care
centres
(Rahmenempfehlung
Notfallstation RE-
NFS)

SSK  statement:
relating to
operation of
emergency units (SSK 2014a),
Table 1

Questions
the set-up and

Higher threshold values for decontamination
than under emergency exposure situation,
see table in Annex A4

6.3

General information on the decontamination of people

First of all it should be emphasised that precautionary measures to prevent or mitigate
contamination are always the best protection. In general, healthy skin provides good protection
against percutaneous incorporation of radioactive substances. Potentially contaminated
radiation emergency patients should be treated according to a systematic step-by-step protocol
as depicted in Figure 6-2.



Radiation emergency medicine — Handbook for medical care and training

56

Danger to life

yes no
Life-saving first-aid Rough initial
measures measurement
(e.g.
l contamination
monitor)
Individual I
measurement as guide
Contaminated
no
Immediate decontamination
no
l yes
——————— > Decontamination
pot
enti v
ally Measure residual
contamination
] — no
Residual contamination
-------------------------- yes
v v
Immediate Systemic decorporation Subsequent
transfer for treatment? care
further Wound monitoring? Follow-up
medical Subsequent treatment examination
treatment Follow-up examination after after acute

acute phase

phase

Figure 6-2: Treatment of contaminated radiation emergency patients

Systematic decontamination comprises the following steps, which must be practised in regular

training sessions (see 6.5 and Annexes A2-1 and A2-3):

1. Remove contaminated clothing.

2. Carefully wash the contaminated area without damaging the skin, using — if available

— skin-friendly liquid soap buffered to a weakly acidic pH.

3. Prevent the spread of contamination.

4. Prevent secondary incorporation.

Provide psychosocial treatment and care from the start.



Radiation emergency medicine — Handbook for medical care and training 57

If individual decontamination is not possible because of the large number of people affected
(mass casualty incident, MCI), the following recommendations for self-decontamination should
be distributed:

— Do not eat, drink or smoke before starting decontamination.
— Return to your own home immediately.
— Take off your shoes before entering.

— Leave potentially contaminated clothing outside the living quarters (put shoes and
clothes into a labelled plastic bag).

— Wash all parts of the body that were not covered by clothing (hands, face, neck, hair) —
be careful to avoid contamination of mucous membranes (inside the mouth, nose and
eyelids) with contaminated water (risk of incorporation).

— Take a shower immediately afterwards, including washing your hair.
— Put on fresh, non-contaminated clothes.

Especially when large numbers of people need decontamination, psychosocial care constitutes
a major challenge. In such cases, support from crisis intervention experts specially trained in
dealing with radiation emergencies should be called in at an early stage (see also chapter 9)
(SSK 2017a, 2017b).

6.4 Preparation of decontamination measures

After a rough estimate of the number of people who need decontamination, the triage process
begins. Initial triage serves to identify patients who need immediate medical treatment, assess
their level of contamination and minimise the risk of incorporation.

A suitable decontamination facility must be chosen or set up from scratch. The facility must be
located outside the contaminated area. Prevention of cross-contamination or recontamination is
paramount. It is important that the process of decontamination is well organised in terms of
people flow. Sufficient quantities of containers for contaminated waste such as used
decontamination agents and waste water must be provided. The same applies to containers for
personalised and safe storage of contaminated clothing or other personal possessions.
Conditions in the waiting zone must ensure that people do not get too cold, for instance by
providing sufficient replacement clothing and maintaining decontamination agents at a
comfortable temperature (warm water).

Each person must be registered. Contamination monitoring is obligatory and details must be
documented, specifying the parts of the body contaminated. The decision on whether or not to
proceed with decontamination must be based on transparent criteria. Individuals in need of
assistance must be supported. Social, cultural and gender-specific requirements should be
respected. All persons must be informed about any further procedures and be given plastic bags
with personalised labels for valuable items.

Eating, drinking or smoking is not permitted in the waiting zone. Hand-to-mouth contact must
be avoided to prevent incorporation. Wet wipes can be used for rough decontamination of the
face. Rinsing with water or rinsing agents gets rid of contamination in the mouth. To estimate
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the extent of incorporation and for documentation purposes, nasal secretion, saliva and facial
swab samples should be collected and stored, if possible.

6.5 Procedure for decontaminating individuals

To prevent the incorporation of radioactive substances, the recommended sequence for
decontamination is: wounds — orifices — intact skin. Contaminated areas should be cleaned
by wiping from the centre outwards. If necessary, use protective covers for uncontaminated
parts of the body.

While carrying out decontamination, personnel should wear dosimeters, a protective suit,
gloves, appropriate protective masks/apparatus (at least FFP2-standard masks) and protective
goggles to prevent incorporation of radionuclides. Provided self-protection rules are complied
with, the risk for personnel from contaminated persons is usually negligible.

— Begin decontamination as soon as possible. Give contaminated individuals face masks
(at least FFP2) and safety-goggles.

— Emergency workers should actively assist individuals in removing their clothes to
prevent the dispersion of radioactive substances, as far as possible. If necessary, close-
fitting clothes may have to be cut off. The removal of contaminated clothes on its own
reduces contamination by 90 % (Annexes A2-1 and A2-3).

— Put contaminated clothing in individually labelled plastic bags and store the bags at a
suitable location (no movement of people) until the contents can be examined further.

— In cases of proven skin contamination with radionuclides, washing the affected area
with (ideally) lukewarm water is a suitable method of decontamination. To prevent
secondary aerosolisation of radioactive particles, use a soft shower jet to rinse the skin.

— If available, soap, non-alkaline liquid soap or other detergents (e.g. washing-up liquid)
can be used to help remove any particles from the skin. The use of mildly abrasive
cleansing agents may also be considered.

— Decontamination should be targeted, and limited to exposed areas of the skin that were
not shielded by a dense layer of clothing (e.g. head and hands) (spot decontamination).

— Spot decontamination can also be carried out by wiping contaminated areas with wet-
wipes, using circular movements. Dispose of the wet-wipes separately.

— A potential alternative in cases where contamination is limited to a small skin area is
dry decontamination. This involves using adhesive/absorbent material to remove
particles from the upper flaky layer (squamous cells) of contaminated skin.



Radiation emergency medicine — Handbook for medical care and training 59

In specific circumstances, for instance if limited areas of skin are contaminated after an
incident in a nuclear medicine facility, decontamination measures can be supplemented
by local application of nuclide-specific complexing agents with EDTA or DTPA or of
potassium iodine compounds in the event of contamination with radioactive iodine.

If radiation measurements indicate diffuse or generalised contamination, affected
individuals should take a shower, rinsing the entire body surface.

Whichever personal decontamination measures are carried out, the overriding priority
Is preserving the natural barrier function of the skin and preventing secondary spread of
the contamination or incorporation.

Decontamination efforts must be stopped if the skin starts to redden, at the latest. Under no
circumstances must intact skin be injured by these efforts since this will impair its natural
barrier function. Once decontaminated, the skin should be dried (by dabbing, not by rubbing)
using absorbent material. After each decontamination procedure, radiation measurements must
be taken again and the results documented.

When the measurements show that decontamination is complete, skin creams or lotions should
be applied to the skin.

Decontamination of specific body parts:

Hair should be washed by a helper who is wearing gloves. The head should be tilted
backwards and the hair rinsed thoroughly but carefully so as not to allow contaminated
water to come into contact with the face or enter the ears. To prevent water from entering
the ear canal, block the ears with (e.g.) cotton wool balls coated with petroleum jelly.
Before drying the hair, it is advisable to check radiation levels again with a detector
(special vigilance is needed when alpha radiation is involved). If there would be a
significant benefit to cutting off contaminated hair rather than washing it or if
insufficient capacity for washing is available, this should be discussed and agreed upon
with the affected individuals as soon as possible.

Rinse the eyes using suitable rinsing liquids, starting from the inner corner of the eye
and working outwards.

Remove contamination from inside the mouth by thoroughly rinsing with water and
from inside the nose by blowing the nose.

Rinsing with water or dabbing with wet cotton buds removes contamination from inside
the ear canal.

If possible, fluid from rinsing, body secretions or mucosa swab samples should be stored
to be checked for radiation later.

If contaminated material has been detected in skin folds, the nail bed or under the
fingernails it must be removed in a targeted fashion using simple devices such as nail
cleaners, soft nail brushes or sticky tape.
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Every decontamination procedure for an individual must always include a careful assessment
of whether further measures are necessary to detect potential incorporation (see section 11.3).

6.6 Procedure in the event of residual contamination

If a specific decontamination measure has initially been unsuccessful it may be repeated.
Individuals must be monitored to determine the decontamination effect in each case. It is
important to remember that intensive decontamination efforts may themselves damage the skin
and facilitate incorporation.

Decontamination can be stopped if the decontamination effect is less than 10 % and the residual
activity per unit area is below 10 Bqcm™ (see Table 6-2) (averaged over 100 cm? in cases of
contamination with beta or gamma radiation mainly spread evenly across the entire surface
area).

However, if the decontamination effect is less than 10 % but the residual activity per unit area
remains higher than 10 Bq cm™, experts in radiation emergency management and radiation
emergency physicians should be consulted to provide an estimate of the skin dose and decide
on further decontamination measures. These may include the use of complexing agents or
abrasive cleaning methods.

Findings must be recorded on a special data sheet (template for emergencies with small numbers
of casualties see Annex A3-1, template for emergencies with large numbers of casualties see
Annex A3-2).

6.7 Measures for patients with contaminated wounds

Combination injuries, i.e. radioactive contamination in combination with conventional injuries,
and in particular contaminated open wounds, present a particular challenge for emergency
response teams (Annex A2-2). In such cases the treatment of any conventional injury that is
life-threatening or potentially life-changing always takes precedence. Decontamination
measures must not delay necessary emergency treatment interventions. Transport to a treatment
facility must be ensured. Consequently it may only be possible to apply rough decontamination
measures (removal of contaminated clothing) or to carry out decontamination in parallel with
life-saving interventions aimed at stabilising the patient.

The risk of incorporation increases when open wounds are acquired in situations of exposure to
unsealed radioactive substances. Such wounds must generally be regarded as contaminated
until proved otherwise by radiation measurements. Measuring contamination roughly and
quickly is sufficient to detect high contamination levels as an initial guide. First-aid measures
include covering the wound with sterile dressings (if necessary soaked in a solution of
Ca(DTPA), which binds various heavy metal ions; recommended amount: 3 g to 4 g, i.e. three
to four vials of undiluted 25 % Ca(DTPA)).

Incidents involving explosions can result in multiple injuries from large numbers of fragments
or particles (secondary explosion injuries). In such cases careful inspection of each individual
minor wound may not be feasible. Nevertheless, all areas where wounds are present should be
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measured for contamination, with the highest measured activity per unit area constituting the
conservative basis for further calculations. To arrive at a preliminary estimate of total exposure
(disseminated activity) and for potential subsequent calculations of internal doses following
radionuclide absorption, the highest measured activity/area can be multiplied by the total area
where wounds are present, calculated according to the rule of nines used in estimating the extent
of burns (Sefrin and Schua 2012).

Procedure in cases of confirmed wound contamination

While healthy skin generally provides a good natural barrier against the incorporation of
radionuclides, open wounds may allow radionuclides to enter the body quickly. Safe and timely
wound decontamination reduces the committed dose in the person concerned. The following
pragmatic approach is recommended:

— Clarify indication for urgent surgical intervention.

—  Quickly decontaminate the skin surrounding the wound with wet wipes (wiping away
from the wound).

— Seal the edges of the wound with adhesive dressings.

— Carry out (careful) wet decontamination of the wound, for example by spray
decontamination; use sterile saline, or alternatively water.

— Change gloves as soon as there is any possibility of recontamination.

— Collect the used rinsing solution and contaminated material (wipes, dressings,
gloves, ...) in a sealed container labelled accordingly; if necessary use absorbent
material to catch contaminated fluids.

—  Cover the wound.
— Remove the adhesive dressing from around it.

— Evaluate/measure contamination again (if alpha radiation is involved, dry the wound
first).

— Repeat if necessary.
— Look for foreign bodies.
— If necessary, carry out simple debridement or even surgical debridement procedures.

Whether surgical intervention is indicated largely depends on the radioactive substance that has
been incorporated through the wound and on the nature of the wound. A combination of local
and general treatment may be necessary in cases that involve readily soluble radioactive
substances that are quickly absorbed into the body and transported inside the body in dissolved
form. In contrast, in cases of contamination with poorly soluble radionuclides, surgical
treatment must be considered, which sometimes involves the excision of heavily contaminated
tissue. As a general principle, it is more important to preserve the appearance of a person and
the function and structure of organs than to aim for the complete removal of the contamination.
This does not apply to individual cases in which harmful deterministic effects on health are
expected due to long-term effects of the incorporated radioactive substances.

If there are doubts as to whether the attempts to decontaminate the wound have been completely
successful, the wound may again, as described above, be covered with dressings, if necessary
soaked in chelating agents (e.g. Ca(DTPA)) that are specific for the radionuclide involved.

If wounds are heavily contaminated with soil etc., basic principles of wound management must
be applied, such as tetanus vaccination or antibiotic treatment. After undergoing treatment
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(including surgical treatment) of wounds contaminated with radioactive substances, patients
must be particularly closely monitored by a specialist surgeon because there may be an
increased risk of impaired wound healing.

Depending on the type of radionuclide that may have been incorporated, urine (collected over
24 hours) and stool samples as well as any tissue that may have been excised must be collected
and preserved in all cases of significant wound contamination. These can be taken to a facility
where suitable radiation detectors are available to identify any intake of radioactivity.
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7 Decorporation therapy

Decorporation therapy is used to reduce the radiation dose received by a patient as a result of
incorporation. If it can be assumed that an appreciable or significant incorporation of
radionuclides has taken place, systemic decorporation treatment should be started without delay
(if possible within two hours). There are no universal decorporation agents, so it is necessary
to first identify the radionuclide in question and then target decorporation treatment specifically
to that radionuclide.

The procedure primarily depends on the scenario and the radiological circumstances. The
treatment should be managed by an interdisciplinary team, which should include dosimetry
experts and clinical pharmacologists/toxicologists.

After accidents involving just one or a small number of potentially contaminated persons in
locations where specific radionuclides with known chemical structures and physicochemical
properties are used (nuclear facilities or radiochemical laboratories), the exposure scenario and
radiological circumstances are relatively clear; the radiation emergency physician in charge can
give the affected individuals targeted treatment. Treatment may consist of unspecific measures
as well as the targeted use of specific pharmaceutical agents at an early stage.

The situation is completely different in incidents affecting a large number of potentially
contaminated people, such as a serious accident at a nuclear power plant or a terrorist attack.
An additional difficulty in the latter case is a lack of adequate information on the type of
radionuclide incorporated, its chemical structure and physicochemical properties and the
associated doses. It will take some time until a sufficiently accurate understanding of the
situation can be gained and physicians with expert knowledge of radiation emergency
management arrive on the scene. In such cases decorporation treatment is usually limited to
implementing unspecific measures.

Once dose estimates (estimated 50-year committed effective dose (Eso) for adults) are available,
decisions on intervention can be based on the following operational intervention levels:

— Estimated committed dose (Eso) <20 mSv: no decorporation.
— Estimated committed dose (Eso) =20 mSv to 200 mSv: case-by-case decision.
— Estimated committed dose (Eso) > 200 mSv: decorporation treatment.

— Lower threshold values apply to children, where a 70-year committed dose of around
20 mSyv is already an indication to start decorporation treatment.

Detailed diagnostic procedures including an estimate of the committed dose, are necessary
before the decision to end treatment is made.

7.1 Unspecific decorporation measures

These measures are typically also used to treat cases of poisoning and can be employed by any
physician, even those without expert knowledge of radiation emergency management.
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However, the effectiveness and side effects of some of the general measures that have been
used in the past are the subject of controversial debate in expert literature. In cases of
incorporation via the gastrointestinal tract, pharmaceuticals that speed up the passage of food
through the intestines as well as substances that reduce absorption (e.g. charcoal) should be
considered. The use of emetics is no longer recommended, and stomach irrigation, which was
commonly used in the past, should only be considered within a narrow time-frame shortly after
incorporation and if large amounts of radioactive substances have been ingested. For those
radioactive substances that are excreted through the kidneys, excretion can be speeded up by
sufficient and if necessary increased intake of fluids. Once the patient has reached hospital,
more sophisticated procedures such as gastroscopic removal, bronchoalveolar lavage, forced
diuresis or surgical interventions may be indicated if the patient has ingested large amounts of
radioactive material, detailed information about the accident is available, not too much time has
elapsed since the accident and the treatment team has detailed knowledge of the invasive
techniques needed.

7.2  Specific decorporation measures

Pharmaceutical decorporation treatment using the small number of drugs that are designated
(and licensed) for this purpose falls under the responsibility of physicians and requires
knowledge of radiation emergency management. The sooner treatment is started, the more
effective it will be. Patients may have to be treated over a long period and must be carefully
monitored in terms of their health status and laboratory parameters. Contraindications and side
effects of the drugs must be taken into account and special caution is necessary when
decorporation treatment is considered for pregnant women or children and adolescents.

The list below is an abbreviated overview of the properties of the drugs that are most likely to
be used by physicians in radiation emergency situations. This list cannot replace information to
be found in the relevant specialist literature. Information on thyroid blocking using potassium
iodide can also be found in the SSK leaflets on iodine use (SSK 2019a) (see also:
www.iodblockade.de).

In the case of suspected radionuclide incorporation starting treatment as early as possible
(within hours or at most days) is particularly essential since any delay reduces the effectiveness
of decorporation, and the reduction can be only partially compensated by extending the
treatment period. Another important consideration is that these drugs are not always in stock in
large quantities. They should therefore be ordered via control centres at an early stage to
minimise delays in supply.
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Prussian blue (iron(lll)-hexacyanoferrate(ll)) given orally

Effective against

Caesium incorporation (also thallium, indium or a mixture of fission products
(off-label))

Brand name

Radiogardase®-Cs

Pharmaceutical form

Hard capsules containing 500 mg iron(lll)-hexacyanoferrate(ll) each, to be
taken orally

Dosing regimen

Adults, adolescents and children: take 3 g (6 capsules) as soon as possible
after acute incorporation followed by 3 x 1g (3 x 2cps/day p.o. with food).
Dosage may be increased to max. 40 capsules (20 g) per day, if necessary
through gastric or duodenal tubes.

Duration of
treatment

Usually a minimum of 30 days, significantly longer if necessary due to
laboratory findings (weekly follow-up monitoring of contamination in faeces
and urine)

Contraindications

Hypersensitivity to the active ingredient or adjuvants (gelatine, indigo carmine
(E132), sodium dodecyl sulfate)

Side effects

Hypokalemia, constipation, unspecific gastrointestinal symptoms, dark-
coloured faeces (harmless)

Interactions

Binding to or decreased absorption of some orally taken drugs (e.g. decreased
absorption of tetracyclines); effectiveness of Prussian blue treatment barely
compromised by such interactions

Pregnant women,
children and
adolescents

No known concerns regarding the use of Radiogardase®-Cs. In general,
women should avoid breastfeeding if contaminated
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Ca(DTPA) pentetate calcium trisodium (intravenous)

Effective against

Incorporation of americium, plutonium, curium, californium,
berkelium (probably also effective to varying degrees against several
other bivalent to pentavalent cations)

Brand name

Ditripentat-Heyl®

Pharmaceutical form

Intravenous solution, one 5 ml ampoule contains 1,000 mg pentetate
calcium trisodium

Method of administration: ideally as an IV infusion in 250 ml normal
saline 0.9 % over 30 min to 120 min

Dosing regimen

First week 1 ampoule per day for 5 days

Following 6 weeks 1 ampoule on 2 to 3 days per week

Subsequent 6 weeks No treatment

Thereafter Either 1 ampoule on 2 to 3 days per
week for 3 weeks alternating with 3
treatment-free weeks or 1 ampoule
every 2 weeks, in individual cases
longer treatment-free periods of 4 to 6
months

The treatment regimen should be adjusted for each individual patient
according to the laboratory findings

Contraindications

— Hypersensitivity to the active ingredient or adjuvants (calcium
carbonate, sodium hydroxide, pentetic acid)

— Oral ingestion of radionuclides, for as long as the radionuclides
remain in the gastrointestinal tract (the radionuclide-Ca(DTPA)
complex is more readily absorbed than the radionuclide itself)

— Incorporation of uranium, neptunium or cadmium

— Hypercalcemia, kidney damage (renal insufficiency, nephrotic
syndrome)

— Bone marrow dysfunction or damage

Side effects

Metabolic or nutritional disorders due to zinc deficiency, kidney
damage (nephrotic syndrome or kidney failure). Repeated
administration of Ca(DTPA) without leaving sufficiently long intervals
for regeneration between individual administrations can lead to raised
temperature (delayed onset), nausea, vomiting, diarrhoea, chills,
headache, pruritus, muscle cramps

Interactions

With essential heavy metals such as zinc or iron (substitution
treatment may be necessary)

Pregnant women, children
and adolescents

The product is not licensed for use in pregnant women, children and
adolescents.
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Zn(DTPA) pentetate zinc trisodium (intravenous)

Effective against

Incorporation of americium, plutonium, curium, californium, berkelium
(alternative treatment for cases with contraindications for Ca(DTPA), in
particular pregnant women)

Brand name

Zink-Trinatrium-Pentetat®

Note

In the initial period after acute radionuclide incorporation Ca(DTPA) is the
preferred treatment due to its greater effectiveness (except in pregnant
women, children and adolescents, see contraindications above). If
treatment needs to be prolonged, Zn(DTPA) can then be used instead.

Pharmaceutical form

Intravenous solution, one 5 ml ampoule contains 1,055 mg pentetate zinc
trisodium

Method of administration: ideally as an IV infusion in 250 ml normal saline
0.9 % over 30 min to 120 min

Dosing regimen

Adults
First week 1 ampoule per day for 5 days
Following 6 weeks 1 ampoule on 2 to 3 days per week
Subsequent 6 weeks No treatment
Thereafter Ether 1 ampoule on 2 to 3 days per week for 3
weeks alternating with 3 treatment-free weeks
or 1 ampoule every 2 weeks

Dosing regimen in
children

25 mg to 50 mg per kg body weight per day

Contraindications

— Hypersensitivity to the active ingredient or adjuvants

— Oral ingestion of radionuclides, for as long as the radionuclides
remain in the gastrointestinal tract (the radionuclide-Ca(DTPA)
complex is more readily absorbed than the radionuclide itself)

— Incorporation of uranium, neptunium or cadmium

Side effects

Repeated administration of Zn(DTPA) without leaving sufficiently long
intervals for regeneration between individual administrations can lead to
raised temperature (delayed onset), nausea, vomiting, diarrhoea, chills,
headache, pruritus, muscle cramps

Interactions

None

Pregnant women,
children and
adolescents

No contraindications, but very careful risk-benefit assessment; strict
monitoring of mineral levels
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DMPS (dimercaptopropane sulfonic acid) IV or p.o.

Effective against

Incorporation of polonium; off-label last resort treatment in individual cases
(licensed only for mercury poisoning)

Brand name

Dimaval®

Pharmaceutical form

Intravenous solution: one 5ml ampoule contains 271.4 mg of a solution of
(RS)-2,3-Bis(sulfanyl)propane-1-sulfonic acid sodium salt monohydrate
(DMPS sodium salt monohydrate) corresponding to 250mg (RS)-2,3-
Bis(sulfanyl)propane-1-sulfonic acid sodium salt (DMPS sodium salt) for slow
IV injection or infusion.

p.o.: one hard capsule contains 108.56 mg (RS)-2,3-Bis(sulfanyl)propane-1-
sulfonic acid sodium salt monohydrate (DMPS sodium salt monohydrate)
corresponding to 100 mg DMPS sodium salt

IV dosing regimen Adults
for acute mercury Treatment |Individual dose Interval Max. dose per day
poisoning day DMPS  [No.of  |between — Ipyps No. of
sodium |ampoules |individual |sodium  |ampoules
doses
1 250 mg 1 3-4h 1,500 - 6-8
2,000 mg
2 250 mg 1 4—-6h 1,000 - 4-6
1,500 mg
3 250 mg 1 6-8h 750 — 3-4
1,000 mg
4 250 mg 1 8-12h 500 — 2-3
750 mg

Oral doses for acute
poisoning with
heavy metals

Initially 12 to 24 Dimaval (DMPS) 100 mg hard capsules per day in individual
doses evenly distributed throughout the day (e.g. 1 to 2 hard capsules 12 times
per day).

Contraindications

Hypersensitivity to the active ingredient or adjuvants

Side effects

Chills, raised temperature, allergic skin reactions and in particular after fast
injection, drop in blood pressure, dizziness, feeling faint, asthma attack during
or shortly after injection; low white blood count (up to 50 % decrease; very
rare). Caution: allergic reactions carry risk of Stevens-Johnson syndrome (a
severe and potentially life-threatening skin reaction)

Interactions

Dimaval has antagonistic effects with respect to the metabolic function of trace
elements such as zinc or copper.

Pregnant women,
children and
adolescents

Pregnant women should only be treated with Dimaval in life-threatening
situations, with close monitoring of mineral levels. Dosage recommendations
for children and adolescents are not available.
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Kl (potassium iodide) p.o.

Used for lodide saturation of the thyroid gland
Brand name Kaliumiodid Lannacher (Potassium lodide Lannacher)
Note Kl'in high doses (of around 1,000 times the daily amount ingested from

food) is generally used to block the absorption of radioactive iodine by
the thyroid gland in emergency situations involving a release of the
radioactive iodine and is kept in stock to supply the population (SSK
2019b). It is almost 100 % effective when taken shortly before or after
acute exposure to radioactive iodine. Even eight hours after
incorporation of radioactive iodine, Kl can still decrease the absorption
of radioactive iodine that is circulating in the bloodstream into the
thyroid gland by around 50 %. Taking Kl is therefore recommended
throughout the first 24 hours after exposure to inhibit absorption into
the thyroid gland. lodine thyroid blocking more than 24 hours after
exposure has practically no effect.

Pharmaceutical form

p.o., one tablet contains 65 mg potassium iodide corresponding to
50 mg iodine (please note different dosages in tablets with different
potassium iodide content).

Method of administration

Usually once per day p.o. with liquid (not on an empty stomach).
Tablets may be divided and dissolved in liquids when given to
children.

Dosing regimen

Age 65 mg Kl Daily KI Daily iodine
tablets dose [mg] |dose [mg]
Newborn to 1 month Ya 16.25 12,5
1 month to 3 years bz 325 25
3 years to 12 years 1 65 50
Over 12 years to 45 years |2 130 100

If people are exposed to radiation repeatedly or for longer periods of
time (e.g. following an incident at a nuclear facility) the situation should
be assessed and repeat doses of Kl administered as needed.

Contraindications

— Hypersensitivity to iodine (very rare, not to be confounded with
more frequent allergies from iodine-containing contrast agents),
severe hyperthyroidism, dermatitis herpetiformis (Duhring),
hypocomplementemic urticarial vasculitis.

— Age > 45 years (negative risk-benefit outcome);
this age restriction does not apply to persons > 45 years who
have been exposed to large quantities of radioactive iodine (e.qg.
during or immediately after an incident at a nuclear facility). They
should take iodide tablets in order to prevent severe damage to
the thyroid gland.

Side effects

Irritation of stomach lining, triggering of hyperthyroidism in patients
with thyroid disorders (very rarely thyrotoxic crisis), whereas
newborns and toddlers are mainly at risk of suppression of thyroid
function, very rarely allergic reactions.

Interactions

Drugs used to treat hyperthyroidism such as sodium perchlorate or
thiamazole, as they, like Kl, suppress thyroid function.
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Pregnant women, children | Pregnant women, unborn babies, breastfeeding mothers, children and
and adolescents adolescents are especially sensitive to the effects of radioactive
iodine. There is therefore an absolute indication for blocking iodine
absorption in these persons, taking into account the relevant dosage
recommendations. The dosing regimen for pregnant women is the
same as for other adults.
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8 Clinical course of radiation damage and medical interventions

8.1 Acute radiation damage

8.1.1 Overview of symptoms, phases and pathophysiology of acute radiation
syndrome (ARS)

Numerous radiation emergencies, the nuclear attacks with subsequent exposure of the
populations of Hiroshima and Nagasaki as well as experience gained from therapeutic whole-
body exposure (e.g. conditioning of leukaemia patients before stem cell transplants) have
provided clear medical evidence of the effects of short-term whole-body exposure or short-term
exposure of large parts of the body to ionising radiation. The initial consequences of this type
of exposure to radiation are summarised in the term acute radiation syndrome (or acute radiation
sickness; ARS). The following is a description of this syndrome's individual symptoms, each
diagnosed and treated by different means.

The higher the whole-body dose, the greater the number of organ systems affected, with fluid
boundaries between minor and major damage (Figure 8-1). ARS initially affects the
haematological system (H-ARS) followed by the gastrointestinal system (G-ARS) and
eventually leads to cerebrovascular symptoms (N-ARS). It should not be regarded as a
combination of individual isolated organ impairments but as a multiple organ dysfunction
syndrome that can progress to multiple organ failure and is classified according to the severity
of symptoms caused by damage to the leading organ system. Other important manifestations of
ARS are those affecting the skin (C-ARS), the lungs, the liver and the kidneys.

Figure 8-1: Classic manifestations of ARS and the development of multiple organ failure

Depending on the dosage and the affected organ system, four different, classic ARS
manifestations that merge into each other can be observed (Figure 8-1). The dosages given
below are only a rough indication of the relevant thresholds.

— Exposure to 0.5Gy and above leads to characteristic blood count changes, with
symptoms due to the effects on the haematopoetic system usually developing after
exposure to 1 Gy and above.

— The gastrointestinal manifestation of the syndrome is caused by radiation effects on the
lining of the stomach and bowels and develops at exposures to around 5 Gy and above.
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— Comparable (local) doses result in damage to the skin and mucosa (oral cavity), which
is also called the (muco)-cutaneous manifestation of ARS.

— Cerebrovascular symptoms of ARS begin to manifest at exposure levels of around
20 Gy and above.

ARS typically progresses through four stages: prodromal stage, latent stage, manifest illness
stage and eventually recovery or death (Figure 8-2). The illness may last for around 60 to
90 days. Fliedner suggested four ARS response categories (RC) (Fliedner et al. 2001) based on
the potential capability of affected organs to recover following radiation exposure (see section
8.1.2).

Figure 8-2: Stages of ARS

The initial clinical phase following acute radiation exposure is the prodromal stage, which
usually lasts for 48 hours but may sometimes last for up to six days. This stage is characterised
by unspecific early symptoms such as nausea, vomiting, diarrhoea, erythema, a rise in
temperature, low blood pressure or neurological symptoms. It may be followed by recovery and
a subsequent latent stage with few or no symptoms. The duration of the latent stage decreases
with increasing radiation doses.

These early symptoms are characteristic findings during the prodromal stage of ARS and
therefore essential for the triage of persons after radiation exposure. The onset, duration and
frequency of vomiting but also changes in body temperature, provide key information for
determining the clinical severity of the developing ARS. However, as these symptoms are
unspecific, initial and further diagnostic measures must be based on an integrated approach
incorporating medical history, a combination of clinical, biological and physical dosimetry and
sequential diagnostics (see section 8.1.3). An initial assessment and/or working diagnosis may
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be made during the first three days, but up to three weeks are required to arrive at a reliable
diagnosis.

The manifest illness stage is characterised by severe immunosuppression. Intensive treatment
may be necessary to support the patient until they recover (bridging therapy). If the patient
survives this stage they will in all probability recover, although there is an increased risk of
opportunistic infections during the subsequent recovery period. Patients must be monitored
closely, and life-long follow-up care is necessary in particular to ensure that stochastic radiation
effects (e.g. development of malignant tumours and leukaemia) are diagnosed early.

ARS develops mainly as a result of damage to the cell renewal systems, which affects the
kinetics of cell production. This applies to symptoms involving the epidermis and mucosa as
well as haematopoiesis in the bone marrow and in the lymph system. It does not apply to
cerebrovascular symptoms. The main factor is the different sensitivity of individual cell systems
to radiation. Lymphocytes are extremely sensitive to radiation, so the lymphocyte count is a
very useful diagnostic tool. As a general rule, differentiated cells (granulocytes, erythrocytes
and keratinocytes) are not as sensitive to radiation as proliferative cell populations and in
particular haematopoetic precursor cells. Exposure to radiation destroys the ability of
proliferating cells to reproduce, which results in a gradual decline in the number of cells
supplied to differentiated cell populations. The decrease in the number of differentiated cells
results from the physiological cell turnover and therefore is largely independent of the level of
radiation exposure. Symptoms only appear when there is an imbalance between cell production
and cell death, i.e. as soon as the decrease in differentiated functioning cells manifests. The
duration of the latent stage of ARS thus depends on physiological cell turnover processes in
specific organs. The latent stage is only shortened when high radiation doses are received that
also damage differentiated cells. Deregulation of the inflammatory response is key to
understanding ARS. These processes are difficult to treat but potential treatments are being
made available by developing new pharmaceuticals.

8.1.2 Severity of ARS

Based on the radiation-induced dysfunction of the various organ systems described above, the
severity of the damage and a short- and long-term prognosis are estimated and decisions are
made on whether the patient needs to be admitted to the hospital and which therapeutic,
sometimes invasive, interventions are appropriate.

The METREPOL manual (MEdical TREatment ProtocOLs for Radiation Accident Victims)
(Fliedner et al. 2001a) was developed in 2001 under the auspices of the European Union. Based
on the pathophysiology of the above-mentioned organ systems the manual defines diagnostic
and therapeutic guidelines for use in patients after accidental acute exposure to radiation and
constitutes a grading system for the severity of effects according to specific organ damage. The
term used in METREPOL for degrees of severity is response categories (RC). In most cases the
severity of effects can be reliably determined only as the illness progresses (over a period of
about three weeks). The METREPOL grading system is based on the clinical endpoints
following the potential regeneration of specific organ systems (see Figure 8-6), which means
the system requires examination of leading symptoms involving each organ system.
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METREPOL grades the damage in each organ system individually, i.e. damage to the
haematopoetic system (H), gastrointestinal system (G), cutaneous damage (C) and damage to
the cerebrovascular system (N), and then links the findings to provide a response category
determined by the organ system that has been most severely affected.

Figure 8-3: Terminology of the response categories (RC) approach according to METREPOL.:
from organ-specific grading to grading code and the corresponding RC (Fliedner
et al. 2001a).

Each of the four organ systems that are typically affected by ARS is assigned to a response
category numbered from 1 to 4 according to the severity of the damage. Grade 1 represents mild
damage, i.e. organ function will always be restored. Grade 2 represents moderate damage, i.e.
organ function will probably be restored, grade 3 represents severe damage, i.e. recovery is not
probable but at least possible and grade 4 represents extremely severe or irreparable radiation
damage with only a minimal probability of restoring organ function (see also Figure 8-7).

For instance, the classification N2 H3 C1 G2 indicates that the damage to the haematological
system (H-ARS grade 3) is the leading criterion and the METREPOL classification would
therefore be RC3. The original METREPOL grading system does not include a grade 0 for
persons with no or minor radiation exposure who will not go on to develop ARS.

8.1.3 Damage to the haematopoietic system and its diagnosis

Acute whole-body irradiation with radiation doses exceeding 1 Gy (gamma radiation or X-rays
with high photon energy) results in clinically relevant damage to the haematopoietic system
(haematopoietic manifestation of ARS). Initial asymptomatic blood count changes can however
be detected at doses as low as 0.5 Gy. The main clinical problems in the fully developed
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syndrome are severe depression of all parts of the immune system, risk of bleeding and with
longer duration, impairment of oxygen transport. Atypical pathogens (opportunistic infections)
play a major role in causing illness. The key factor determining the clinical course and prognosis
of this manifestation of ARS is whether the damage to the haematopoietic stem cell population
is reversible or irreversible. The stem cells are distributed within the skeletal system and have
a high potential for regeneration. It needs to be ascertained, therefore, whether the exposed
person still has sufficient numbers of vital stem cells that can by themselves initiate regeneration
of haematopoiesis. Stem cell function may recover even after exposure to high radiation doses
if the “whole-body” exposure was in reality inhomogenous or the actual radiation dose received
by the bone marrow was lower than estimated. Furthermore, specific groups of precursor and
stem cells' sensitivity to radiation show profound individual variability.

Indicators of the potential for spontaneous regeneration of haematopoiesis are the numbers of
lymphocytes, granulocytes and thrombocytes over the first 10 to 20 days following radiation
exposure. An illustration of how these counts typically develop is shown in Figure 8-4. As these
counts are averages, patients must also be individually assessed in terms of how the illness
progresses.
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Figure 8-4:Schematic representation of lymphocyte, granulocyte and thrombocyte counts over
the course of ARS (according to Fliedner et al. 2001a)

Typical indications of autonomous regeneration in spite of exposure to high levels of radiation
are an initial granulocytosis (days 1 and 2), an only moderate decline in granulocyte numbers
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(typically not below 200 to 500 plt), an abortive (gradual and temporary) rise in the absolute
number of granulocytes and a slow decline in thrombocyte numbers, reaching their lowest level
(nadir) between day 20 and 30.

To confirm the diagnosis, and if stem cell transplantation is considered, examination of the bone
marrow is recommended in week 2 or 3 after exposure. Sequential diagnosis (including blood
counts at regular intervals) is necessary to monitor the patients to gain a picture of clinical
progress and identify the development of hematological ARS or other organ damage. This
continuous monitoring helps to determine the correct RC grading and optimise treatment
management.

Sequential diagnostics:

To be able to estimate the potential severity of the hematopoietic syndrome and to determine
the appropriate response category (H1 to H4) according to METREPOL (Table 8-1), acomplete
blood count must be done every four hours if possible (at least every eight hours) during the
initial period (24 hours) after exposure and subsequently twice a day.
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Table 8-1: Haematological manifestation of ARS — response categories H1 to H4 according to
METREPOL (see section 8.1.2)

Signs of abortive regeneration between day 5 and day 15 are an important indication that the
damage to haematopoiesis may be reversible (Figure 8-4). The “crisis” occurs between day 15
and day 30 after irradiation and correlates to the onset of granulocytopenia and
thrombocytopenia with the risk of bacterial infections and thrombocytopenic bleeds,
accompanied by significant hair loss. Spontaneous regeneration of haematopoiesis may occur
between day 30 and day 35 and result in recovery of granulocyte and thrombocyte numbers in
the blood count.

8.1.4 The gastrointestinal manifestation of ARS and its diagnosis

The gastrointestinal manifestation of ARS is triggered by acute whole-body irradiation with
doses of around 5 Gy and above. Its severity is graded from G1 to G4. After a latent period of
around five days, patients start to experience unspecific symptoms (fever, tachycardia) and very
severe gastrointestinal symptoms accompanied by diarrhoea and abdominal cramping. Over the
course of the illness, the diarrhoea becomes bloody and ileus may develop. This results in
significant disruption of the body’s fluid and electrolyte balance. Loss of gastrointestinal
epithelium provides an entry path for (in many cases opportunistic) pathogens which, due to
the concomitant depression of the haematopoetic system, go on to infect the body.

The symptoms of the gastrointestinal manifestation of ARS are caused by damage to the
intestinal mucosa. This damage results from impaired cell regeneration in the intestinal crypts
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and therefore an interruption in the supply of new cells to differentiated cell populations. The
most prominent microscopic finding is a massive loss of intestinal villi.

Basic diagnostic tests include abdominal ultrasound (measuring the thickness of the intestinal
mucosa) and stool cultures to identify pathogens. Further diagnostic measures such as computed
tomography (CT) and magnetic resonance imaging (MRI) may be performed if the clinical
setting allows. Patients who have been assigned grades of 3 to 4 have a poor prognosis, even
with optimal treatment.

8.1.5 The cerebrovascular manifestation of ARS and its diagnosis

The symptoms pertaining to the cerebrovascular manifestation of ARS (grades N1 to N4) are
also dose-dependent. Irradiation at low doses triggers activity in the brain’s vomiting centre.
Higher doses result in increasing dysfunction of regulatory mechanisms in the central nervous
system that — in addition to the effects on the gastrointestinal system — can affect temperature
regulation, cardiovascular function and breathing.

Initial symptoms are nausea, vomiting and loss of appetite. At higher doses, these symptoms
are accompanied by fatigue. Increasing fatigue is an indication of the cerebrovascular syndrome
becoming more severe. Diarrhoea at this stage may also be an indication of central nervous
damage. Vascular damage results in headache, hypotension and confusion. Sensomotoric
impairment manifests as ataxia and loss of consciousness.

Acute nausea may be observed at all stages of the cerebrovascular syndrome, becoming more
severe with increasing doses. The vomiting reflex is suppressed following irradiation with high
doses (> 10 Gy), a symptom that is masked by the general suppression of central nervous
function. At doses of 20 Gy and above, central nervous symptoms become more prominent and
it is no longer possible to distinguish a prodromal or latent stage.

There is no curative treatment, but spontaneous recovery occurs in most patients suffering from
less severe illness (grade N1 to N2). Symptomatic treatment to provide relief from nausea, pain
or diarrhoea should be administered generously and if necessary, in particular for nausea,
prophylactically.

In addition to a careful assessment of symptoms, diagnostic measures in a clinical setting may
include electroencephalography (EEG) and CT or MRI of the brain to quantify the damage to
the central nervous system and detect cerebral oedema.

Intractable nausea and vomiting, severe headache, somnolence, raised temperature and
hypotension and a cerebrovascular ARS grading of N4 following irradiation at doses of >20 Gy
indicate that survival is not likely.

8.1.6 Local radiation damage, the cutaneous manifestation of ARS and its
diagnosis

The most common consequence of radiological accidents in occupational settings worldwide is
local radiation injury (LRI) (IAEA 2020a). Apart from the skin, accidental irradiation — in
particular external gamma radiation — may also affect connective tissue and even underlying
structures such as bones and muscles (Iddins et al. 2022b). Knowledge of these effects has also
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been gained from experiences with radiotherapy patients receiving accidental radiation
overdoses (this handbook does not address this scenario). Local irradiation, even at levels in
the tens of Gy, is not likely to cause ARS except in cases where large parts of the body have
been exposed. An LRI resembles thermal or electrical burns and can easily be mistaken for
them initially. More important, however, is damage to tissue at lower levels beneath the skin
(such as bones or muscles), which depends on the penetration depth and occurs most often after
exposure to gamma radiation.

In contrast, cutaneous radiation syndrome is a subsyndrome of ARS caused by exposure of the
whole body or large parts of the body to high radiation levels and must be distinguished from
local radiation injury.

To confirm the diagnosis and estimate the severity of LRI and the cutaneous syndrome, a colour
photographic record of the progress of skin symptoms must be kept. Imaging studies such as
sonography and thermography may also inform necessary clinical interventions (Iddins et al.
2022b).

Both LRI and the cutaneous manifestation of ARS are characteristic skin reactions following
exposure to ionising radiation.

Radiation exposure may be locally confined or affect extensive areas of the skin. The severity
of the local skin reactions and the time it takes for them to appear depends on, among other
things, the skin dose, the type of radiation and the dose rate. A point to consider is that the skin
is particularly prone to being affected by very high local levels of radiation, for example, as a
result of contamination with beta-radiation-emitting radionuclides. Depending on the dose
distribution, this does not necessarily result in systemic (gastrointestinal, haematopoietic)
effects. The impact on the affected individual depends on the severity of the local skin reaction
and the size of the affected skin area.

After exposure to very high radiation levels, visible lesions (erythema, oedema, blisters,
desquamation) appear after only a few hours, while it may take five days to eight weeks for
lesions to appear after exposure to moderate levels of radiation. Any long-term damage needs
months or even years to develop fully.

The pathophysiology of the cutaneous syndrome and LRI is complex and many aspects are not
fully understood. It involves cytokine-mediated antiproliferative inflammation processes on the
local and systemic level accompanied by microcirculatory damage. The course of the illness is
also very complex: even after the initial acute reaction has seemingly subsided, late effects can
appear and lead to progressive damage a very long time after exposure.

The cutaneous reaction progresses in different phases, starting with vascular damage that results
in erythematous lesions and oedema. Early erythematous changes can appear only a few hours
after exposure to radiation (primary erythema), while the main erythema usually takes a few
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days to fully develop. A subsequent phase of dry desquamation is followed by blistering of the
skin (wet desquamation). After a latent period of around two weeks the lesions may heal or
develop into ulcerations or even deep necrosis.

The dose, dose rate, type and quality of the radiation affect mainly the local severity of the
lesions, but to some extent also any development over time. Low and moderate doses mainly
damage the capacity of the epidermis to regenerate. These often temporary effects lead to
protracted reactions that are clinically less severe, and the skin may eventually almost
completely repair itself. Higher doses can also kill differentiated cells resulting in accelerated
loss of viable cells, shorter latency periods and more extensive tissue destruction. Thus,
blistering and bluish discolouration of the skin very soon after exposure to very high radiation
doses can indicate the development of necrosis.

Pathogenesis varies depending on which cell population has been affected. Necrosis following
high-dose irradiation affects all dermal tissues, whereas superficial epithelial reactions are the
most prominent clinical feature soon after exposure to moderate doses. In principle, these
reactions correspond to those causing the gastrointestinal syndrome, i.e. they indicate an
impairment of cell regeneration with concomitant continuous cell loss. Vascular damage is
relevant in both the acute and chronic phases of skin reactions post-exposure. Radiation also
affects the skin appendages: for example, exposure to doses of 3 Gy to 5 Gy and above damages
the hair follicles and leads to hair loss after about three weeks (or sooner after exposure to
higher doses). Depending on the doses involved, hair loss may be irreversible (10 Gy and
above) or reversible. Hair that grows back often has a different colour. An important fact
regarding long-term damage is that sweat glands and sebaceous glands are highly sensitive to
radiation. If these glands are irreversibly damaged, the skin becomes very dry and stops
producing sweat.

The METREPOL grading system (see section 8.1.2) uses four categories (C1 to C4) for
cutaneous reactions after irradiation according to their severity. These categories do not
correspond to the ones generally used in clinical settings, for example the categories used in
radiotherapy or in assessing toxicity in clinical studies on radiotherapy. The latter distinguish
between early and late reactions to irradiation; the size of the affected area of skin is less
significant. In contrast, the METREPOL grading includes the size of the affected area and in
addition connects the findings to the chance of recovery and the necessity for hospital
admission.

—  Skin reaction C1

Signifies minor damage and certain recovery. Skin reactions occur over a protracted period of
time (e.g. fleeting primary erythema, after about five days secondary erythema, after 20 to 30
symptom-free days minor skin changes (e.g. hair loss, flaking); skin heals leaving a smooth
surface and only minor pigment changes. Outpatient treatment and/or monitoring is sufficient.

—  Skin reaction C2

Signifies moderate damage in a small area with probable recovery. Skin reactions occur over a
protracted period of time but are more severe than in C1, e.g. prominent primary and secondary
erythema with mild oedema and in some cases blistering five to ten days after exposure. Moist
epitheliolysis, hair loss. The total affected area comprises no more than 10 % of the body surface
and individual lesions are not larger than 10 cm?. Healing as above, with somewhat more
pronounced pigment changes. Outpatient treatment is sufficient, medication necessary in most
cases, e.g. topical corticosteroids.
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— Skin reaction C3

Signifies severe damage across a large skin area; recovery with a deficit is likely. As before,
skin reactions occur over a protracted period, but the period is shorter and reactions are more
severe than in C2. For instance, circumscribed and confluent skin lesions appear on up to 40 %
of the skin surface. Prominent secondary erythema with very severe oedema and dry
desquamation. Blistering around five days after exposure may progress to moist epitheliolysis
and ulceration/necrosis. In the longer term the healing deficit results in irreparable damage to
the capillary system of the dermis (corium) as well as to sebaceous glands and hair follicles.
Pigmentation and gradual progress to chronic radiation dermatitis, which clinically manifests
as atrophy (thinning of tissue), hyperpigmentation and depigmentation (pigment changes),
fibrosis (thickening of the dermis) and teleangiectasia (dilated blood vessels). Clinical treatment
is indicated, and debridement and systemic drug treatment may be necessary.

— Skin reaction C4

Signifies critical, potentially fatal damage to very large areas of skin with deep wounds.
Recovery is impossible for the damaged areas or recovery is possible but only with serious
deficits. Confluent lesions cover more than 40 % of the skin surface, involving underlying
structures. At first, a prominent primary erythema appears that usually progresses to secondary
erythema immediately, accompanied by pronounced oedema, blistering and severe pain. Acute
necrosis becomes apparent after 10 to 14 days, may require surgical intervention and can cause
multiple organ failure. Interactions with other ARS manifestations that may be present are
crucially important for determining the prognosis. Recovery is only possible with specialist
clinical treatment. Even after recovery, severe deficits will remain due to fibrosis with hair loss
and pigment changes. Patients may also be more vulnerable to secondary trauma, subcutaneous
sclerosis and keratosis.

8.1.7 Combination injuries

Radiation damage can occur in combination with mechanical or thermal trauma or in
combination with exposure to chemicals. Following the atomic bombings of Hiroshima and
Nagasaki in Japan, around 60 % of the affected population died from mechanical injuries,
around 30 % from burns and between 10 % and 20 % from acute radiation sickness itself or its
consequences. Scenarios such as these warrant joint consideration of all of these injuries.
Combination injuries require an even more extensive interdisciplinary approach than the
different types of ARS.

Life-saving interventions must be carried out without delay. Assessing potential radiation
effects or decontamination efforts must not delay or compromise the treatment of acutely life-
threatening conditions.

Surgical interventions should be performed very soon after irradiation since cytopenia,
immunosuppression and damage to the microcirculation may develop; elective® measures must
be postponed until patients have recovered from ARS.

8.2 Chronic radiation damage

Chronic radiation damage is best documented with regard to damage to the skin and the
musculoskeletal system, but can in principle affect all organ systems. Typical manifestations

18 Elective medical interventions are interventions that can be postponed, i.e. that do not have to be
carried out immediately. They can wait until the acute radiation syndrome has reached the stage of
regeneration in which the patient is more stable.
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are chronic radiation dermatitis, radiation-induced pulmonary fibrosis or radiation cataracts.
Following exposure to high doses of radiation — even just local exposure — patients need careful
follow-up care. The need for medical intervention is identified as the illness progresses and is
not addressed in this handbook, which focuses on treatment and care at early stages.

8.3 Early diagnostics: clinical dosimetry and initial estimate of the prognosis

The clinical management of ARS is divided into different stages (Figure 8-5). The triage stage
(necessary in mass casualty incidents) requires response staff to make a first tentative diagnosis
which then has implications for further organisational and therapeutic procedures. During the
actual diagnostic stage, comprehensive clinical data are combined to establish a diagnosis and
the RC grading is determined (see section 8.1.2). A particular feature of this stage is sequential
diagnostics, involving the repeated collection of clinical information (mainly full blood counts)
to reflect the clinical course in as much detail as possible.

Measurements or estimates of the radiation dose enable medical staff to predict the clinical
course of each patient. In addition to conventional physical dose measurements there are
procedures to estimate doses, for instance by looking at the patient’s location at the time of the
exposure incident or by reconstructing the sequence of events surrounding a radiation accident.
Precise estimations of radiation doses or of radiation damage after a radiation incident can also
be obtained by means of biodosimetry and retrospective physical dosimetry; for details see
chapter 11.

The primary objective of clinical dosimetry is not to measure or reconstruct the actual radiation
dose but to provide a prognosis in terms of potential effects of irradiation and to determine the
severity of the ARS manifestations, thus supporting the efforts of the treatment team.

The following are some important questions relevant to the initial medical management of
radiation emergencies:

1. Isit possible to rule out with sufficient certainty that an individual has been exposed to
clinically relevant radiation levels (prognosis RCO; worried person)?

2. lsitjustified to treat exposed individuals as outpatients initially (prognosis RC1)?

3. Are medical interventions, in particular hospital admission, necessary in the initial phase
after the incident (prognosis RC2 to RC4)?

4. Are immediate interventions necessary and is there a need to provide capacities for
intensive in-patient treatment (prognosis RC3 to RC4)?

Dose measurements, dose estimates, clinical dosimetry and laboratory tests all provide
information which helps to establish these prognoses.

Clinical dosimetry is based on the immediate medical history, symptoms and laboratory
parameters and also on imaging results. The boundaries between clinical and biological
dosimetry, which also includes dicentric chromosome assays, are somewhat blurred.
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Figure 8-5:Management of ARS

Early diagnostics (during the first two days) is essential to be able to manage patient flow and
initiate state-of-the-art therapeutic measures, such as treatment with cytokines, in good time.

Prodromal syndromes and routine laboratory parameters, such as a full blood count but also
inflammation parameters and more complex methods used in biological dosimetry, can help
medical staff arrive at a preliminary diagnosis during the first few days (Table 8-1).

A number of specialised tests are required very soon after exposure to high levels of radiation
in particular, including expert blood sampling for cytogenetic-based dosimetry or for blood
typing in preparation for a stem cell transplant that may be needed.
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Table 8-2: Prodromal symptoms: recommendation for hospital admission and assessment of
prognosis (based on, among others, (Fliedner et al. 2001b) — modified according
to (Port et al. 2017))

Similar tables and classifications as well as information on treatment can be found in the TMT
handbook (Rojas-Palma et al. 2009) and also in the guidelines drawn up by the Nuclear
Accident Committee of the European Bone Marrow Transplant Association (EBMT?9).

New IT-based instruments (H-Module of the Institute of Radiobiology of the German Armed
Forces) (Port und Abend 2018) or the Biodosimetry Assessment Tool (BAT) and the First-
responders Radiological Assessment Triage software for Windows™ (WinFrat, Blakely et al.
2021) launched by the Armed Forces Radiobiological Research Institute, USA) are highly
sensitive and specific tools that can help to establish a preliminary clinical diagnosis using
parameters recorded soon after irradiation (prodromal syndromes and full blood count on day
1to 3) (Port et al. 2017, Port et al. 2021):

1. Estimation of the severity of ARS (RC grading)
2. Recommendation of appropriate structure of response and care
3. Recommendations on therapeutic interventions

The tools can be obtained from the authors?® and are available to participants in the Software
tools for Triage of the Acute Radiation Syndrome (StTARS) workshop by the Institute of

19 https://www.ebmt.org/sites/default/files/2018-03/EBMT%20Nuclear%20Accident%20Committee%
20Pocket%20Guide%202017.pdf

20 InstitutfuerRadiobiologie@bundeswehr.org; william.blakely@usuhs.edu
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Radiobiology of the German Armed Forces (InstRadBioBw). The H-Module is also available
as a free download from the Google Play Store?! or Apple App Store??,

Figure 8-6: H-Module from the Google Play Store (left) and Apple App Store (right)

In an incident involving a large number of radiation emergency patients, firstly it is necessary
to reserve any available hospital beds for people who are expected to suffer from severe ARS
(RC2-4). Patients categorised as RCO or RC1 can initially be treated as outpatients, but may be
advised to undergo temporary observation in a hospital setting for diagnostic testing and
documentation of findings if the total number of radiation emergency patients is sufficiently
small.

LRI (local radiation injuries, see section 8.1.6) must be documented sequentially using repeated
colour photographs and — depending on which organs are affected — imaging procedures such
as ultrasound, Doppler sonography, CT and MRI or other, less frequently used imaging
techniques such as thermography. If radiation doses are high, it is essential to determine the
dose distribution in the tissue — if necessary using simulation techniques — as early as possible
in order to manage surgical interventions.

8.4  Therapeutic principles

8.4.1 General measures, supportive treatment

Significant progress in the treatment of patients with ARS is based on using state-of-the-art
supportive therapeutic measures such as fluid and electrolyte substitution, antimicrobial therapy
and prophylaxis, transfusions and parenteral nutrition. The individual elements of this
therapeutic approach must be employed according to the current recommendations of the
associations of specialists in the field of comparable syndromes. These include guidelines on
the treatment of intensive care patients, immunosuppressed patients or patients with burns, or
on transfusion therapy. Excerpts from these therapeutic approaches, along with more specific
recommendations, are outlined below.

As arule, ARS patients who have been assigned to RC1 according to the METREPOL system
can be treated as outpatients. Patients assigned to RC2 and above should be admitted to hospital,
and RC3 and RC4 patients should be treated in hospitals with extensive experience in intensive
care (including immunosuppressed patients) or in the treatment of burns. Figure 8-7 shows this
situation using the haematological manifestation of ARS as an example. Antiemetics, pain
medication, anxiolytics or sedatives must be administered as appropriate.

2L https://play.google.com/store/apps/details?id=bir.app.hmodule
22 nhttps://apps.apple.com/de/app/h-module/id1572867850
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Figure 8-7:Treatment of the haematological form of ARS according to the response category
grading (RC-H) adapted from METREPOL. With respect to the treatment regimens
shown, note that all measures applying to the lower RC-H grades must always be
carried out in addition to the measures for higher RC-H grades (signified by +)

8.4.2 Treatment of the haematopoietic manifestation of ARS

The principal objective of treating the haematopoietic syndrome is to restore organ function
and to support the patient until organ function is fully restored (bridging). Key elements are
treatment of immunosuppression, addressing the risk of bleeding and maintaining adequate
transport of oxygen around the body. Standard therapies for radiation damage, i.e. specific
guidelines, have not been established as yet. In 2011, commissioned by the WHO, two studies
were published describing the then available knowledge and therapeutic principles relating to
the haematopoietic manifestation of ARS, followed by other evaluations (Dainiak et al. 2011a,
2011b, Dainiak 2018, Singh et al. 2015).

More recent data confirm that immediate administration of cytokines (G-CSF, GM-CSF)
improves the prognosis in patients expected to develop ARS. Cytokines should be given within
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the first two days after exposure to radiation and are indicated for treatment of patients expected
to develop H-ARS with a grading of RC2 or above. Early diagnosis is thus crucial.
Administration of thrombopoetin receptor agonists should be considered (Singh and Seed
2021).

Patients with prolonged neutropenia (<0.5 granulocytes per pl) are at increased risk of
opportunistic and nosocomial infections. Prophylactic antibiotic treatment is recommended,
based on the guidelines for immunosupressed patients post-chemotherapy or before stem cell
transplants?®, Additionally, prophylactic treatment with antivirals (see “Virusinfektionen bei
Organ- und allogen Stammzell-Transplantierten: Diagnostik, Priavention und Therapie” —
German only?*) should be considered. Reverse isolation (protective isolation) of the patient
should be put in place if possible.

Transfusions using irradiated blood products (thrombocytes/erythrocytes) are indicated for
patients with cytopenia.

Stem cell transplants are not an emergency intervention but are indicated in patients with
prolonged (14 to 21 days) bone marrow aplasia despite treatment with cytokines. Patients must
first undergo bone marrow biopsy to confirm the absence of any residual haematopoiesis
(H-ARS grade 4). Treatment for any existing infections must be in place to keep them under
control and no other irreversible organ damage must be present. Stem cells for transplantation
can be harvested from bone marrow, peripheral stem cells or cord blood.

8.4.3 Treatment of the gastrointestinal manifestation of ARS

Progress with bridging in patients with the gastrointestinal manifestation of ARS has been very
limited to date.

Prophylactic treatment with antibiotics is recommended. It should be tailored to the individual
patient and antibiotic resistance in each case and should be discussed with an experienced
clinical microbiologist beforehand.

Treatment should consist of broad-spectrum antibiotics that are effective against gram-negative
and gram-positive pathogens and should also include antifungal prophylaxis.

Bowel decontamination should be reserved for exceptional cases and always be combined with
systemic antibiotic therapy.

23 https://www.onkopedia.com/de/onkopedia/guidelines/infektionen-bei-haematologischen-und-
onkologischen-patienten-uebersicht/@ @guideline/html/index.html

2 https:/fwww.awmf.org/leitlinien/detail/11/093-002.html
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Supportive treatment may consist of administration of fluids and electrolytes and, in cases
where enteral nutrition is impossible, parenteral nutrition as well. Symptomatic treatment
includes anti-diarrhoeal drugs (e.g. loperamide) and anti-emetics in combination with proton
pump inhibitors to protect the stomach lining.

Antibiotic treatment should follow the current treatment regimen guidelines used in
radiotherapy patients and in patients undergoing stem cell transplants. Symptomatic treatment
should draw on the extensive knowledge currently available from experience in palliative
medicine.

8.4.4 Treatment of local radiation damage and cutaneous radiation syndrome

The primary objective of the therapeutic approach in LRI is to treat the locally confined injuries,
whereas treatment of cutaneous radiation syndrome calls for a significantly wider approach that
includes other organ systems.

As arule, protective skin creams can be used during the prodromal stage; treatment with topical
or if necessary systemic steroids must be considered at later stages. Commonly used treatment
options include hydrocolloid dressings, prophylaxis and if necessary treatment of local
infections, and drugs that improve blood flow such as pentoxifylline. The objective of treatment
with steroids, antibiotics and antihistamines is to interrupt the inflammatory response that is
triggered by irradiation and may come and go in waves.

The common feature of all cutaneous forms of ARS is that patients often suffer from severe
acute pain. If the illness persists over protracted periods, chronic pain syndromes may develop
which can result in severe psychological distress for affected individuals. These patients need
multimodal pain therapy administered via specialist clinics.

Patients with mild and moderate cases of LRI (C1 to C2) can usually be treated by dermatology
or radiotherapy departments/clinics. However, consultation with national experts and often
even international support (e.g. via the IAEA) from the few centres around the world with
relevant experience is indispensable for the treatment of patients assigned to grade C3 or C4.
Since disease progression in patients with LRI — especially in severe cases — varies widely
between individuals and therapeutic procedures are highly specialised, this handbook can
provide only a rough outline of the relevant therapeutic principles.

Outpatient treatment is appropriate for LRI patients assigned to C1. Anti-inflammatory and
anti-proliferative treatments include aqueous solutions or powders, topical steroids and
systemic antihistamines.

Should blisters appear (C2 LRI) they must be drained and covered with non-adhesive dressings,
followed by appropriate infection prophylaxis. Patients with LRI assigned to C2 can usually
still be treated in outpatient settings.
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C3 LRI patients must be admitted to hospital. These cases require drainage of blisters,
debridement of necrotic tissue, topical antibiotics, anti-inflammatory drug treatment including
steroids and effective analgesia.

C4 LRI patients must be admitted to specialist clinical centres with experience in treating
patients with severe burns and in reconstructive surgery. They usually also need early surgical
intervention (Iddins et al. 2022a).

The following therapeutic approaches should be considered in patients assigned C3 and C4
grades:

Superficial lesions: conservative treatment
Deep ulcerations and necrosis:
— ulcerectomy
— necrectomy
— surgical wound closure using skin flaps
— amputation

— skin transplants, if necessary using artificial skin, xenograft transplants and tunnelled
island flaps

Dosimetry-assisted surgery is used to determine the depth of the incisions that are necessary
when operating on injuries caused by high-dose ionising radiation, in particular gamma
radiation and is based on imaging techniques and dose distribution simulation software. By
identifying affected tissue that is not surgically or clinically recognisable as such, this method
facilitates removal of all non-viable tissue with only healthy tissue left behind. Tissue that has
received doses of >25 Gy must be resected, in some cases prophylactically.

More advanced treatments include the local application of mesenchymal stem cells (MSCs)
(Iddins et al. 2022a) and other related techniques that have been available for a few years. To
be successful, this treatment for injuries with extremely unfavourable prognoses needs to be
considered at an early stage. MSCs are multipotent stem cells extracted from heterogeneous
cell populations, e.g. from bone marrow, umbilical cord blood or fatty tissue. The exact
mechanism of action is not fully clarified. Locally applied MSCs stimulate production,
migration and proliferation of endogenous cells in the area around the wound and have
immunomodulatory and pro-angiogenic properties that are mainly mediated by paracrine
mechanisms. These mechanisms as well as MSCs themselves developing into mature cells that
are essential for wound healing ultimately have the result of enhancing angiogenesis,
granulation processes and re-epithelisation of the wound. After undergoing ex-vivo expansion,
MSCs are applied in the area around the skin defect or if necessary administrated systemically.

Local radiation injuries often become chronic wounds, which can be treated with drugs that
improve microcirculation such as pentoxifylline, antioxidant substances or hyperbaric
oxygenation.
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8.4.5 Treatment of the cerebrovascular manifestation of ARS

The cerebrovascular manifestation of ARS only occurs after extremely high radiation doses and
has a very poor prognosis. Currently, no causal treatment is available. Treatment is restricted
to solely supportive and palliative measures but cannot change the fatal prognosis. Any
treatment aims to relieve distressing symptoms (pain, nausea, anxiety, etc.) following current
guidelines used in, for instance, palliative medicine.

8.4.6 Symptom-oriented treatment and care

Symptomatic treatment of patients suffering from incurable manifestations of ARS should
follow the guidelines used in palliative medicine. Even in patients with mild forms of ARS,
symptom-oriented treatments are indicated alongside curative therapy. Palliative care on its
own is reserved for patients with no possibility of survival (see section 8.4.5).

8.4.7 Psychological treatment and support

Appropriate psychological support is indicated for all patients suffering from ARS of whatever
type (see also chapter 9).

The extent of this support depends on the radiation damage and psychological distress suffered
by the individual patient. It must also take account of the general psychological state of the
patient and their relatives. Appropriate use of accompanying psychological interventions can
promote cooperation, reduce anxiety and mitigate long-term psychological damage. Support
should also include giving the patient accurate and objective information about their situation.
Anxiety — and also fear of long-term effects — must be addressed appropriately.
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9 Psychosocial support for affected persons and response
personnel

9.1 Psychosocial support in emergency situations: principles and current
guidelines

Psychosocial emergency care has been an integral part of crisis management and disaster
response for around 20 years. The Federal Office of Civil Protection and Disaster Assistance
(BBK) and the Scientific Advisory Board on Civil Defence and Disaster Protection at the
Federal Ministry of the Interior and Community (BMI) have produced comprehensive
information and teaching materials on this issue (among others BBK consensus conference
2008 and 2010, BBK 2011b, BBK quality standards 2012, BBK 2013). Psychosocial
emergency care targets both affected individuals (patients, survivors, relatives of patients and
of missing persons, bereaved persons, witnesses) and response personnel.

Germany-wide quality standards and guidelines for psychosocial emergency care have been
developed; they are reproduced in part here and can be downloaded from the BBK website?
(in German only).

9.1.1 Affected individuals (exposed/concerned persons)

Affected individuals need different psychosocial interventions at different times after the
incident, as shown in (Figure 9-1, BBK 2013). This breakdown into three periods was primarily
devised with mass casualty incidents in mind, but can also be applied to emergencies affecting
small numbers of people.

%5 https://www.bbk.bund.de/DE/Themen/Krisenmanagement/Mensch-und-Gesellschaft/psnv-
qualitaetssicherung/psnv-qualitaetssicherung_node.html
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Figure 9-1:Psychosocial interventions for survivors, their relatives, bereaved persons,

witnesses and/or relatives and friends of missing persons (according to BBK 2013)

The following elements play an important role during the initial phase of psychosocial first-
response measures (BBK 2013):

Security: Shielding from unwanted attention, reliable support provided by persons who
are perceived as being competent, a place of safety, believable information.

Reassurance: Understanding one’s own reaction and that of others, information on the
fate of relatives, information on planned further support measures.

Sense of purpose: Being allowed to help with managing the situation by themselves or
with others, including at the level of the affected community.

Connectedness: Experiencing solidarity with people in the same situation/others
affected.

Hope: Confidence in future improvement, discovering one’s own strengths.

Response personnel are the first to come into contact with affected individuals, so their training
should include learning basic skills in psychological emergency support and radiation
emergency management.

Acute psychosocial support (see Figure 9-1) as outlined below begins immediately after the
incident and in mass casualty incidents is usually provided by specially trained members of
crisis intervention teams (CITs), emergency pastoral workers and/or emergency psychologists.

According to the guidelines on medical interventions in disaster situations produced by the
Scientific Advisory Board on Civil Defence and Disaster Protection (BBK 2013), acute
psychosocial support may be needed at different locations:

Primarily at support centres and emergency care centres (important: first consult
personnel from first-response service providers)

Less frequently at the location where the patient receives treatment (staff must be
qualified in emergency response or have extensive experience as an emergency pastoral
worker in everyday emergency situations, key responsibility: caring for category 1V
patients, see Figure 5-2)
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— At locations where dead bodies are taken/stored
— At centres for relatives/witnesses
— On telephone hotlines/advice lines

Acute psychosocial support is followed by medium- and long-term psychosocial follow-up
support that can sometimes continue for weeks or months (see Figure 9-1).

People who are tightly integrated into their social environment may not need further help at all.
However, psychosocial interventions will often still be necessary in situations where
individuals have personal or family problems or problems at work. Early identification of post-
traumatic stress syndromes and their treatment by a psychiatrist are essential.

9.1.2 Response personnel

The psychological distress experienced by response personnel differs from that experienced by
affected individuals in that response personnel arrive at the scene only some time after the
incident and are safeguarded by protective equipment, their training, operational tactics and
observance of accident prevention regulations.

In addition, response personnel can benefit from preventive strategies they have previously
been taught in training to reduce the risk of late-onset PTSD.
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Figure 9-2:Psychosocial emergency interventions for response personnel before, during and

after distressing assignments (according to BBK 2013)

The implementation of psychosocial emergency support directed at response personnel and
volunteer responders is within the remit of the duty of care of employers and/or respective aid
organisations (Figure 9-2, BBK 2013, BBK 2012):

Preparation for assignment and comprehensive primary prevention. Primary prevention
begins during training and includes an employer-specific culture of health promotion
providing strategies designed to reduce stress in future (extreme) response situations.
Trainers, line managers, trusted colleagues (response personnel specially trained in
psychosocial care) and confidants from the trainee’s social environment have an
important role to play here.

Support from senior response personnel, colleagues and experts in psychosocial care as
secondary prevention during the assignment.

Secondary prevention in the form of follow-up care several days or weeks after the
assignment by line managers and colleagues; most notably in this case specialised
aftercare teams and pastoral staff working for the fire services, emergency response
services, police and the military.

Medium- and long-term aftercare, consisting of counselling services provided by
official authorities and response organisations (secondary prevention) and (early)
interventions designed to identify, treat and provide relief for psychological disorders
of clinical significance.

Managing reintegration/rehabilitation (tertiary prevention).
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9.2 Particular features of psychosocial support in radiological emergencies

The key distinguishing feature of radiological emergencies is the fact that human beings cannot
detect radiation and the potential risks with their senses. They generally perceive the level of
danger to be high or even very high, bringing with it a feeling of great uncertainty.

Another important factor is the fact that affected persons usually know little or nothing about
radiation and its dangers, but at the same time considerably overestimate the risk of potential
harmful radiation effects such as radiation-induced cancers, foetal deformities and hereditary
disorders, and associate them with any accidental acute exposure to radiation. What they
remember of nuclear accidents from the past intensifies their feeling of insecurity, even when
minor accidents occur. It is therefore to be expected that a large number of people will believe
that they are affected and seek help even in emergency scenarios where the actual number of
potentially or actually affected persons is only small.

Individuals whose physical health is intact but are still worried need adequate and informative
explanations of the emergency situation and the risks involved (see chapter 15). Organising
psychosocial emergency support at emergency care centres and hospitals thus presents a major
challenge in this regard. It is essential to put in place appropriate people-flow measures to avoid
overcrowding due to worried persons seeking help. This would not only hamper personnel
looking after exposed persons who need specific treatment for radiation effects but would also
severely impact the entire operation of the emergency care centres and/or hospitals.

The various stages of care needs (see Figure 9-1) in radiological emergencies are no different
from those in conventional mass casualty incidents. However, even “minor” radiological
emergencies may result in high demand for informative and adequate crisis communication due
to worried persons seeking help (see above).

The sequence of preventive measures for response personnel (see Figure 9-2) is also similar,
although primary prevention, beginning during training, is especially important. As a rule,
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radiological emergencies do not feature prominently in the training curriculum for emergency
response physicians or personnel working for rescue services, the fire service or disaster
response services. In addition, trained physicians and hospital staff, like other people, tend to
significantly overestimate the effects of minor irradiation on individuals. One example is an
incident where several hospitals refused to admit a person who had suffered a conventional
injury in an accident during work in a nuclear power plant without any radiation exposure.

An evaluation of previous radiological mass casualty incidents identified several vulnerable
groups needing special attention. In particular, these groups include exposed persons, children
and pregnant women arriving from contaminated areas, persons with pre-existing conditions,
persons unable to understand risk communication due to their mental state, first responders and
clean-up workers, evacuees, persons with pre-existing psychological disorders, and also, if
applicable, employees of the facility where the accident originated and their families (WHO
2020).

Key elements in the successful provision of psychosocial care and support are cross-sector
coordination and the implementation of crisis and risk communication measures (see chapter
15), including possible protective measures. The concerns of people who are exposed or only
worried must be anticipated and actively discussed with them. Affected groups and
municipalities must be integrated into decision-making processes regarding support measures.
Emergency response personnel and staff working for organisations providing long-term support
must be given training in psychosocial skills. Furthermore, ethically sound options for action
should be put in place for all services engaged in providing support, in particular with respect
to preventing and averting exploitation, abuse and discrimination (WHO 2020).

Psychosocial emergency support preparation for response personnel in radiological emergency
scenarios should include a staff-centred culture promoting stress management in emergency
situations (e.g. fire service, ambulance service, police, armed forces and agencies); ideally this
should also extend to the families of response personnel. Psychosocial experts must be given
training in the basics of medical radiation emergency management. Medical (emergency)
personnel should be trained to provide psychosocial support, and all first-response and rescue
organisations must ensure that their staff receive basic training in psychosocial emergency care
(WHO 2020).

Finally, it must be emphasised once again that it is vitally important for expert psychosocial
staff to have had appropriate training for radiation emergencies, otherwise they may transfer
their own anxieties to patients while providing emergency psychosocial support.
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C Technical and organisational aspects

10 Radiation measurement technology
10.1 Radiation detectors and their applications

Appropriate instruments are essential for the detection and measurement of ionising radiation.
The specific instrument to be used depends on which type and energy of radiation is present
and on the particular purpose.

The ambient dose rate is measured using dose rate meters.

The level and distribution of contaminations, i.e. radioactive substances deposited on surfaces,
are measured either directly using contamination monitors or indirectly using wipe tests.

The personal dose can be recorded with personal radiation dosimeters or calculated by
multiplying the ambient dose rate by the duration of exposure.

Radioactive substances may also be carried in the air, in the form of aerosols. To measure this
aerosol activity, first the aerosol is captured using filters. Then radioactivity is measured either
directly (during the collection of the aerosol) or indirectly (after collection, at appropriate
measuring stations).

The person in charge of choosing the appropriate measuring device for a specific situation and
evaluating the measurement results must be someone with experience in radiation measurement
techniques. The evaluation should also take account of data from previous measurements of the
natural background radiation at the same location, if available.

10.2 Dose rate meters

Dose rate meters measure doses per unit of time. If the duration of exposure is known, the dose
rate can be used to calculate the total dose received by a person.

Suitable devices include proportional counters, Geiger (or Geiger-Miiller — GM) counters, some
with an end-window, and scintillation counters.

Another criterion for the choice of device is the level of the dose rate. Scintillation counters and
proportional counters are suitable for measuring low dose rates. Hand-held Geiger counters can
be used to measure higher dose rates that are still low enough to allow personnel to approach
the source. Telescopic dose rate monitors are used to minimise exposure and/or in cases where
measuring must take place from a greater distance.
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The instruments must undergo regular constancy tests, and should also be tested each time
before use to ensure they are working properly. When the instruments are used in situations
where contamination is present they must be protected against contamination. This can be
achieved by covering the instrument with thin plastic foil (this may change its sensitivity to
radiation, in particular beta radiation) or by careful handling (“use one clean hand only to hold
the detector”).

The ambient dose rate that is used to calculate the personal dose of personnel during an
assignment is not determined by measuring the maximum dose rate at radiation sources but by
measuring the dose rate in the area where personnel are working at locations that represent the
actual position of the torso (e.g. at chest height and at a distance of around 0.5 m from radiation
sources).

10.3 Detection of contamination

A contamination monitor is used to detect surface contamination, i.e. pollution with
radioactive substances on the human body and on objects. These monitors measure the pulse
rate (pulses per unit of time) or count rate, usually shown as counts per second (cps) or per
minute (cpm). The count rate, together with the efficiency of the monitor and the total area
scanned, is then used to calculate the specific activity (Bq) or activity per unit area (Bq cm™).
The efficiency of the monitor depends on which radionuclide is present.

Basic technical principles and suitability of measuring devices

The design of contamination monitors is based on different measuring techniques. This
influences the suitability of the monitors for detecting different types of radiation and the choice
of monitor for different contamination situations. The active scanning surfaces of the monitors
are as large as possible to simplify the scanning of larger surface areas. The monitors should
have low sensitivity to gamma radiation in order to minimise the influence of background
radiation. To ensure adequate discrimination between alpha and beta radiation, cross-sensitivity
between individual radiation channels must be as low as possible.

Different types of monitors are available. Monitors using permanently gas-filled ionisation
chambers do not need flushing to remove the counter gas before scanning. The thickness of the
covering makes it impossible to measure alpha radiation. In other gaseous monitors (using
argon/methane or propane) the ionisation chamber must be flushed several times before each
measurement to prevent inaccurate readings. These instruments should not be used at ambient
temperatures of below 5 °C.

Other devices include scintillation counters, which use plastic crystals or zinc sulfide (ZnS) as
scintillators, for example. These monitors do not need to be flushed with gas. However, they
are highly sensitive to gamma radiation and the cross-sensitivity between individual radiation
channels is relatively high. The shape and size of the instrument must be appropriate for
scanning the respective surface and surface area. Ideally, the scanned surface should be flat and
smooth and the monitor should always be held at the same distance from it. When rough
surfaces are scanned, potential self-absorption of radiation by the surface material must be
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considered. Self-absorption is very high when measuring contamination from alpha radiation
on textile materials.

Methods of measuring contamination

Two different methods can be used to measure surface contamination. Direct measurement
involves holding the monitor as close as possible to the contaminated area and moving it
continuously and slowly or scanning small sections of the area one by one.

If the ambient radiation level in the contaminated area is too high, wipe tests are used. These
involve wiping the contaminated area with a special cloth or material and then measuring the
radiation from that. When evaluating the results, allowance should be made for a factor for the
proportion of contamination actually recorded, as the wiping process usually removes only
10 % of the contamination present. Cotton wool pads measuring 50 mm across are commonly
used to wipe areas of 100 cm? or 300 cm?, then the pads are scanned for contamination. The
term screening wipe tests refers to wipe tests applied to relatively large surface areas. These
tests are a highly sensitive means of detecting contaminations on large surface areas and are
used to find so-called hot spots. However, it is important to consider that this method may
spread potential contaminations across the entire surface area being tested and that it does not
detect contaminations that stick to the surface and are not removed by wiping.

Before the devices are used they must be inspected for any visible damage and the battery level
must be checked. The inspection must in particular look for damage to the sensitive thin
protective film on the device, since even minimal damage renders the device unusable. The
protective cover must be removed. Wrapping the instrument to protect it from contamination,
for instance with cling film, changes its sensitivity to beta radiation and potentially prevents
detection of alpha radiation entirely.

Nuclide-specific measurements using special detectors must be conducted by expert personnel,
since handling these detectors and interpreting the results requires extensive knowledge and
experience. One example is in-situ spectrometry, which is used to detect contamination with
specific radionuclides both on large areas and also in minimal quantities.

10.4 Personal dosimetry

In situations or locations with a risk of exposure to ionising radiation, doses should be measured
using individual dosimeters. The type of dosimeter used depends on the type of radiation and
its spatial distribution. For details of requirements for dosimeters, see also SSK 2011.
Dosimeters must always be worn at a position on the body that is representative of the area
likely to be exposed and must always face the correct way. They should also be worn close to
the body surface, not on the surface of protective clothing.

Response personnel should at least be equipped with personal alarm dosimeters, i.e. personal
dosimeters that measure the dose and dose rate and have adjustable alarm thresholds. Besides
monitoring the dose, these devices also give a warning if the wearer unwittingly spends time in
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an area where they are exposed to radiation. It is advisable for all response personnel who may
potentially be exposed to radiation to be equipped with such dosimeters.

Furthermore, all persons who spend time in areas with high dose rates should wear an officially
approved dosimeter. These are personal dosimeters distributed by an officially approved
monitoring body, which also analyses the measurement results. These dosimeters usually do
not require a power supply. They must be suitable for the type of radiation in question. After
use, the dosimeters must be sent to the responsible monitoring body for urgent analysis. For
real-time readings — which the above types of dosimeter do not provide — it is necessary to use
electronic personal dosimeters (EPDs). EPDs allow the user to view the accumulated dose at
any time and to set alarm thresholds for doses and dose rates. EPDs should be calibrated. In
situations where neutron radiation is suspected, appropriate dosimeters must be used.

Electronic dosimeters may also contain telemetry systems, for wireless monitoring. This
enables command staff to advise response personnel in the field accordingly.

When inhomogeneous radiation fields are present, dosimeters that monitor the exposure of
individual body parts to radiation, known as partial body dosimeters, may be used in addition.
These radiation detectors are small in size and are specifically designed to match different parts
of the body to provide representative dose readings. They can be obtained as officially approved
dosimeters from official monitoring bodies.

Retrospective dosimetry is a means of determining a personal dose even for individuals who
were not wearing a dosimeter. It uses:

— comparisons with doses recorded by the dosimeters of response workers who carried
out similar tasks,

— estimations based on ambient dose rate measurements and the length of the assignment,
and

— biological dosimetry and special physical dosimetry techniques (see chapter 11).
10.5 Measuring aerosol radioactivity

Aerosol monitoring is required to estimate exposure due to incorporated radioactivity. The
results of the measurements can then be used to determine what protective measures are needed.

Aerosols are scanned for radiation using two different methods.

Online detection systems involve air being sucked through a filtering mechanism incorporating
appropriate detectors that measure the increase in radioactivity on the filter. When contaminated
air passes through a filter, radioactive aerosols are deposited on it. The amount of deposits on
the filter is proportional to the aerosol activity (activity per unit of volume) in the air that passed
through it. The devices may be fitted with alarms that alert users to increasing aerosol activity.
The detection thresholds of this method are relatively high due to the low air flow rates resulting
from the design of the devices.

The indirect method of measuring aerosol activity also involves a fan pulling air through a
filtering mechanism. The radioactivity levels of the filter are then determined in a laboratory on
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the basis of the dust loading of the filter. Therefore aerosol activity is only known once
laboratory tests are completed, but this method has lower detection thresholds thanks to higher
air flows. As a rule, aerosol monitors must be placed in suitable locations that are representative
of where persons (response workers) are present. Even high-airflow aerosol monitors are only
able to scan small volumes of air. Measurements before response operations are only
meaningful for purposes of scanning a passing aerosol-containing cloud, for example.
Contaminated surfaces may cause aerosol activity mainly due to resuspension of contaminated
particles into the air, which is largely caused by people moving and working in contaminated
areas and by weather effects.
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11 Biological and physical dosimetry
11.1 Biological dosimetry

Diagnostic tests that are more advanced than sequential diagnostics and diagnostic measures
for individual clinical manifestations of ARS are sometimes employed to estimate the level
radiation exposure. Such tests may involve examining a number of biological changes, which
give an indication of the dose involved. Contrary to physical dosimetry, biological indicators
do not identify the actual dose itself but the effects the dose has on the body. Biological
dosimetry therefore gauges the individual biological response to radiation. Recent approaches
in biological dosimetry aim to predict the clinical course of ARS directly and can be
immediately incorporated into clinical decision-making.

11.1.1 Chromosome analysis

Chromosome analysis is one of several biological dosimetry techniques that provide important
information, particularly in cases where results from physical dosimetry are unavailable. It is
usually carried out in lymphocytes.

Ideally, blood samples should be taken within a few days after radiation exposure. However,
since the average life span of lymphocytes is around three years, blood samples may still be
taken several weeks after exposure (Lloyd et al. 1980, ICRU 2019). Early sampling, i.e. within
the first few hours, is especially recommended after exposure to high levels of radiation
(>>1 Gy) because high levels carry the risk of lymphocyte numbers decreasing to such an
extent that chromosome analysis will take much longer or may even be impossible.

A volume of 5 ml to 10 ml of (heparinised) venous blood is needed for chromosome analysis.
It is always important for the laboratory conducting the tests to discuss the procedure in detail
with the physician in charge of the blood sampling — or the affected individual — beforehand in
order to clarify the modalities of the procedure and to coordinate the sampling and subsequent
delivery of the samples. In addition, all available background information relating to the
incident should be reviewed, such as the course of the event, exposure conditions, type of
radiation, if available measurements of the physical dose, etc. to facilitate appropriate
diagnostic measures and examinations.
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Blood cell cultures are grown in the laboratory, and after two to three days lymphocytes are
harvested to make chromosome preparations. The chromosomes then undergo a morphological
assessment. Dicentric chromosomes are recognized in metaphase as having two centromeres.
Spontaneously they occur rarely. After exposure to radiation, the number of dicentric
chromosomes increases following a linear-quadratic dose response curve. The lymphocytes are
stimulated into undergoing mitosis (cell division) using a substance called
phytohaemagglutinin, the number of dicentric chromosomes in the mitotic cells is analysed
under a light microscope and the dose is estimated by comparing this number to corresponding
calibration charts. The technique can be used to assess the effects of doses ranging from 0.1 Gy
to around 4 Gy. Dicentric chromosome analysis is currently the standard method used in
biological dosimetry.

Figure 11-1: Microscope image of a human lymphocyte in metaphase after irradiation (4 Gy).
Two dicentric chromosomes (dic) and associated acentric fragments (ace) can be
seen in the affected set of chromosomes (aberrations). The number of dicentric
chromosomes in irradiated lymphocytes increases with increasing radiation doses.

An alternative method is a technique called fluorescence in-situ hybridisation (FISH), which
involves the detection of stable translocations in chromosomes, i.e., translocations that will
transfer to the next generation of cells. This technique uses fluorescent DNA probes which bind
specifically to given chromosomes and tag them uniformly with a fluorescent dye. Different
probes can be used to tag other chromosomes in the genome specifically or all chromosomes
homogeneously. Translocations are visible under the microscope as changes in the colour
signals in one chromosome. As above, special calibration charts are available to determine the
dose. Translocations are less specific indicators of effects of ionising radiation, but in their
favour they can still be detected several years after irradiation.

Increasing radiation doses reduce the cells’ capability to divide, thus the number of mitotic cells
available for analysis decreases accordingly. In this case premature chromosome condensation
(PCC) can be used, which examines chromatin condensation in interphase nuclei. It usually
involves fusing lymphocytes with mitotic cells (harvested from established cell cultures, e.g.
hamster cells). The latter contains certain agents that dissolve the nuclear membrane and cause
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the chromatin inside to condense. This technique makes it possible to test non-mitotic
lymphocytes and saves time as there is no need to wait for the cells to enter mitosis after cell
stimulation (usually two days), which is unavoidable when using the other techniques
mentioned above. However, when using this technique, kinetics of PCC fragment repair must
be taken into account. 24 hours after irradiation, their normal, spontaneous frequency is reached
again.

It takes qualified laboratories only a few days to carry out chromosome analysis for individual
patients. If the number of exposed persons is very large (a few dozen or more), networks such
as the European Network in Biodosimetry (RENEB?®) should be alerted. This helps to cope
with large volumes of samples, especially as organisations within the network provide various
different testing techniques.

11.1.2 Micronucleus test

Another technique used to determine the biological dose is the micronucleus test. It is less
specific but as easy to conduct as the previous tests. Micronuclei are formed when cells with
chromosome aberrations enter mitosis, during which chromosome fragments without
centromeres (less frequently whole chromosomes) do not move towards the poles of the cells
and are therefore not integrated into the newly formed nuclei. The extranuclear fragments or
whole chromosomes are then encapsulated by a membrane and thus form miconuclei.

This means that micronuclei only appear in cells that have undergone cell division. All cells
which do not undergo mitosis dilute the findings because they will erroneously be counted as
cells containing zero micronuclei. Mitotic activity after stimulation with phytohaemagglutinin
(PHA), for example, varies widely from one human being to another in lymphocytes in
particular — and these are cells that are most frequently used in biological dosimetry. It is,
therefore, imperative to only count micronuclei in cells that have undergone mitosis precisely
once. Adding cytochalasin B to the cell culture enables such cells to be identified as it inhibits
cytoplasmic division but not nuclear division. This leads to the creation of cells containing two
nuclei (binucleated cells) following one mitosis. Micronuclei are only counted in these cells.

Normally, the doses for which micronucleus tests in lymphocytes can be used range from
around 0.3 Gy to 5Gy in individual cases. This dose range can be extended to between
approximately 0.1 Gy and 15 Gy if more complex procedures are used, but such procedures are
in no way suitable for screening large numbers of samples.

The findings from micronucleus analysis can be influenced by age, gender and life style but
also by exposure to other mutagenic agents in the environment (Fenech et al. 1999).

11.1.3 Other techniques and points of contact

Besides the “classic” biological dosimetry techniques described above (dicentric chromosome
(DIC) and micronucleus (MNC) assay), a nhumber of other methods have recently become
established and can be used for a variety of problems in a targeted way. These retrospective
dosimetry methods include biological techniques (e.g. fluorescence in-situ hybridisation
(FISH), premature chromosome condensation (PCC), gene expression profiling (gene expr.),
gamma-H2AX focus assay (y-H2AX), cytological techniques) and also physical techniques
(including electron paramagnetic resonance dosimetry (EPR) and optically stimulated
luminescence (OSL) dosimetry) (Figure 11-2).

% Running the European Network of Biological and retrospective Physical dosimetry
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Figure 11-2: Biological and retrospective physical dosimetry techniques available through
the European Network in Biodosimetry RENEB (www.reneb.net).

In Germany, contact points for information on biological dosimetry are the national reference
laboratory for biological dosimetry at the Federal Office for Radiation Protection (BfS) and the
Radiobiology Institute of the German Federal Armed Forces. Both laboratories are partners of
the European Network in Biodosimetry (RENEB). RENEB is an association of various
organisations that provide access to many biological dosimetry laboratories and to retrospective
physical dosimetry testing. It regularly conducts training sessions around the world through its
associated laboratories and partners with the aim of ensuring the availability of the techniques
and promoting quality assurance, standardisation and further development of the techniques.

11.2 Collection and preservation of samples

General principles

Collecting and preserving samples from patients in hospital serves the purpose of estimating
the severity of potential ARS (diagnostic measures, see chapter 8) but also the purpose of
dosimetry, using physical and biological methods. It is always advisable to consult physicians
with experience in radiation protection (e.g. radiation emergency physicians).

In cases of potential contamination all clothing worn by the patient and all objects, swabs etc.
taken from the patient are deemed to be samples. This also includes all objects normally
classified as waste. All samples must be labelled and put in storage as a whole set if possible.

All waste material from rough decontamination procedures and other first-aid interventions
must be collected in suitable containers separately from other material (to prevent the spread of
contamination and to secure evidence for reconstructing the origins/pathways of the existing
contamination). Disposal of the samples must be carried out by a specialist waste disposal
service or be arranged by the responsible supervisory authority.
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Patients with suspected severe ARS (higher RC grading) must immediately undergo tests
examining leukocytes for HLA?' class I antigens, and cells must also be frozen for later HLA
class Il testing.

Two blood samples must be taken at a four-hour interval and sent for biological dosimetry
testing (see Annex Al-1 and Al-2) without delay.

Depending on the radionuclide in question, urine and stool samples and, if applicable, excised
tissue samples must be collected and preserved in patients with significant wound
contamination in order to detect any incorporation of radioactive material (Annex A1-3).

11.3 Measuring incorporated radioactivity

Incorporation measurements detect radioactivity from radioactive substances inside the
human body or in excretions/human waste. The primary aim of incorporation measurements
is to measure radioactivity that has entered the body through inhalation or ingestion or through
open wounds and to use the results to calculate the dose that the individual patient has received
due to internal exposure. In particular, the findings are used to determine whether decorporation
treatment is necessary to mitigate the radiation dose (see chapter 7). Other objectives of
calculating the dose are (as with personal dosimetry) to determine whether long-term medical
aftercare is necessary and also, in cases of occupational exposure to radiation, for instance in
emergency workers, to document radiation doses in the event of potential future social
insurance claims.

11.3.1 General aspects

Deciding which measurement technique (direct measurement or various procedures involving
analysis of excretions/human waste) is appropriate depends on the type of radionuclide.
Information on measuring centres that provide incorporation measurement techniques suitable
for specific radionuclides can be obtained from the BfS Coordinating Office on Incorporation
Monitoring, the responsible authorities of the German federal states, the individual
incorporation measuring centres and, in cases of occupational incorporation, the regional
radiation protection centres, among others. A list of incorporation monitoring bodies approved
by German authorities can be found in Annex Al-3.

To assess whether decorporation treatment is necessary and, if that is the case, to be able to
initiate treatment quickly, measurements should be carried out as soon as possible after
incorporation. In certain circumstances, further measurements at later dates are necessary to
obtain a more accurate dose estimation. However, if measurements are undertaken at an
incorporation measuring centre, it is always necessary to contact the measuring centre
beforehand to make appointments and discuss the modalities. How soon measurements need to
be carried out after incorporation depends on the type of radionuclide involved and on the way
it entered the body. In most cases of radionuclide incorporation, measurements that are taken
late, e.g. several years after incorporation, will not yield meaningful results.

The way the radioactive substance entered the body (inhalation, ingestion, through open
wounds or through intact skin) and other parameters influence the calculation of the effective
dose, which the measuring centre carries out on the basis of the measurement results. To be
able to distinguish between inhalation and ingestion it may be useful to have a patient rinse
their mouth and blow their nose, collect samples of the excretions and forward the samples to
the incorporation measuring centre after appropriate consultation (see section 11.3). Providing

27 HLA: human leukocyte antigen
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information about the chemical compound that contained the radionuclide at the location can
also help make dose calculations more accurate. Sometimes it may be necessary to take multiple
measurements over a certain period in order to calculate the dose, in particular during long-term
decorporation treatment. When accidents occur in facilities with ambient air monitoring
systems, the monitor readings should be assessed and the results forwarded to the incorporation
measuring centre.

In cases of occupational exposure (which includes exposure of emergency workers) the
incorporation measuring centres report the measurement results and the calculated effective
doses to the German National Dose Register.

11.3.2 Direct measurement (in-vivo measurement)

Direct measurement involves measuring radiation from radioactive substances inside the
human body directly on the surface of the affected person's body. Specialist measuring devices
(whole-body counters, partial-body counters) are used for this purpose. During the measuring
procedure, which typically takes 10 to 30 minutes, the patient — either seated or lying down —is
surrounded by detectors that measure radiation emitted from inside the body. Whole-body
counters are suitable for measuring radiation from radionuclides that spread evenly throughout
the body. In contrast, partial-body counters are used for radionuclides that accumulate in
specific organs or tissues (lungs — in particular shortly after inhalation of radioactive substances
— thyroid gland, bones). To meet the requirement for measurements to be taken as soon as
possible, emergency workers should use mobile devices to carry out initial, roughly indicative
measurements on site. It is desirable for specialist measurement centres to be able to provide
such devices and facilitate measurement around the clock. Standard measuring devices
available from emergency management organisations can be used to measure the dose rate
around a person’s body from incorporated radionuclides, giving an estimate of the approximate
level of radioactivity inside the body.

Direct measurement is appropriate for radionuclides emitting photon radiation (gamma
radiation and X-rays) or positron radiation (from beta plus decay). If a mix of radionuclides has
been incorporated, this method is still appropriate if one of the radionuclides emits this type of
radiation and the ratio of activity levels of the different radionuclides is known. Whole-body
counters measure radioactivity from all measurable radionuclides at the same time, so it is not
necessary to know which specific radionuclide is present. Results are available immediately
once the measurement is complete.

The procedure does not expose the patient to additional radiation, so measurements can be
conducted even if incorporation is merely suspected. Any surface contamination on the person
being scanned must be removed before the scan because the measurement devices cannot
distinguish between radioactivity from external contamination and that from substances inside
the body, whereas the effective dose is mainly caused by radioactivity from inside the body.
Similarly, care must be taken to ensure that the measuring devices used by incorporation
measuring stations are not contaminated. Many measuring stations have shower facilities for
decontamination purposes if needed. Even during initial measurements at the site of the
emergency, it is important to ensure that any contamination has been removed as thoroughly as
possible from the person before they are scanned.
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11.3.3 Analysis of excretions (in-vitro measurement)

Radioactivity levels from the incorporation of radionuclides that emit only alpha or beta-minus
radiation are determined by measuring the radioactivity of human waste (urine or faeces) from
the affected person. As a rule individual samples must be collected over a 24-hour period.
Suitable containers or the appropriate instructions can be made available in emergency
situations by incorporation measuring centres, for example. If collection begins immediately
after incorporation, at least three 24-hour samples must be provided over the first three days
after the intake of the substances.

In most cases the samples must be treated with chemicals in a laboratory before measurements
take place; it may therefore be several days before the results are ready. However, incorporation
measuring centres can process several samples simultaneously, and if available, rapid
measuring techniques can be used in emergencies.

The radionuclide that was incorporated must be known before measurements are carried out
because the type of radionuclide determines which chemical procedures and measurement
techniques are used.

11.3.4 Calculation of the internal dose from radioactivity due to incorporated
radionuclides

The results from incorporation measurements are used to calculate the internal dose, in two
steps: first the incorporated radioactivity is calculated, then a dose coefficient is applied.

Mathematical models describe the biokinetics of radioactive substances, i.e. their behaviour
inside the body after incorporation. These models are used to calculate the relative levels of
radioactivity from the incorporated radioactive substances in the body as a whole (retention),
in individual organs and in urine and faeces at any point in time after incorporation. Tables
showing reference levels are available (BMU 2007) and the proportions can also be calculated
using special software.

11.3.5 Measuring radioactive iodine uptake by the thyroid gland

Measuring radioactivity from incorporation of radioactive iodine is a particular challenge.
Accidents in nuclear facilities can result in the release of radioactive iodine isotopes, in
particular 31, which accumulate in the thyroid gland of healthy individuals. When these
isotopes are released from nuclear facilities, large numbers of people may be affected by
inhaling radioactive iodine. In these situations measurements should therefore be performed by
emergency workers in the emergency care centres. In order to determine the total radiation
exposure of the population it is important that the percentage of affected people who are tested
for 131 is as large as possible. The procedure described below can also be applied to releases of
131] from other sources, and provides an initial rough measurement. A reliable assessment of
the committed organ equivalent dose in the thyroid gland (referred to below as thyroid
committed dose) is only possible from four hours after iodine incorporation due to the
accumulation processes involved.

A simple method of determining the radioactivity from iodine isotopes is to measure the
ambient dose rate in close proximity to the thyroid gland, i.e. holding a detector to the skin on
the front of the neck directly above the collar bones. It is important to minimise influences on
the measurement resulting from the presence of contaminated persons nearby or contaminated
material in the immediate vicinity. Measuring instruments can be protected against
contamination by simply wrapping them in a plastic bag. Instruments must at least be capable
of detecting levels of radiation exposure that will result in a committed thyroid dose
corresponding to the threshold dose level for intervention, i.e. treatment with iodine tablets
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(50 mSv for children, adolescents, and pregnant women, 250 mSv for adults). Dose rate meters
for measuring radioactivity levels in babies and toddlers must be capable of detecting increases
in ambient dose rates of under 50 nanosieverts per hour. It is advisable to use measuring devices
detectors with large-volume detectors and which include a timer to set the time for specific
measurement periods.

a) b)

Figure 11-3: a) Placement of a special dose rate meter at the lower end of the neck just
above the collar bones and directly on the skin. The dose rates involved range from
nSv/h in the low tens to several uSv/h (copyright: SciePro/Stock.adobe).

b) Location of the thyroid gland in men, frontal view (copyright:
SciePro/Stock.adobe).

The committed organ equivalent dose in the thyroid gland (thyroid committed dose) can be
calculated from the measured dose rate using conversion factors deduced from the above-
mentioned biokinetics and dosimetry models. During the period between around six hours and
eight days after the incorporation of *3|, the thyroid committed dose can be approximated using
the measured dose rate and the conversion factors shown in Table 11-1 with the following
equation:

Hsenitdarise = H*(10) - k
where
Hghilddrise 1S the thyroid committed dose (in mSv),
H*(10) is the photon equivalent dose rate measured at the thyroid gland (in uSv h) and
k is the dose conversion factor from Table 11-1, column two (in mSv per uSv h™?).

Outside the measuring period mentioned above the dose rates measured at the thyroid gland are
lower but result in the same organ dose levels (Figure 11-4).
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Table 11-1:Calculation of the organ equivalent dose for the thyroid gland (thyroid committed
dose) from the dose rate measured at the thyroid gland for different age groups.

0 6 12 18 24
Hours

2 4 6 8 10 12 14
Days
Time since incorporation

18

Age group Dose conversion Thyroid committed dose that Dose rate
factor (thyroid must be present to trigger corresponding to the
committed dose per intervention (treatment with thyroid committed
measured dose rate | iodine tablets) after release of dose to be
(mSv/(uSv ht) radioactive iodine from determined (nSv ht)
nuclear facilities (mSv)
<2 years 900 50 60
2—7 years 500 50 100
7-12 years 210 50 240
12-17 years 140 50 360
> 17 years 90 250 2,800
Pregnant 90 50 560
women
=
A
2
()
e
()
8
(a)]

Figure 11-4: Progression over time of the dose rate measured at the thyroid gland in adults
corresponding to a thyroid committed dose of 250 mSv. On the left, time in hours,
on the right, time in days. The period between six hours and eight days after
incorporation (during which a constant dose rate of approximately 2.8 uSv h™* can

be applied) is shaded grey.

More accurate measurements can be carried out at centres that offer in-vivo incorporation

measurements using partial-body counters suitable for thyroid scanning.




Radiation emergency medicine — Handbook for medical care and training 111

11.4 Dosimetry in emergency response personnel

According to Section 2 StrlISchG (Radiation Protection Act), radiation exposure of emergency
workers constitutes occupational exposure. The person responsible for the protection of
response workers according to Section 115 StrlSchG must ensure that the level of exposure is
determined or estimated. Section 150 StrlSchV (Radiation Protection Ordinance) covers the
relevant procedures.

Determination or estimation of exposure should be conducted
— by measuring the personal dose of the emergency worker or

— if measurement is not possible by transferring the results of measuring the personal dose
of another person in similar exposure conditions or

— alternatively by estimating the whole-body dose, in particular based on measurement of
the ambient dose, ambient dose rate, the concentration of radioactive substances in the
air or of contamination in the environment or of other physical parameters, correlated
to the time spent in exposed areas.

Exposure can take the form of external exposure or incorporation of radioactive substances. If
the estimated level of exposure exceeds the thresholds specified in Section 150(5) StrISchV,
the responsible radiation protection officer must report these findings to the radiation protection
register.

11.4.1 External exposure to radiation

In situations involving external exposure to radiation, personal dosimeters are used to determine
the doses (see chapter 10). At-risk personnel often wear more than one dosimeter:

— Anofficially approved dosimeter provided by and analysed by an authorised monitoring
body.

— An electronic dosimeter providing continuous, instantly accessible readings.

— In some circumstances partial body dosimeters, if radiation fields are inhomogeneous
or some parts of the body are expected to be exposed to high levels of radiation (hand,
head, lens of the eye, feet); these devices are also available as officially approved
dosimeters.

The dosimeters must be worn in a position on the body that is representative of overall exposure
to radiation, usually at the front of the torso at chest height. It is important to choose the correct
dosimeter for each specific purpose, taking into account the type of radiation (gamma, neutrons,
beta) and the energy range. Electronic dosimeters should be calibrated. It should be noted,
however, that it is not usually possible to calibrate neutron dose and beta radiation dose
readings.

Before use, dosimeters must be checked to see that they are in good condition, that the batteries
are charged and that there are no dose readings already in the system. Alarm thresholds must
be set as required by the nature of the response operation. Particular care must be taken not to
set warning or alarm thresholds at levels that are too low. If dosimeters emit warning or alarm
signals unnecessarily, response personnel may feel uncertain and confused.

Wireless dosimeters are an excellent means of monitoring exposure during response operations.
These are electronic dosimeters that transmit dose readings to a command centre. Wireless
dosimeters are available from, for example, the German CBRN association (UVB-CBRN —
federal level), some Land authorities for the environment, some nuclear power plants and the
KHG (Kerntechnische Hilfsdienst GmbH).
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11.4.2 Internal exposure to radiation

According to Section 150(2) StrlSchV, emergency workers must be tested for incorporation if
there is reason to fear a relevant incorporation of radioactive substances. Section 115(2)
StrISchG determines that the responsibility for decision-making in this context lies with the
radiation protection executives, authorities and organisations involved in or competent for the
emergency response. Measuring incorporation may be required in particular after deployments
involving unsealed radioactive substances (e.g. solids in powder form, liquids, gases) or sealed
radioactive substances with damaged casings. It may also be necessary to test people who have
been found to have suffered skin contamination (even if the contamination was removed) who
have spent time in a danger zone without respiratory protection or with a damaged respiratory
protection device or who were injured while in the danger zone. Section 150(2) StrlSchV
prescribes that, with the exception of initial rough measurements in the field, measurements
must be carried out by a measuring body designated in accordance with Section 169 of the
Radiation Protection Act.
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12 Self-protection and personal protective equipment
12.1 Self-protective behaviour

Self-protection is based on understanding practical organisational measures while taking
account of general procedures to be observed in any emergency, i.e. recognising the danger,
closing off the area, rescuing people and alerting expert rescue services. The German 4As rule
consists of the following:

— If possible switch off (Abschalten) live electrical devices such as X-ray tubes and
accelerators. Consider moving radioactive sources into a shielding container if such a
container is available.

— Note the location of the radiation source and stay as far away as possible from it
(Abstand) (inverse square root law).

— Spend as little time as possible (Aufenthalt) within the danger zone (even if carrying
out life-saving first-aid measures). Move patients out of the danger zone.

— Make use of available objects such as walls and larger equipment for shielding purposes
(Abschirmung). Position patients behind the shielding in order to reduce the dose they
receive until they are ready for transport and taken away. Installing new shielding takes
too much time and usually delays essential rescue measures.

12.2 Potential risks

If the risk from ionising radiation is solely that of external exposure and there is no risk of
contamination or incorporation (e.g. an accident involving sealed, but not shielded radiation
sources used for materials testing), the victims of the accident/patients themselves do not pose
a risk for medical emergency workers. When X-ray or accelerator equipment has caused
external irradiation, the risk ceases to exist as soon as the equipment is switched off. If this is
not possible, emergency workers must keep a sufficient distance from the radiation source.

When emergency workers are dealing with contaminated radiation emergency patients, it must
be expected that they and their equipment may be contaminated and that they may incorporate
radioactive material. In order to prevent this, emergency response workers and transport staff
must wear appropriate personal protective equipment. As recommended by the 7th and 8th
European consensus conference on triage, contaminated patients should be tagged with a black
letter K. Hospital workers looking after and treating patients at later stages must also wear
personal protective equipment (PPE) until it is certain that patients are no longer contaminated.

12.3 Personal protective equipment (PPE)

If the situation involves unsealed radioactive substances in a form that may be dispersed it is
necessary to wear PPE with different protection levels, in particular to prevent the spread of
radioactive substances and to protect emergency workers against contamination and
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incorporation. PPE is designed to safeguard emergency workers and ensure that they are able
to work in the presence of radiological and nuclear risk or damage.

Putting on and taking off PPE must be practised regularly in team training sessions (SSK 2017b)
in order to ensure adequate protection. The sessions must be accompanied by a person who is
specially trained in radiation emergency management. General occupational regulations must
also be taken into account.

Regulation (EU) 2016/425 (EU 2016) sets out binding provisions for PPE requirements and the
correct use of PPE for all EU member states, and is applicable to PPE for all emergency
response workers apart from PPE specifically designed for use by the armed forces or in the
maintenance of law and order.

The decision on which type of PPE should be worn is made by the head of operations,
depending on the radiological situation, ideally supported by expert advisers. Employers are
obliged to carry out a risk assessment for each emergency worker and document it (Sections 5,
6 Safety and Health at Work Act, ArbSchG 1996). In addition, it is mandatory for employers
to instruct emergency response workers in safe use of individual components of PPE before any
assignments where they may be used. Such training must be repeated at regular intervals as
necessary (Section 12 ArbSchG (ArbSchG 1996) and Section 3 PPE Usage Ordinance (PSA-
BV 1996)).

Examples of PPE for the fire service (body protection type 1 to 3) are shown in Figure 12-1.

Body protection type 1 Body protection type 2 Body protection type 3
(fire service turnout gear plus (full-face supplied air respirator ~ (chemical protective coverall)
protective hood against plus splash-protection/radiation
contamination) protection overall)

Figure 12-1: Personal protective equipment worn by the fire service (body protection type 1
to 3 according to German fire service regulations AKFzV 2022)
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Rescue services including emergency physicians normally do not have their own specific PPE.
The rescue of injured persons from areas that constitute potential CBRN hazard zones is carried
out by specialist emergency response workers such as the fire service or technical assistance
organisations (in Germany: THW, Federal Agency for Technical Relief). Injured persons are
transferred to medical rescue services at the boundary of the hazard zone. However, it is
possible to imagine scenarios in which the medical situation requires the rescue services
including emergency physicians to work inside the hazard zone in order to carry out life-saving
interventions. In these cases, once again the head of operations must ensure that emergency
workers wear the necessary PPE appropriate to the particular situation.

Figure 12-2: Personal protective equipment of medical emergency workers in RN situations
(example: Regional Radiation Protection Centre Neuherberg)

Basic PPE enables emergency workers to deal with contaminated patients without endangering
themselves. Most types of specialised PPE hamper medical treatment and care of patients while
not significantly increasing the protection of emergency workers; this also applies to X-ray
aprons worn as protection against gamma radiation.
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PPE for emergency response workers

The use of PPE depends on the applicable risks, practicability and the availability of individual
PPE items. A list of current legal provisions and a table showing selected items of PPE can be
found in Annex A6.

The following examples may help with decision-making:
PPE category 1:

— The risk of incorporation is small (e.g. at emergency care centres or in hospitals)
— Spread of contamination must be prevented

— Procedures are the same as for emergency situations with risk of infection; general
hygiene measures must also be observed:

— FFP2-certified or higher protective level face mask

— Protective overall, for example made of synthetic fleece

— Single-use nitrile gloves (double pair)

— Robust, anti-slip overshoes or, for use in the field, sturdy, waterproof shoes
PPE category 2:

— The risk of incorporation must be taken into account, respiratory protection must be
worn (e.g. during incidents in the field or during rescue missions)

— Respiratory protective equipment:
a) FFP3-certified face mask in combination with tight-fitting eye protection

b) Half mask plus tight-fitting eye protection and filter system appropriate to the
situation

c) Full face mask with filter system appropriate to the situation

d) Powered air purifying respirators consisting of a hood and a battery-operated
blower with appropriate filters

— Body protection
— Coverall impervious to liquids

— Double gloves (outer gloves suitable for the respective task); wearing two pairs of
gloves of different colours makes it easier to notice minor damage

— Sturdy shoes, waterproof if possible

The provisions of German Fire Service Regulation 500 (FwDV 500) apply to fire service
deployments where there is a risk of incorporating radioactive substances. The decision on the
type of respiratory protection to use is taken by the head of operations in consultation with a
person with experience in radiation emergency management.

If possible a radiation emergency physician (SSK 2017b) should determine the type of PPE that
is appropriate to wear for emergency workers including emergency physicians in specific
situations. The final decision rests with the head of operations, who ideally should consult with
relevant persons who are experienced in radiation emergency management at an early stage.
(Experts should be alerted via the integrated control centres (Integrierte Leitstellen (ILST)) or
fire service control centres).
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If consultation with an expert is not possible, the default choice should be — at least in situations
involving the risk of contamination and incorporation — PPE category 1 plus, if possible, FFP3
masks and tight-fitting goggles. Respirator-type breathing apparatus is usually not necessary.
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13 Transport of contaminated persons

Transporting contaminated individuals and patients poses particular challenges. Transport
personnel should not be endangered, and the spread of contamination should be avoided.
Transporting intensive care patients in particular is very challenging for the personnel involved;
in these cases medical treatment takes precedence over concerns about contamination.

The transport of contaminated persons should be organised by personnel with expert knowledge
of radiation protection who must have the necessary devices to measure contamination and
assess the risks accordingly.

As a general rule it must be expected that transport vehicles will become contaminated and will
require decontamination after the transport or may even need to be disposed of as radioactive
waste. The vehicles and other potentially contaminated objects such as stretchers, ECG
monitors etc. must be checked to ensure that they are free of contamination before they are used
again for persons who are not contaminated.

For instance, if large areas are contaminated in the wake of an accident at a nuclear facility,
within these areas it is possible to deploy vehicles that are contaminated anyway to transport
patients to designated transfer points.

If possible vehicles should be chosen whose interior fittings facilitate decontamination, e.g.
synthetic leather seat covers and smooth-surfaced synthetic interior trim. When driving through
contaminated areas the ventilation system must be switched off or switched to recirculation,
whereas in other areas the ventilation system in the driving cab must be switched to full power
to maximise air exchange inside the vehicle where the transport personnel sits. If possible, the
vehicle’s interior surfaces should be covered with plastic foil to protect them from
contamination. Suitable covers for vehicle seats include protective liners such as those used in
automotive workshops to prevent seats from getting dirty or emergency foil blankets found in
any first-aid Kit.

The PPE must be chosen carefully to ensure that there is no detrimental effect on driving the
vehicle. Full-face masks, for example, restrict the visual field of the wearer while half-masks
do not.
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If possible, contaminated persons should have their clothes removed before transport.
Contaminated clothing must be put into plastic bags, and patients must be given light protective
clothing such as paper overalls, cotton gloves and overshoes to wear during transport. This
mitigates the risk of a patient contaminating others.

Suitable measures must be taken to prevent the patient from suffering hypothermia.

The patients’ medical data as well as information on the exposure situation and, if available,
any results of contamination and dose rate measurements must be forwarded to the emergency
response control centre or rescue coordination centre so that the organisational unit receiving
the patient can make preparations accordingly. In addition to being tagged according to other
triage categories, contaminated patients should be tagged with a black letter K (important for
the hospital admitting the patient) (see also Figure 5-2).

The report should include the following information:
— Number of people affected
— Level of medical urgency
— Level of contamination
— Risk of/potential for spread of contamination
— Potential danger to others
— Accompanying radiation protection support required yes/no

Table 13-1:Decision matrix for choice of vehicle

Transport of Contaminated * Minor injury ** Major injury ***
One person only People carrier PTA EA
Several persons People carrier/minibus PTA EA
Mass casualties Coach/bus PTA EA
PTA — patient transport ambulance; EA — emergency ambulance
* The persons to be transported have their clothes removed and are then given latex gloves, overshoes and
paper overalls
*k Transport if possible, as (*) decided by physicians or paramedics
i Concerns about contamination are less important, medical treatment takes precedence

The severity of the injuries and the number of persons to be transported must be taken into
account when choosing a suitable vehicle. If medical treatment is not the top priority, vehicles
may be used which are mainly suited to the number of persons to be transported. When patients
with injuries are transported, the same criteria apply as for conventional patient transport.
However, it is advisable to remove all interior fittings that will definitely not be needed from
the vehicles so that they cannot be contaminated.
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14 Infrastructure and logistics in hospital

The German Commission on Radiological Protection (SSK) recommended in 2015 that
sufficient numbers of hospitals across Germany should be available to care for victims of
radiological accidents if needed and should put the necessary basic preparations in place (SSK
2015). This was followed in 2017 by the recommendation to prepare a tiered, integrated concept
of precautionary measures and care (SSK 2017b).

Since neither of these recommendations have been implemented in Germany to date, a separate
SSK working group was set up in 2020 in order to bring this about. Its aim is to determine and
develop minimum requirements for hospitals in terms of structural, human and equipment
capacity, in the form of a mandatory requirement profile. This will ensure that victims of
radiological emergencies are treated and cared for in hospitals with specialised facilities and
that standards of care are as uniform and as high as possible. Hospitals are the last point of call
in the rescue chain and therefore have a key role to play in radiation emergency management
(AGGB 2012, Bail et al. 2009, WHO 2011, 2014, Wurmb et al. 2017); in the future, therefore,
their infrastructure and logistics must meet specific requirements. To this end, hospitals should
provide sufficient numbers of beds and qualified staff and should plan organisational measures
and establish adequate medical infrastructure accordingly (Belmont et al. 2004, BMI 2016).
Particular elements of the implementation process are detailed planning of alert systems and
rescue operations, continuous updating and revision of existing guidelines/instructions as well
as regular practice sessions to review the plans for alert systems and rescue operations and to
provide staff training (Scholl und Wagner 2010).

The hospitals in question should reserve sufficient equipment and expertise to guarantee state-
of-the-art treatment and care for patients suffering from different types of radiation damage
(acute radiation syndrome, local radiation damage, contamination, incorporation or combined
injuries, i.e. conventional injury plus radiation damage) (Rojas-Palma et al. 2009).

When planning and organising sufficient clinical admission and treatment capacity to ensure
that patients receive appropriate medical care in radiation emergencies, it is important to
establish minimum requirements for structural, human and equipment capacity and expertise
and above all to take account of these in the planning measures described below (Bail et al.
2009, SSK 2017a, 2017b).

14.1 Emergency alert and response operation planning, planning of measures

Comprehensive planning of alert systems and response operations is essential to ensure that
hospitals are prepared for emergencies and are able to maintain their capacity to treat patients
and to function in the event of a disaster situation (BBK 2020, Wurmb et al. 2017). On the
Lander level, several laws and legally binding provisions require plans for alert systems and
response operations to be established, updated and practised (BBK 2020).

The hospital alert and response plan (Krankenhausalarm- und Einsatzplan; KAEP) for radiation
emergencies must be integrated into the general KAEP. It governs procedures as well as
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preparatory and defensive measures for the prevention, treatment or mitigation of impacts on
health due to ionising radiation in hospitals.

The plan comes into effect when treatment of radiation emergency patients is required. The
purpose of all the plan’s measures is to maintain patient care for as long as possible.

Alert and response planning should be drawn up to cover specific functions and should be
complemented by checklists with comprehensive information on responsibilities, assignment
of hospital rooms and personnel structure in emergency response situations (BBK 2020, Scholl
und Wagner 2010). The KAEP includes an internal alert plan and process descriptions or flow
diagrams that determine the sequence in which individual diagnostic and therapeutic measures
are carried out.

14.1.1 Alert plans — alerting personnel

The key to activating the incident-specific radiation emergency alert and response plan is
recognising and reporting such a situation (Martens 2009). Rescue services, the fire and police
services and personnel working in rescue control centres/hospital emergency departments must
therefore be made aware of and trained on how to recognise a radiation emergency.

The alert plan (Figure 14-1) contains individual alerting rules (BBK 2014), triggers the alert
cascade and regulates the formation of a hospital response control unit or an operational control
unit within the hospital which is the primary management structure and is recruited from
existing hospital personnel (BBK 2020).
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Figure 14-1: Alert plan for hospitals (BBK 2020)

The alert plan describes the sequence in which hospital workers must be alerted and sets out
which members of staff must be called in additionally as needed, for example to cope with
triage and first aid, to set up and run decontamination centres and for security and logistical
work etc. The plan contains a register and a duty rota for the alerted members of staff and
governs the organisation of functional departments including corresponding operational
guidelines (BSMI 2006).

The purpose of the alert system is to notify and inform members of hospital staff. For the alert
system to work effectively, staff lists and contact details must be updated regularly.
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14.1.2 Hospital response control unit

The management organisational setup comprises the hospital response control unit and the
medical response control unit. This structure facilitates the separation of general, administrative
and organisational tasks from medical tasks focusing directly on patients (Adams et al. 2015).

The hospital response control unit consists of the board of hospital directors and largely
corresponds to the unit that manages dangerous internal and external situations, albeit subject
to specific considerations relating to radiation emergencies.

The unit prepares the ground for strategic decisions, submits the proposals to the hospital
management to take the decisions and coordinates action between the hospital’s functional
departments and treatment areas (BBK 2020). The unit thus carries out administrative and
organisational tasks and is responsible for coordinating emergency response procedures,
consulting with and contacting all internal and external contact points (site of the incident, fire
service, responsible authorities etc.) and also keeping the press and the public informed, for
example by setting up a media room or information centre. Public relations and communication
with representatives of the media fall under the responsibility of the hospital board of directors,
if necessary in consultation with the responsible authority.

The head of the hospital response control unit is not involved in the direct care of radiation
emergency patients (Urban et al. 2006).

The unit coordinates the necessary first-response measures and is responsible for the following
(Adams et al. 2015):

— Setting the alert level, alerting hospital staff and initiating preparatory measures
— Maintaining an overview of the situation, documentation and patient information centre
— Traffic management and building security

— ldentifying which standard beds or intensive care beds are available or can be made
available

— Public relations and support for family members of patients

— Maintaining logistics (in particular drugs, blood products, materials, food supplies and
the requisite IT systems/infrastructure)

— Cooperation with external control/management units, in particular coordinating the
transfer of patients to other hospitals

— Organising shifts and staff replacement
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— Demobilisation and the transition from emergency operation to standard hospital
services

— Disposal of radioactive waste

— If necessary bringing in staff with additional expertise (e.g. surgeons, haematologists,
dermatologists, specialists in internal medicine or intensive care and crisis intervention
teams with radiation emergency training)

— If necessary dealing with dead bodies

— If necessary notifying the competent Lander ministries (environment, internal affairs,
situation centre/crisis team)

The medical response control unit is responsible for direct patient care and the necessary
technical procedures (Adams et al. 2015):

— Diagnostic procedures

— Decontamination or decorporation measures

— Admitting patients to isolation or other wards

— Preparing patients for admission and treating inpatients

— If necessary referring or transferring patients to specialist hospitals with personnel
specifically trained for radiation emergencies

In radiation emergencies it is important to take into account both radiation physics and medical
issues. The hospital emergency response unit — if set up — may therefore recruit additional
experts (medical physicists, radiochemists, nuclear medicine specialists, radiation protection
officers and consultants from specialist hospitals).

Internal and external communication channels are especially important when dealing with
radiological emergencies. Professional crisis communication is essential; this includes
informing or alerting hospital workers, patients, emergency response workers and the general
population (EPA 2007). The hospital should therefore lay down an information strategy for
internal and external communication (public relations: press office, media) in advance.

A contact point and information centre as well as a telephone hotline for worried individuals
and relatives of affected persons should also be set up.

14.1.3 Planning of measures

Appropriate planning of measures is required in order for hospitals to develop operational
capabilities and readiness and also for the assignment of specific roles and distribution of tasks
to members of staff (IAEA 2005).

In addition, the hospital alert and response plan includes task sheets with instructions for
individual staff members with specific responsibilities (actors), recovery protocols for materials
and staff and ready-prepared standardised documentation sheets.
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The plan also lists personal protection requirements, sets out special provisions for mass
casualty incidents such as triage algorithms and lays down procedures in the event of fatalities.

Contact information for specialised hospitals and relevant authorities must be kept available
and regularly updated.

14.2 Infrastructure

14.2.1 Hospital departments, treatment areas

Treating radiation emergency patients requires expertise in the following specialist medical
fields in particular: internal medicine (with the emphasis on haematology/oncology), surgery
(with the emphasis on trauma surgery), anaesthesiology, nuclear medicine, and if possible
dermatology and/or radiotherapy.

In addition, emergency departments, intensive care units, operating theatres, laboratories and
physics departments etc. must be available.

The area set aside for triage is also used for administrative purposes, documenting patient
admissions in the hospital IT system. Triage in a hospital setting does not fundamentally differ
from pre-clinical triage (BBK 2020). Patients with life-threatening or severe injuries are
transferred directly to the appropriate specialist departments as in these cases treatment takes
precedence over concerns about decontamination. Contaminated patients without additional
injuries and patients with minor injuries undergo decontamination in the decontamination area
and are admitted if necessary or discharged for further outpatient care. Non-contaminated
patients undergo tests for effects of external whole-body or partial-body exposure and,
depending on the severity of the effects, are admitted or discharged for further outpatient care.

Table 14-1 shows the estimated clinical capacities needed to care for radiation emergency
patients in specialist clinical settings broken down according to various radiological emergency
scenarios. It also shows the medical capacities necessary for preclinical treatment and care, for
ensuring adequate transport of contaminated patients and for psychosocial care (SSK 2017b).
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Table 14-1:Estimated number of persons for whom treatment capacities must be kept available in various radiological emergency scenarios (modified
according to SSK 2017b)

Preclinical

Transport

Medical in specialist settings

Psychosocial/
psychiatric

Initial
triage

Contaminat
ion
measureme
nt

Dose
estimate

Decontami
nation

Special transport
for potentially
contaminated
patients
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triage

Decontami
nation

Decorpor
ation

Treatment
of local
injuries

Intensive
care (ARS)

Psychosocial/
psychiatric care

Accident at a
German NPP
prior to removal
of fuel elements

1,000 -
200,000

1,000 -
200,000

1,000 -
200,000

< 1,000

< 300

< 300

< 300

<100

<100

<100

+++

Accident at a
foreign NPP
located near the
German border

1,000 -
100,000

1,000 -
100,000

1,000 -
100,000

< 1,000

<150

Potentially, within the framework of international support

+++

Accident at an
NPP elsewhere in
Europe

Accident at an
NPP outside of
Europe

Potentially, within the framework of international support

++

Accident at a
nuclear plant or
facility that is not
an NPP

<500

<500

<100

<100

<10

<10

<10

<10

++

Transport
accident

<100

<100

<50

<50

<10

<10

<10

<10

Accidents in
connection with
handling
radioactive
substances (incl.
orphan sources)

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10
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Preclinical Transport Medical in specialist settings Psychosocial/
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Satellite crash <5 <5 <5 <5 <5 <5 <5 <5 <5 - +

+ low number, ++ high number, +++ extremely high number of medical care teams required; - no affected persons expected
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14.2.2 Layout of treatment areas, patient flow, traffic management

In order to prevent or minimise the uncontrolled spread of radioactive substances within the
hospital and the risk of secondary contamination, it is advisable to plan an effective layout and
patient flow in anticipation of radiation emergencies and to update the plans regularly (BBK
2020).

The layout and route plan should be designed according to the unclean-to-clean principle
(black/white or contaminated/non-contaminated) (Figure 14-2) and should be a one-way system
(Cwojdzinski 2008a). Layout planning must consider areas for patient registration, triage,
emergency admission/standard admission, treatment areas and staff changing rooms, among
others. The hospital emergency response plan must include a description of the patient flow
pathways.

Figure 14-2: Admission of patients (triage categories | — IV ) according to the unclean-to-
clean principle (Rojas-Palma et al. 2009) (see also Figure 6-2)

If the layout of the building allows, victims of radiation accidents should not enter the hospital
through the emergency department but through a separate entrance (Martens 2008).

Separate waiting, admission and treatment areas for radiation emergency patients must be
determined and kept available (Haeseler et al. 2008). In addition, provisions must be made for
cordoned-off areas, patient filtering, access controls and patient flow to prevent unauthorised
persons from entering the decontamination area.
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Planning must also include cordoning off access routes and controlling patient access to the
hospital building to safeguard the hospital as a critical infrastructure (Haeseler et al. 2008).

For the eventuality of an incident with very large numbers of injured and contaminated persons,
plans and provisions should be made for decontamination close to the site of the incident,
outside the hospital building (e.g. in tents) or in rooms in the hospital normally used for other
purposes (Martens 2008).

Avreas for waste disposal (in unclean areas) must be kept separate from areas for material storage
(in clean areas).

14.3 Workforce planning

14.3.1 Workforce and teams

The hospital emergency response plan specifies responsible actors who are officially assigned
to carry out defined tasks in designated areas. In radiation emergencies, at least two treatment
teams are required for triage and treatment. A list of personnel who are available for deployment
at the time must be drawn up beforehand (BBK 2020). For the sake of personal protection the
list should be restricted to members of staff who are absolutely needed (Adams et al. 2012) and
who are also adequately trained and protected (Martens 2008).

If contamination is suspected, one treatment team is assigned to a non-contaminated area and
the other to the contaminated area. In the contaminated area, patients are treated by a
decontamination team consisting of staff members with special training in the use of PPE and
the care of contaminated patients (Haeseler et al. 2008).

Depending on the effects that external exposure to radiation, contamination, incorporation or
combined injuries are expected to have on the health of the patients, relevant specialists must
be brought in by way of interdisciplinary cooperation to provide treatment. If necessary, other
specialist hospitals (dermatology, haematology) must be asked to provide advice or consultants.

The disaster response authorities of the German Lander, the Federal Radiological Situation
Centre or specific individual authorities can be contacted, if necessary, for expert advice and
support, for example to determine doses in case of external exposure to radiation and
contamination, determine the whole-body dose in case of incorporation, treat patients with ARS
and partial body exposure and for biological dosimetry.
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14.3.2 Tasks

Pre-prepared task sheets with instructions for individual actors contain descriptions of tasks and
a list of the measures to be carried out (Urban et al. 2006). Checklists help staff carry out their
assigned tasks in a structured and targeted fashion in the event of an incident (BBK 2020).

The decontamination team working in the unclean area consists of medical and non-medical
personnel and nursing staff, each carrying out specific tasks.

A physician is responsible for the medical aspects of patient care (triage, diagnosis, treatment).

A medical assistant supports the physician in delivering medical care to the patients, helps with
decontamination and collects samples as well as contaminated objects, clothing, coverings etc.
for safekeeping.

A technical assistant scans patients for radiation measurements and carries out final
decontamination measures including measuring radiation in the treatment rooms for clearance.

The treatment team working in the clean area carries out additional measures and — like the
decontamination team — consists of at least three members of staff.

A medical assistant keeps a register of the members of staff who are present, distributes personal
dosimeters and records the readings, assists members of staff with entering and exiting the
unclean area, enters patients’ personal data in the IT system and prepares the accident protocol.

A second medical assistant labels samples and puts them into containers, processes the samples
for measurement, records the results of the patients’ measurements and keeps a log of all
interventions carried out.

A radiation protection officer determines the level of protection needed for the staff, is
responsible for radiation protection measures in the treatment rooms, conducts — if necessary
supported by an experienced assistant — more detailed measurements of samples in a
radionuclide laboratory, if available, performs general measurements and estimates doses, and
is responsible for monitoring staff for radiation, including control measurements.

The team leader or the head of the response operation is responsible for the management,
coordination and supervision of the deployment of both teams.

14.4 Supplies, equipment, materials

Supplies, equipment and materials for use in conventional emergencies must be supplemented
by additional resources specifically intended for radiation emergencies as part of preparedness
and emergency alert planning, stored in appropriate depots. As well as recording, listing,
maintenance and expert testing, it is important to constantly ensure that all resources are usable
and that their location is known (Bail et al. 2009).

Resource management specifically for radiation emergencies includes the provision and storage
of PPE for all members of staff who may come into direct contact with contaminated patients
(Martens 2008). The necessary PPE consists of masks, safety goggles, surgical hoods, liquid-
proof overalls or aprons and safety gloves (Haeseler et al. 2008).

The decontamination area should be equipped with showers, decontamination stretchers and
sinks for hair washing as well as containers for waste material. Optional equipment includes
equipment available at special facilities such as whole-body scanners, lung counters and wound
monitors.

With regard to supplies and materials required for patient treatment and care, a stock of
decontamination agents and decorporation drugs must be kept in store with the assurance that
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the supplies can be replenished, e.g. via the in-house pharmacy, along with a set of basic
supplies for initial triage, first aid, decontamination and further patient care. Lists of the
necessary medical supplies and drugs can be found in the literature (BBK und DGKM 2009,
Cwojdzinski 2008b, Martens 2009, NCRP 2008, Rojas-Palma et al. 2009). For decorporation
drugs see section 7.2.

In addition, contamination monitors and dose rate meters must be available (see chapter 10).

145 Logistics

The objective of logistics is to ensure that necessary resources are available in sufficient
quantities at the time and place they are needed without compromising the usual hospital
routine. Resource management includes:

— Information flow (providing IT resources, hardware, software, material registration and
documentation)

— People flow (planning patient distribution, internal and external patient transport, staff
assignment plans)

— Resource planning (provision, storage and transport of supplies, equipment and
materials, pharmacy (emergency medicines, general pharmaceuticals, decontamination
agents, decorporation drugs), auxiliary medical supplies, radiation monitors
(dosimetry), PPE, capacity planning (beds), waste disposal, waste water disposal,
cleaning)

Hospital-specific resource management includes the provision of standard beds and intensive
care beds for patients suffering from severe acute radiation syndrome who need to be isolated.
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15 Crisis and risk communication

In an emergency, effective communication with both the persons affected and the general public
is essential in managing the situation. Communication can be broken down into two elements:
crisis communication and risk communication. Crisis communication provides information
about the nature and extent of the emergency and the emergency response by the authorities
and organisations involved, and informs those affected about necessary protection measures.
Risk communication as used in this handbook refers only to communication that focuses on a
specific emergency and is directly linked to crisis communication. The aim of this form of
event-specific risk communication is to put health risks in perspective with the aid of examples.
This enables affected persons to make as realistic an assessment of their own situation as
possible and thus boost their ability to make decisions and take action and help their
understanding of the protection and treatment measures that need to be implemented. Risk
communication messaging is usually incorporated into crisis communication.

Lessons learned from dealing with previous radiological emergencies have given a clear
indication that effective crisis and risk communication is one of the key elements of successful
emergency response (IAEA 2012, 2020a, 2020b). The objective is not only to encourage the
public to follow instructions and behave accordingly but also to mitigate potential psychosocial
effects due to exaggerated perceptions of risk or uncertainty, for example. This may also include
members of the public who are not directly affected but wrongly assume that they are exposed
to danger (concerned or worried persons) or who spread incorrect information (fake news).
Furthermore, effective crisis and risk communication creates and maintains confidence in
response to the emergency and the institutions involved, and hence also establishes the space
necessary to deal with the emergency (BMI 2014, IAEA 2012, 2020a, SSK 2007).

Crisis and risk communication is therefore part of the overall emergency response and not the
sole responsibility of medical personnel. Medical organisations should however ensure that
systematic crisis communication is in place because these organisations are part of the
framework of emergency response institutions within which they must coordinate with
authorities and other organisations. For this reason, medical organisations should also ensure
that adequate public relations capacity is available for crisis and risk communication. Public
relations managers may recruit medical experts in order to incorporate expert assessments into
crisis and risk communication and to devise situation-specific core messages. However,
medical personnel caring for patients affected by radiological emergencies will also themselves
be directly confronted with aspects and challenges of crisis and risk communication (IAEA
2020Db, 2020c, 2020d).

In the following a brief description is given of the basic elements of effective communication,
highlighting particular issues for medical personnel. For more comprehensive reviews and
details of crisis and risk communication, please refer to the specific publications on the topic
(BMI 2014, IAEA 2012, 2015, 2020a, SSK 2007).
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15.1 Roles in crisis and risk communication

The basic principles of crisis communication described at the start of this chapter lead to the
creation of different roles, responsibilities and reference groups for medical organisations and
their workforce.

Table 15-1:Distribution of roles in relation to crisis communication

Role level Responsible unit within | Task
the organisation

Cross-organisation Emergency response — Coordination

level management/ — Consultation on communication strategy
public relations — General overview

Organisation level Organisation Communication strategy
management — Public relations:
— Public relations Information about the situation and the role of
— Internal the organisation in relation to the specific

communication emergency

— Internal communication:
Impact of the emergency and of the efforts to
manage it on the workforce (internal)

Workforce level Medical staff Informing individual patients on how their personal
health is affected

Medical personnel may be put in situations where they fulfill roles on more than one level.
Apart from communicating directly with patients and their families (workforce level, see Table
15-1) they may be recruited as medical experts for crisis communication or may be contacted
directly by the media for this purpose (cross-organisation level, organisation level). It is
therefore important that adequate arrangements for crisis and risk communication should be
made in advance and the workforce in question receives appropriate training.

15.2 Arrangements for effective crisis and risk communication

Well before an emergency situation occurs every organisation should structure organisational
aspects of emergency response, plan and practise relevant processes and clearly communicate
responsibilities in order to establish an understanding of the roles involved, thus ensuring
effective communication; this applies equally to crisis and risk communication.

The basis for effective arrangements is the establishment of a structure with one person
responsible for crisis and risk communication across the entire organisation who manages and
coordinates communication in the event of an emergency and ideally is also responsible for
planning the arrangements and for implementing relevant training and practice sessions. This
includes drawing up a crisis communication plan that defines target groups in advance and
describes potential scenarios, with appropriate core messages allocated accordingly (IAEA
2015). The messages should also include predictable aspects of risk communication. For a
rough overview of potential target groups, see also Table 15-1.

In addition, it should be ensured that the necessary prerequisites are in place to disseminate the
crisis and risk communication content. These include, for example:

— Contact with the media including a media distribution list and templates for press
releases
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— Access to social media to be able to publish information on these platforms (including
templates)

— Organising how to process enquiries from citizens, affected persons and their families
(e.g. via email, telephone or social media)

— Having a website where information can be pooled, thus relieving the burden on other
channels (e.g. telephone lines)

— The means of disseminating information internally, including relevant agreements with
staff representation bodies so that staff who are not on duty are also included in the event
of an emergency

— The possibility of monitoring reporting in traditional media as well as discussions and
fake news on social media

— Arrangements for press conferences if required (identifying suitable venues etc.)

— Background material (leaflets explaining health risks in radiological emergencies,
information about the organisation itself etc.)

In order to ensure that these arrangements are implemented effectively and to obtain an
understanding of the responsibilities and tasks involved, regular training sessions should be
held, in particular for new members of staff. For the same reason and to highlight gaps in
preparatory measures, crisis and risk communication should be regularly put to the test on its
own or within the framework of larger emergency response exercises.

15.3 Crisis and risk communication in radiological emergencies

Reactions to a radiological emergency are complex and depend on the extent of its impacts and
the specific scenario. Accordingly, the number of authorities and organisations that the
emergency or disaster response control unit will have to coordinate is large. It is therefore
essential to coordinate crisis and risk communication as well, both within the organisation and
also with other organisations and authorities, in order to prevent contradictory information and
to prevent a loss of trust in the response operation. Corresponding arrangements and processes
should be established and coordinated in advance with other organisations and authorities
involved.

Medical staff should be integrated into this approach because all information that they give to
patients or their families could be passed on, in particular via social media, and thus influence
how the risks are perceived by the general population.

Medical staff should have their attention drawn to this and be made aware of the problem and
receive appropriate training.

The basic prerequisite for functioning crisis and risk communication with the outside world is
therefore effective internal communication and constant information provision for the
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organisation’s own staff. Effective information reduces uncertainty among staff, not only with
regard to how they themselves are affected by the emergency but also the extent of the
emergency.

It should always be expected that any emergency associated with radiation will draw a
disproportionate amount of public attention compared to other emergencies of similar
magnitude. The amount of attention may greatly influence how the affected population and the
general public perceive the risks involved (IAEA 2012).

The objective of all effective crisis and risk communication is to build trust and thus reduce
uncertainty as much as possible among the people affected by the emergency. By contrast, the
following issues adversely affect the trustworthiness of information and increase uncertainty:

— Too little information (leads to speculation)

— Too much information (leads to information overload and reduces the ability to act)
— Contradictory information

— Incorrect and speculative information

— Untimely information (receiving information during the period of initial shock is too
soon and information cannot be processed; waiting a long time for information gives
rise to uncertainty and speculation)

— Incomprehensible information
— Placating the public
— Not keeping to commitments (e.g. the next scheduled time for issuing information)

—  Withholding information

15.4 Specific challenges for risk communication in radiological emergencies

As described in chapter 9, emergency situations may affect the mental health of the people
affected.

The way people perceive risk in such situations is influenced by a variety of factors, few of
which the medical workforce has control over, especially in a radiological emergency. Factors
that cannot be controlled include the catastrophic nature of an incident, the way that people are
personally affected, children possibly being affected or unrelenting and omnipresent reporting
of the incident (IAEA 2012). It is all the more important that particular attention is paid to those
factors that can actually be influenced by the medical workforce. They include providing
relevant information and helping people understand the risks to their own health, thus
establishing trust in the response operation (IAEA 2012).

In order to achieve this it is essential that affected persons be given information as continuously
as possible. Care should also be taken to prevent speculation of any kind and to convey
information regarding health risks in a comprehensible way and without using technical terms.
Affected persons in stressful situations have only a limited ability to process information, which
is frequently associated with an exaggerated perception of risk. Moreover, in stressful situations
experts such as medical personnel may tend to revert to their familiar mode of communication,
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i.e. mainly use specialised medical vocabulary which patients find very difficult to understand.
This problem should be addressed in training (IAEA 2020b, 2020c).

As mentioned above, risk perception — especially in radiological emergencies — can be
significantly influenced by various factors and is often intensified in laypersons compared with
people with expert knowledge (International Radiation Protection Association). Such
potentially influencing factors must be taken into account when trying to communicate health
risks to affected persons transparently. Communication should focus on the following main
questions (IAEA 2020b):

— What are the known facts?
— What is as yet unknown?
— What is being done to close this knowledge gap?

Patients may expect negative consequences to their health that can definitively be ruled out at
the level of radiation they were exposed to, such as deterministic effects. In such cases, patients
must be told explicitly that this risk does not apply to them.

In order to be as clear as possible when explaining the health risk, especially in stressful
situations, it may be helpful to put the risk in perspective. Studies have shown that people
generally do not understand or misunderstand information expressed in percentages. It is
therefore preferable to use absolute frequencies (e.g. one person in ten rather than 10 %)
(Gigerenzer und Edwards 2003, Zikmund-Fisher et al. 2010).

However, an underestimated fact is that medical staff themselves often do not have sufficient
knowledge of the risks from radiation either. This can generate uncertainty about the safety of
PPE, for example, or unwarranted anxiety when dealing with potentially contaminated patients.
Medical staff should therefore be given training to familiarise them with radiological risks to
an adequate degree and be given information on self-protection and the severity of the incident
during the ongoing emergency (IAEA 2020b).
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16 Organisation of the emergency response

The German system of emergency preparedness and response is based on government
measures, i.e. measures by federal, Lander and local authorities, but also on preparedness
measures undertaken in the private sector. Particular importance is attached to the general
public and businesses making their own provisions for protection. This includes ensuring the
safe operation of facilities that may pose a danger.

The following is mainly a description of public sector measures aimed at averting harm. In
general terms, these measures can be divided into preventive and protective measures.
Germany’s federal system, in which the federal government, the Lander and local authorities
all have different responsibilities, plays a pivotal role in this regard.

Regardless of the severity of the incident, the police, fire services and ambulance services are
often the first point of call in emergencies. Their actions avert threats on the basis of public
safety legislation issued at the Lander level (e.g. on rescue services and fire safety). Incidents
at facilities where there is particular potential for danger must always be reported to supervisory
authorities.

Incidents causing large-scale damage or harm can evolve to become catastrophic events which
may require the incident to be officially declared a disaster. In particular this applies to incidents
that endanger or damage human life or health, the provision of essential supplies and services
to large numbers of people, significant material assets or the environment in a substantial way
to such an exceptional extent that cooperation is required between different organisations and
authorities under the single leadership of a disaster relief authority in order to ensure effective
damage control. Disaster management is a public responsibility providing preparedness and
response in the event of a disaster, with responsibility in Germany lying principally on the level
of the Lander. Sole legislative competence with regard to radiation protection lies with the
federal government, which can also therefore issue directives on emergency preparedness and
response for radiation emergencies that are classified as disasters within the meaning of the
disaster control laws of the Lander.

Disaster management authorities are responsible for damage control (disaster control) and also
for preparatory measures for disaster control (disaster preparedness). Within the framework of
disaster preparedness they identify relevant hazards and risks within their areas and organise
damage control measures.

Unless there are special regulations concerning responsibility for specific hazard control tasks,
local authorities and their regulatory agencies perform all other hazard control tasks on the basis
of federal or Lander law.

The federal government organises all non-military measures intended to protect the population
in a state of tension or state of defence within the framework of civil defence (civil protection),
for which it utilises the response capabilities of L&nder-level disaster control and supplements
these with other specific resources. The Lander are entitled to these resources (so-called “dual
benefit”, Section 12 Federal Civil Protection and Disaster Relief Act, (ZSKG 1997)) for crisis
and disaster response, among other things. In addition, the federal government can carry out
disaster control measures within the framework of administrative assistance (Article 35(1)
German Basic Law (GG 1949)). Upon request from the Lander, the German Joint Information
and Situation Centre (GMLZ) can carry out coordination and resource management tasks, for
example where there are shortages of resources, thus assisting with disaster control.

There is a particular need for close cooperation between the agencies of the federal government,
the Lander and the local authorities in events affecting more than one Land and in other
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emergency situations where damage is extensive or severe. Emergency response management
must be regarded as a cross-level activity. This is meant to ensure that the necessary resources
for hazard control can be made available if an emergency situation evolves from a minor
incident to a disaster.

Figure 16-1 is a simplified depiction of the danger zone (red) and the restricted zone (green)
with the transition zone between the two, for treatment/care and support. The danger zone and
restricted zone must be adjusted to the specific hazard situation during the emergency response
(see also Recommendation of the Commission on Radiological Protection “Operational
intervention levels for measures to protect the population against incidents involving releases
of radionuclides” (SSK 2019b). Planning areas are defined for the territory surrounding nuclear
power plants in operation, within which preparations must be made for certain measures (5 km
central zone, 20 km middle zone, 100 km outer zone, entire territory of Germany) (see SSK

2014b).

Figure 16-1: Division between danger zone (red) and restricted zone (green) (modified
according to SKK 2008)

As arule, the tasks of the response services within the danger zone usually consist of life-saving
first aid measures and transferring affected persons to the transition zone. These measures
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always take precedence over any decontamination measures that may be necessary. Patients are
subsequently transferred from the transition zone to the treatment/care and support area.

Figure 16-2: Interaction between rescue services, ambulance services and support staff under
the special conditions of a CBRN response operation (modified according to SKK
2008)

Figure 16-2 sets out the rescue, decontamination, and medical measures including emergency
psychosocial support in the different areas.

16.1 The emergency management system for radiological emergencies in
Germany at the federal and Lander level

In order to protect the population and response personnel in the event of radiological
emergencies, the Radiation Protection Act (StrlSchG 2017) transposed Directive
2013/59/EURATOM (Euratom 2013) into national law, thereby updating the emergency
management system at the federal and L&nder level, i.e. further developing the legal and
administrative framework for emergency preparedness and response.
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The Radiation Protection Act integrated the federal government’s legal and technical provisions
for radiological emergency preparedness and response into the complex federal civil protection
system. According to the interlinked structure under the Radiation Protection Act, as a general
rule the authorities responsible for specific administrative and economic areas should retain
their responsibilities and use the instruments that have proven their worth in everyday
operations or in crisis control to manage radiological emergencies as well. The decision on
which protective measures are appropriate in an emergency is taken by the competent
authorities on the basis of Section 109 Radiation Protection Act, the general legal provisions
applicable to such measures to avert danger and provide assistance. One important new aspect
of emergency preparedness is the emergency response plans that the federal government and
the Lander are required to prepare under Sections 97 to 101 Radiation Protection Act. Until
these emergency response plans come into force, the documents referred to in Annex 4 re
Section 97(5) Radiation Protection Act are applied as provisional emergency response plans.

These emergency response plans must be coordinated and are intended to enable all
organisations involved in the emergency response to make coordinated decisions without delay
and take appropriate and timely measures to protect the public in emergencies. The protective
measures to be set out in the plans include:

— measures to prevent or reduce exposure to radiation and the contamination of human
beings or the environment, and

— measures to provide medical treatment or preventive care following exposure to
radiation.

In addition, the emergency response plans must include other measures that the participating
authorities and other organisations should take in an emergency. The aim is to prevent or
minimise detrimental effects on human health or the environment. The emergency response
plans serve to assess and prepare protective measures as the basis for implementing, monitoring,
amending or suspending such measures as well as for cooperation and response coordination in
the event of emergencies.

In the future, on the basis of assessments of potential emergencies in Germany and abroad, the
General Emergency Response Plan of the Federation (ANoPl Bund) will set out defined
reference scenarios which the Federation and the L&nder can use as the basis of their planning
for appropriate responses. This set of scenarios will include not only serious accidents at nuclear
power plants in Germany or abroad but also accidents at other nuclear facilities, transport
accidents or the crash of a satellite containing a radioactive source. In particular, the General
Emergency Response Plan of the Federation includes optimised protection strategies for supra-
regional, regional and local emergencies. As laid out in Section 98 Radiation Protection Act,
the plan also contains a description of the legal foundations, tasks and competences of the
federal government and determinations on procedures and arrangements for cooperation and
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coordination of the emergency response at the federal level, between the federal government
and the Lander and with other countries, the EU and international organisations. The General
Emergency Response Plan will also include provisions to assess the protection strategy and
adapt it to each radiological situation and changes in other circumstances pertaining to the
emergency. At the proposal of the Federal Ministry for the Environment, Nature Conservation,
Nuclear Safety and Consumer Protection (BMUYV), the General Emergency Response Plan of
the Federation will be passed by the federal government as a general administrative regulation
with the consent of the Bundesrat.

The federal government shall supplement and substantiate the General Emergency Response
Plan of the Federation with specific emergency response plans at the proposal of the federal
ministries responsible for the respective specialist areas. These include not only emergency
response plans for contaminated food and feedstuffs, to non-food products and the disposal of
contaminated waste but also a special emergency response plan of the Federation for disaster
response, general security and relief as well as for medical treatment and care for the public and
emergency workers after exposure to radiation.

The emergency response plans of the Federation must be substantiated and supplemented by
general and specific emergency response plans of the Lander after they have come into force.

The Lander authorities responsible for disaster response also have access to external emergency
response plans in accordance with their Lander law provisions for the area surrounding nuclear
installations insofar as emergencies in the installation may lead to serious health problems for
a substantial number of people in the area surrounding installation. These external emergency
response plans supplement and substantiate the planning included in the general and specific
emergency response plans of the Federation and the Lander. They also take into account the
local circumstances as well as the provisions made by the licence holders for on-site emergency
response.

In the event of supra-regional and regional emergencies it is essential that all federal and Lander
authorities always create a radiological situation report to facilitate the assessment of the
radiological emergency. In the case of a supra-regional emergency, the radiological situation
report is prepared by the Federal Radiological Situation Centre, whereas in the case of regional
emergencies the report is usually prepared by a radiological situation centre in the federal state
where the emergency has occurred. The Federal Radiological Situation Centre was set up at the
BMUV as a network comprising the BMUYV, the Federal Office for Radiation Protection (BfS)
and the German Organisation for Reactor Safety (GRS), with support as needed from the
Federal Office for the Safety of Nuclear Waste Management (BASE), the Federal Office of
Civil Protection and Disaster Assistance (BBK) and the German Commission on Radiological
Protection (SSK). Further tasks of the Federal Radiological Situation Centre include
coordinating protective measures, informing the public at national and international level and
drawing up recommendations for steps to be taken.
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16.2 Organisation of the response to radiological emergencies with small
numbers of casualties

Accidents affecting a small number of people can occur when radiation is used in occupational
settings in engineering, science or medicine or when radioactive sources are transported (see
chapter 3). These are generally local incidents. If the accident leads to minor contamination
only, decontamination can take place in the facility where the accident occurred. According to
Section 81 Radiation Protection Ordinance (StrlSchV 2018) an authorised physician must be
consulted if in an occupational setting a person has been exposed to levels of radiation that over
the course of one year exceed the effective dose of 20 mSv or the equivalent dose of 20 mSv
for the ocular lens or of 500 mSv for the hands, forearms, feet or ankles or a local skin dose of
500 mSv. Such events must be reported to the competent authority without undue delay
according to Section 167(4) Radiation Protection Act (StrISchG 2017).

For guidance in impending rescue operations, emergency workers will consult the regulations
for rescue and ambulance services and patient care in CBRN situations (SKK 2008) even in
scenarios that do not constitute an MCI%, not least for reasons of self-protection.

The employer’s liability insurance associations are responsible for occupational benefits, for
which they have support available from the Institut fir Strahlenschutz (institute for radiation
protection — IfS) in Cologne. The IfS has a Germany-wide network of seven regional radiation
protection centres (see Annex Al-4) providing advice on care for patients injured in radiation
accidents. For patients with particularly severe radiation injuries a hospital in Ludwigshafen
specialising in occupational accidents has set up a special, appropriately resourced ward.
Patients are usually referred by the regional radiation protection centre responsible for the area
where the accident occurred.

16.3 Organisation of the response to radiological emergencies with large
numbers of casualties

In the following, an accident at a nuclear power plant is used as an example to describe the
approach to organising the response to an emergency with regional and supra-regional impacts
caused by the release of radioactive substances and expected to have severe consequences. This
approach can however also be used in emergency scenarios with less severe impacts.

Radiological emergency preparedness and response in nuclear power plants

The utilisation of nuclear fuels is subject to the control regime of the European Atomic Energy
Community (EURATOM). Provisions such as EURATOM’s basic standards must be
transposed into national law and become binding for the member states.

According to the German Basic Law, the federal government is the competent legislator
regarding the peaceful use of nuclear power and protection from ionising radiation.

The Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer
Protection (BMUV) is the competent supreme federal authority and also the contact point for
international partners. With respect to emergency preparedness and response, the BMUV s
supported by other federal authorities such as the Federal Office for Radiation Protection (BfS).

The BMUV participates in legislation and in issuing non-statutory laws, regulations and
administrative provisions. The supreme authorities of the Lander responsible for implementing
laws relating to nuclear energy and radiation protection are generally tasked by the federal

28 Mass casualty incident
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government (federal executive administration) with the licensing and monitoring of nuclear
power plants and other nuclear installations and facilities. In this context, the BMUV as the
supreme authority for laws relating to nuclear energy and radiation protection monitors legality
and fitness for purpose.

Insofar as such statutory tasks are not allocated to other bodies, the respective L&nder
governments determine which supreme Lander authorities are responsible for the areas of
nuclear licensing and compliance with nuclear energy and radiation protection laws and which
are responsible for the different aspects of emergency response in the case of emergencies
outside the above-mentioned facilities, in particular for disaster control, other tasks to avert
danger to the public and provide assistance and for medical treatment and preventive measures.

The field of nuclear emergency preparedness and response also takes into account multilaterally
coordinated IAEA standards such as safety standards for the protection of life, health and
property as well as the ICRP radiation protection principles.

In addition, independent interdisciplinary bodies such as the Reactor Safety Commission (RSK)
and the Commission on Radiological Protection (SSK) advise the BMUYV at a national level on
issues surrounding nuclear safety and radiation protection. These expert recommendations for
civil protection matters were usually implemented across the federal states by committee vote
with the participation of the Lander. The recommendations are now taken into account during
the process of substantiating the emergency management system.

Emergency preparedness and response for nuclear facilities in Germany encompass two areas
with the following priority tasks:

— On-site emergency preparedness and response is the interface between measures put in
place by the facilities’ operators and external emergency preparedness and response
implemented by the authorities. On-site emergency preparedness and response
comprises all technical and organisational measures within power plants designed to
prevent a discharge of radioactive substances through monitored emission routes or
releases through non-monitored routes or to keep such discharges/releases to a
minimum.

— Off-site emergency preparedness and response comprises all measures designed to
protect the public and the environment that are carried out in the event of an accident or
hazardous incident outside the plant or facility in order to keep exposure of the public
and emergency workers to radiation and the contamination of the environment to a
minimum.
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Figure 16-3: Schematic outline of radiological emergency preparedness and response in
Germany

The objective of on-site emergency preparedness and response at nuclear power plants is to
prevent damage to the reactor core and to reduce the effects of beyond design basis events (see
GRS 1980) on the environment. Responsibility for on-site emergency preparedness and
response as an element of nuclear safety lies with the licence holder of the nuclear facility. This
obliges the licence holder and operator to put in place appropriate provisions and procedures
for on-site emergency preparedness and response and thus ensure that risks to human beings
and the environment are kept to a minimum in the event of hazardous incidents or accidents.
Proof that these preparedness provisions are in place must be provided to the licensing authority
before an operating license is granted. The provisions are monitored by the supervisory
authorities responsible for nuclear safety and radiation protection. They also supervise the
process of updating the measures to match state of the art in science and technology. As a rule,
off-site measures are only needed in situations where on-site emergency preparedness and
response measures are not effective or only partially.

The licensing procedure as set out in Section 7 Atomic Energy Act (AtG) also takes account of
beyond design basis events for which off-site emergency preparedness and response measures
must be available. These are meant to ensure that harmful effects in the area surrounding the
plant are kept to a minimum. This requirement is met if the radiological effects do not
necessitate significant emergency response measures given realistic conditions surrounding the
incident.
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17 Emergency care centres —incidents with a large number of
affected persons

Emergency care centres are an essential part of precautionary emergency management planning
for accidents at nuclear facilities and other emergencies with larger numbers of affected
persons. They are set up according to a Germany-wide, uniform structure intended to facilitate
operations across Lander borders (IMK 2014a).

Emergency care centres are facilities where patients receive initial medical care and treatment,
are examined for contamination and decontaminated if necessary, exposure levels are estimated
and affected persons and emergency workers are assessed for radiation effects. They are also
the location for supporting measures such as information provision, supportive care,
psychosocial emergency care if necessary, and decontamination measures for individuals
directly affected by the accident.

In principle the nationally harmonised structure can also be used in other radiological
emergencies involving large numbers of affected persons (e.g. terrorist attacks). Exposed or
contaminated patients receive initial medical attention with the aim of reducing harmful
deterministic effects and/or avoiding their occurrence altogether and to minimise stochastic
effects. The Standing Conference of Interior Ministers and Senators of the Lander (IMK) (IMK
2014a, 2014b) issued framework recommendations for the establishment and operation of
emergency care centres for use in disaster response, which the Lander implement on their own
responsibility. The framework recommendations are based on the recommendation “Questions
relating to the set-up and operation of emergency units” by the German Commission on
Radiological Protection (SSK 2014a) and on the concluding report of the Fukushima interstate
task group, a group established by workgroup V of the IMK (see IMK 2014a).

The recommendations provide a framework for planning, while their establishment and
operation are the responsibility of the L&nder, with corresponding regulations set out in
emergency response plans. A mobility strategy allows for flexible deployment of emergency
workers and supplies and generally facilitates cross-L&nder assistance.

Emergency care centres are set up in pre-planned premises adapted to the situation and located
outside the area affected by the release of radioactive substances and, if appropriate, in
designated reception areas. The chosen location should be conveniently situated for vehicle
access, with the possibility of separate entry and exit routes, and have sufficient parking spaces.
On the basis of scenario-specific estimates of the number of potentially affected persons (see
Table 3-3 and Table 14-1), provisions must be made for continuous operation to deal with up
to 1,000 people within 24 hours in the event of a major accident at a nuclear power plant (SSK
2017D).

An information centre should be set up in the emergency care centre so that new arrivals can
obtain information if needed. Crisis communication (see chapter 15) for the emergency centre,
in coordination with the competent authority, is also conducted here.

The competent authority advises directly affected persons to report to an emergency care centre.

People who have left the hazard area or evacuation area pre-emptively before radiation was
released and people who are not contaminated or have not been exposed to radiation (see
chapter 2) should avoid visiting the emergency care centre but should be transported along the
prepared, publicly announced evacuation routes to the envisaged reception areas or should
make their way there themselves. This ensures that persons who are not affected, i.e. neither
contaminated nor suspected of having incorporated radioactive substances or been exposed to
external radiation, do not visit the emergency care centre, thus preventing overcrowding.
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17.1 Purpose of an emergency care centre
An emergency care centre is where persons who have been exposed to radiation receive initial
medical attention; it fulfils the following tasks:

a) Informing the public about the accident situation and its impacts and about what to do
in the emergency care centre and after leaving it

b) Initial medical treatment and care and psychosocial emergency care

c) General support for affected persons

d) Monitoring patients for contamination

e) Carrying out decontamination measures

f)  Estimating the level of exposure (external irradiation or incorporation)

g) Estimating the thyroid committed dose and if necessary distributing potassium iodide
tablets

h) Assessment of radiation effects by a specialist in radiation medicine
1) Transferring people in need of treatment to outpatient or inpatient care

J) Informing the public about and if necessary providing accommodation/shelters in
reception areas, especially for affected persons who cannot be accommodated by
relatives or friends

k) Registering and recording data from persons using the services of the emergency care
centre
17.2 Operating an emergency care centre

The disaster response authority responsible for setting up an emergency care centre appoints
the management of the centre and the management of each subunit. A team referred to as the
emergency care centre section management is responsible for technical/tactical management of
the emergency care centre. The section management team itself is subordinate to the head of
technical operations (TEL).

If at all possible, a radiation emergency physician within the section management should be in
charge of decision-making on medical issues (see SSK 2017a). The emergency care centre has
the following subunits through which affected persons are guided depending on their needs (see
Figure 17-1):

— Controlled access and information
— Collection of personal data and registration
— Contamination testing and measurement, decontamination
— Estimation of radiation exposure
— Assessment by radiation emergency physician
— General support and arrangement of accommodation
The following special units are set up to perform cross-unit tasks:
— Information centre
— Catering
— Initial medical treatment and care (if not yet received)
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— Psychosocial emergency care

— Stewarding and general services

Figure 17-1: Organisational chart of an emergency care centre
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Individual key units are described in more detail below. Comprehensive information on the
operation of emergency care centres is included in the framework recommendations for the
establishment and operation of emergency care centres (IMK 2014b). The recommendations
are substantiated in planning measures by the Lander and laid down in emergency response
plans.

Collection of personal data and registration

In the entrance area, new arrivals receive information on the sequence of procedures at the
emergency care centre. New arrivals who have travelled from or through an affected area are
advised to pass through the emergency care centre, where their data are recorded in the
questionnaire shown in Annex A3-2. As they pass through the centre, people take this
questionnaire with them so that all measured data, dose estimates and findings can be entered
into it.

Initial medical treatment and care

In the entrance area, persons with acute medical problems should be identified and if
appropriate — after initial medical treatment if needed — referred to a hospital or emergency
medical practice without prior decontamination.

Life-saving first-aid measures must be undertaken at the site of the accident (see section 5.2),
after which patients are transferred directly to a hospital. If the medical condition of the patient
allows, they should be examined for contamination and tagged accordingly or given a record
of the result to take with them (see Figure 5-2).

Tasks focus on assessing the general condition of individuals and determining whether
interventions to treat radiation-induced health effects are necessary. Such interventions are
based on the estimated level of exposure and the exposure documented in the questionnaire
(Annex A3-2), any early symptoms of or actual acute radiation syndrome. Treatment of acute
harmful radiation effects takes place elsewhere.

Contamination measurement and decontamination

If contamination may have occurred, measuring and detection equipment (see chapter 10) is
used to identify and localise the contamination and to confirm successful decontamination. The
results of these measurements provide the basis for deciding whether the patient needs urgent
treatment and what interventions are required.

Contaminated objects are principally dealt with according to regulations applicable in the
respective federal state and the German fire service regulation 500 (FwDV 500) (CBRN
deployments).

Estimating the committed equivalent dose in the thyroid gland and measuring the thyroid
dose rate

Estimates of the thyroid committed dose following incorporation of radioactive iodine are based
on available data on ambient radioactivity and on the location of affected persons at what time
and for how long. If the estimated thyroid committed dose is above 50 mSv, the dose must be
checked at the thyroid gland by taking a measurement using highly sensitive ambient dose rate
meters (Figure 11-3) (see SSK 2014a). Details of the measurement and how to convert the
measured value to the dose rates and then to the thyroid committed dose are described in section
11.3.5 “Measuring radioactive iodine uptake by the thyroid gland”. The results from these
measurements are used for dose estimates and also for dose reconstructions. Due to the short
physical half-life of the radionuclide iodine-131 (about eight days) it is particularly important
for the measurements to be taken promptly.
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Estimating the whole-body dose

Whole-body dose estimates are made on the basis of the individual doses that affected persons
have been exposed to at different locations and on the timing and duration of those exposures.
The data necessary for rough dose estimates are provided by the body/authority responsible for
preparing the radiological situation report and entered in the questionnaire (see Annex A3-2)
by emergency response staff at the subunit responsible for estimating radiation exposure.
Special software may be used for dose reconstruction in order to identify the whole-body dose.
The decision on whether a person can be safely discharged to continue on their way following
estimation of the dose and medical assessment by a (radiation emergency) physician depends
on whether the examination reveals signs of high levels of exposure (early ARS symptoms) and
on the result of the dose estimation. Patients who are severely contaminated and persons who
are suspected of having received effective doses of more than 100 mSv should be admitted to
hospitals specialising in radiation medicine for specific treatment.

The dose estimates are normally imprecise and therefore can only be a rough indication of an
individual person’s actual exposure. In patients with clinical manifestations of radiation effects
(see chapter 8), early symptoms are the key factor in determining subsequent treatment and
care.

Taking into account the requirements described in section 7.2, potassium iodide tablets are
distributed in emergency care centres if indicated in individual cases, but only to persons who
have not taken potassium iodide tablets previously as recorded in the details on the
questionnaire (see Annex A3-2).

17.3 Radiation exposure of emergency response workers at the emergency
care centre

Emergency response measures in emergency care centres must be planned in such a way as to
prevent any unnecessary exposure to radiation and contamination of human beings or the
environment. Protecting emergency response workers against potential contamination and
radiation exposure is therefore a matter of high priority. As a general rule, all emergency
response workers who are at risk of being exposed to radiation should wear personal dosimeters
(Section 150 StriSchV).

Emergency care centres are set up outside the area affected by the release of radioactive
substances. However, it is impossible to completely eliminate the risk of contamination from
contaminated persons or objects for emergency workers deployed to the emergency care
centre’s potentially contaminated area (black zone) (Section 5(13) StrISchG), i.e. members of
rescue and ambulance services, the police and fire services or other support personnel. The dose
thresholds detailed in Section 114 StrlISchG must be applied to radiation levels identified in
emergency workers (see section 11.4). In some cases these threshold values may need to be
optimised following an assessment of the specific situation. Emergency response workers
deployed to emergency care centres must be given information on potential health risks and on
protective and monitoring measures they must take, and they must also be given relevant basic
and further training as appropriate (Section 113 StrISchG).
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GAMS Gefahr erkennen, Absperren, Menschenrettung durchfiihren, Spezialkréfte
alarmieren (identify danger, cordon off, rescue people, alert special forces)

GG Grundgesetz (German Basic Law)

GGVSEB Gefahrgutverordnung Strale, Eisenbahn und Binnenschifffahrt - GGVSEB
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Annex

Al Biological dosimetry

Biological dosimetry is available at the Federal Office for Radiation Protection (BfS) and at the
Radiobiology Institute of the German Federal Armed Forces.

Al-1 Fact sheet of the Federal Office for Radiation Protection

Fact sheet on blood tests for chromosome analysis
Reasons for chromosome analysis in the context of biological dosimetry

Biological dosimetry is a technique used in suspected cases of severe exposure to radiation to
identify the exposure and if necessary quantify the radiation levels by estimating the dose. To
this end it examines chromosome damage in lymphocytes from peripheral blood.

Biological dosimetry is necessary
— ifaperson did not wear a dosimeter during exposure or potential exposure to radiation,

— if the evaluation of physical radiation monitoring procedures is inconclusive so an
independent information source is required,

— if potential exposure to radiation needs to be ruled out, for example if dosimeter
readings indicate an exposure but the wearer has not been exposed to radiation at all.

Please follow the instructions below to ensure optimum conditions for chromosome analysis.
For best results, blood samples must arrive at the laboratory within 24 hours of collection.

Contact prior to collection of blood samples

The special cytogenetic laboratory for biological dosimetry (Fachgebiet Biologische
Dosimetrie) at the Federal Office for Radiation Protection should be contacted as soon as
possible after accidental exposure to radiation and before the collection of blood samples.
Questions that need to be discussed are how the exposure to radiation came about and whether
a chromosome analysis is appropriate from an expert point of view. The laboratory will also
provide information on how to send the blood samples and who will cover the costs.

Bundesamt fur Strahlenschutz

Fachgebiet Biologische Dosimetrie (WR2)

Ingolstadter Landstr. 1

85764 Oberschleilheim

Email: biodosimetry@bfs.de

Tel.: +49 (0)30 - 18333-2213 / 2218 / 2945

Website: www.bfs.de (search for “biological dosimetry”)

Instructions for collection of samples

— The Federal Office for Radiation Protection will provide and send out blood sampling
systems (Sarstedt, Lithium Heparin, S Monovette) and packaging (according to Pl 650
_IATA) on request in advance.

— Collect 5 ml to 10 ml venous blood in a collection tube coated with lithium heparin (one
tube per person).


http://www.bfs.de/

167

— Carefully hold the tube upside down and swivel from side to side for one minute in order
to ensure complete mixing of heparin and blood.

— The tube must be clearly labelled with the name of the patient, the date and time of the
blood sampling.

— Store blood samples at room temperature until they are dispatched, do not refrigerate
them!!

Shipment of blood samples

— Blood samples must be sent as soon as possible by express post or courier. Choose the
option “delivery before 12 noon” for the day after the blood sample was taken to ensure
delivery within 24 hours.

— Packaging and labelling of the samples must comply with the relevant regulations (UN
3373, Biological Substance, Category B / P1 650). You will receive all the information
and assistance you need when you contact the BfS.

— Please use the packaging provided.
— Caution: do not refrigerate during transport!

Notify the BfS laboratory of the time of shipment and the shipment code (for tracing purposes).
If you have any further questions please contact the Fachgebiet Biologische Dosimetrie.
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Al-2 Fact sheet for chromosome analysis from the Radiobiology Institute of
the German Federal Armed Forces

Dicentric chromosome analysis in human peripheral blood lymphocytes is currently the method
of choice in biological dosimetry after acute whole-body or significant partial-body exposure.

Dicentric chromosome assays are used when a person who has potentially been exposed to
radiation did not wear a physical dosimeter, when dosimeters malfunction or when physical
dosimeter readings were not or equivocally evaluated. The collection of blood samples and
shipment of the collection tubes must follow the protocol described below in order to ensure
optimum conditions for analysing the samples. The laboratory must be contacted beforehand to
discuss the timing of shipment.

— Please contact us before you collect blood from the patient so that we can make preparations
for the arrival and collection of the samples.

— Blood sampling should not take place before 24 hours have passed after exposure but should
then be carried out as soon as possible.

— Lithium heparin tubes (minimum volume 3 ml; optimum volume 2 X 5 ml tubes) must be
used for all blood samples (if not available: sodium or ammonium heparin tubes). Always
make sure to safely dispose of used materials such as cannulas and needles. Carefully shake
the tubes for two minutes to ensure thorough mixing. Please label the collection tubes
clearly using the code system of the receiving laboratory and fill in the exposure
questionnaire.

— Carefully wrap and package the tubes to prevent breakage during transport. The samples
should be stored at 20°C (room temperature). Never freeze the samples or let them freeze
during transport. To ensure that the blood samples are kept at room temperature during
storage and transport you can place the tubes between gel packs that have been stored at
room temperature for several hours beforehand.

— The collection tubes must be shipped immediately after sampling. Use special carriers and
choose overnight airmail express options when sending the samples to ensure that we
receive them early in the morning the day after sampling. Let the laboratory know which
carrier you have used and tell them the transport invoice number.

Important for the traceability of the sample:

—  For best results, we must receive the blood samples within 24 hours of sampling.

—  Please enclose the fully completed questionnaire (information on exposure and blood
sampling) and request form including declaration of consent with the samples or send
the forms to our laboratory by fax: +49 (0)89/992692-2255.

— When sending the samples by airmail, the packaging and labelling must comply with
current International Air Transport Association (IATA) regulations. These stipulate
that packaging of blood samples must conform to United Nation Regulation 650 for
biological substances. Commercial Saf-T Pak packaging (apps.saftpak.com) meets
the relevant requirements (STP210). Other packaging is also allowed as long as it
meets the relevant requirements.

Packaging P650 (three-component packaging):
o Waterproof primary container (e.g. Monovette)
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o Waterproof secondary container (e.g. Ziploc bag)
o Sufficiently robust outer packaging
Either the secondary or the outer packaging must be rigid!
o Place sufficiently absorbent material between the primary and secondary container

o The primary container or the secondary container must be able to withstand a pressure
difference of 95 kPa

o The package as a whole must remain undamaged after a test drop from a height of
1.2m

o The package must be labelled TC-125-1B (e.g. STP 210 packaging)

o If the carrier company packages the samples itself, make absolutely certain that the
outer packaging is labelled 125-1B.

Markings and labelling on the outer packaging for transport by air:
o Name, address and telephone number of the recipient and the carrier company
o “Biological substances, Category B UN3373”
o Diamond-shaped UN3373 sticker
e Two direction arrows on opposite sides of the package
e “NICHT BESTRAHLEN* and “DO NOT X-RAY*
e “NICHT EINFRIEREN“ and “DO NOT FREEZE*“
Transport costs

o Information can be found in Biological substances, Category B UN3373

Institut fir Radiobiologie der Bundeswehr
Neuherbergstralle 11

80937 Munich

Germany

Tel: +49 (0)89-992692-2251

Fax: +49 (0)89-992692-2255

Email: institutfuerradiobiologie@bundeswehr.org
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A1l-3 Contact information for approved laboratories for incorporation
monitoring according to Section 169 Radiation Protection Act

A current list of officially approved laboratories for incorporation monitoring can be found at
https://www.bfs.de/EN/topics/ion/service/incorporation/approved-

laboratories/approved-laboratories.html

Approved laboratory for incorporation monitoring
(ALIM)

Monitoring procedures
offered

Bundesamt fiir Strahlenschutz (Federal Office for
Radiation Protection)

Kdpenicker Allee 120 -130

10318 Berlin

Tel.: +49 (0) 3018 333-4546

Email: ikm-berlin@bfs.de

in vivo and in vitro

Karlsruher Institut fir Technologie (KIT)
SUM In-vivo-Messlabor

Postfach 36 40

76021 Karlsruhe
http://www.sum.kit.edu/In-vivo-Messlabor.php

in vivo

Karlsruher Institut fir Technologie (KIT)
Medizinische Dienste

Toxikologisches Labor (MED-TOX)
Postfach 36 40

76021 Karlsruhe
www.med.kit.edu/MED-TOX.php

in vitro

Eberhard Karls Universitat Tubingen
Isotopenlabor und Strahlenschutz
Rontgenweg 13

72076 Tubingen

in vivo

Eberhard Karls Universitat Tubingen
Isotopenlabor und Strahlenschutz

Auf der Morgenstelle 24

72076 Tibingen
https://uni-tuebingen.de/einrichtungen/zentrale-
einrichtungen/isotopenlabor-strahlenschutz/unser-
service/isotopenlabor/

in vitro

Bayerisches Landesamt fur Umwelt (Bavarian State
Office for Environment)

Dienststelle Kulmbach

Messstelle fir Radiotoxikologie

Schloss Steinenhausen

95326 Kulmbach

Tel.: +49 (0) 9221 604-1780

Email: ulrich.kratzel@Ifu.bayern.de

in vitro



https://www.bfs.de/EN/topics/ion/service/incorporation/approved-laboratories/approved-laboratories.html
https://www.bfs.de/EN/topics/ion/service/incorporation/approved-laboratories/approved-laboratories.html
mailto:ikm-berlin@bfs.de
http://www.sum.kit.edu/In-vivo-Messlabor.php
http://www.med.kit.edu/MED-TOX.php
https://uni-tuebingen.de/einrichtungen/zentrale-einrichtungen/isotopenlabor-strahlenschutz/unser-service/isotopenlabor/
https://uni-tuebingen.de/einrichtungen/zentrale-einrichtungen/isotopenlabor-strahlenschutz/unser-service/isotopenlabor/
https://uni-tuebingen.de/einrichtungen/zentrale-einrichtungen/isotopenlabor-strahlenschutz/unser-service/isotopenlabor/
mailto:ulrich.kratzel@lfu.bayern.de
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Bundesamt fiir Strahlenschutz (Federal Office for
Radiation Protection)

Ingolstadter Landstrale 1

85764 OberschleiRheim

Tel.: +49 (0) 3018 333-2432

https://www.bfs.de/DE/themen/ion/service/inkorporation/

messstelle-muenchen/messstelle-mue node.html

in vivo

Framatome GmbH

Inkorporationsmessstelle - Ausscheidungsanalytik
Postfach 1109

91001 Erlangen

Tel.: +49 (0) 9131 900-97664

Email: traudl.krec@framatome.com

in vitro

Framatome GmbH
Inkorporationsmessstelle - Bodycounter
Postfach 1109

91001 Erlangen

Tel.: +49 (0) 9131 900-97679

Email: rainer.bezold@framatome.com

in vivo

Universitatsklinikum Wurzburg (University Hospital
Wirzburg)

Klinik und Poliklinik fr Nuklearmedizin
Oberdirrbacher Strafle 6

97080 Wurzburg
https://www.ukw.de/nuklearmedizin/startseite/

in vivo

Justus-Liebig-Universitat Gieen (Justus Liebig
University Giessen)

Dezernat B 3.5/ Zentrale Strahlenschutzgruppe
Leihgesterner Weg 217

35392 GieRen

Tel.: +49 (0) 641 99-15052

Email: dirk.krambrich@admin.uni-giessen.de

in vivo

Universitatsklinikum Hamburg-Eppendorf (UKE)
(University Medical Center Hamburg-Eppendorf)
Klinik fir Nuklearmedizin

MartinistralRe 52

20246 Hamburg

Tel.: +49 (0) 40 74105-2944

Email: y.kobayashi@uke.de

in vivo



https://www.bfs.de/DE/themen/ion/service/inkorporation/messstelle-muenchen/messstelle-mue_node.html
https://www.bfs.de/DE/themen/ion/service/inkorporation/messstelle-muenchen/messstelle-mue_node.html
mailto:traudl.krec@framatome.com
mailto:rainer.bezold@framatome.com
https://www.ukw.de/nuklearmedizin/startseite/
mailto:dirk.krambrich@admin.uni-giessen.de
mailto:u.kirchner@uke.de
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Medizinische Hochschule Hannover (Hannover Medical
School)

Strahlenschutz und Medizinische Physik /
Inkorporationsmessstelle

Carl-Neuberg-Strale 1

30625 Hannover

Tel. +49 (0) 511 532-8404

https://www.mhh.de/ssmp

in vivo and in vitro

Universitatsklinikum Essen (Essen University Hospital)
Klinik und Poliklinik fur Nuklearmedizin

Hufelandstrale 55

45122 Essen

Tel.: +49 (0) 201 723-3283

Email: wilfried.sonnenschein@uk-essen.de

in vivo

Landesinstitut fir Arbeitsgestaltung
Inkorporationsmessstelle

Gesundheitscampus 10

44801 Bochum
https://www.lia.nrw.de/themengebiete/strahlenschutz/inkor
porationsmesstellel/index.html

in vivo and in vitro

Forschungszentrum Jualich

Geschéftsbereich Sicherheit und Strahlenschutz
Postfach 19 13

52425 Jilich

https://www.fz-
juelich.de/gs/DE/UeberUns/Organisation/S-B/S-
BI/_node.html

in vivo and in vitro

Universitatsklinikum Munster (Minster University
Hospital)

Klinik fiur Nuklearmedizin Ganzkdrperzahler
Albert-Schweitzer-Campus 1

48149 Mnster
https://www.ukm.de/index.php?id=7834

in vivo

Bayer AG / Pharmaceuticals
Radiation Protection

Aprather Weg 18a

42113 Wuppertal

Tel.: +49 (0) 202 36-3974

Email: Kristian.Wittke@bayer.com

in vitro

Rheinisch-Westfalische Technische Hochschule Aachen
Sachgebiet 10.63 Umwelt- und Strahlenschutz
Susterfeldstralie 65

52056 Aachen

Tel.: +49 (0) 241 80-94306

Email: strahlenschutz@zhv.rwth-aachen.de

in vivo
(thyroid measurements only)



https://www.mhh.de/ssmp
mailto:wilfried.sonnenschein@uk-essen.de
https://www.lia.nrw.de/themengebiete/strahlenschutz/inkorporationsmesstelle1/index.html
https://www.lia.nrw.de/themengebiete/strahlenschutz/inkorporationsmesstelle1/index.html
https://www.fz-juelich.de/gs/DE/UeberUns/Organisation/S-B/S-BI/_node.html
https://www.fz-juelich.de/gs/DE/UeberUns/Organisation/S-B/S-BI/_node.html
https://www.fz-juelich.de/gs/DE/UeberUns/Organisation/S-B/S-BI/_node.html
https://www.ukm.de/index.php?id=7834
mailto:Kristian.Wittke@bayer.com
mailto:strahlenschutz@zhv.rwth-aachen.de
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Johannes-Gutenberg-Universitat Mainz
Klinik und Poliklinik fiir Nuklearmedizin
Langenbeckstrale 1

55131 Mainz

Tel.: +49 (0) 6131 17-6737

Email: helmut.reber@unimedizin-mainz.de

in vivo

PreussenElektra GmbH

Messstelle fir Inkorporationsuberwachung
Osterende

25576 Brokdorf

Tel.: +49 (0) 4829 75-2460

Email: Sascha.Haberland@preussenelektra.de

in vivo

Kernkraftwerk Krimmel GmbH
Messstelle Inkorporationsuberwachung
Elbuferstrale 82

21502 Geesthacht

Tel.: +49 (0) 4152 15-2569

Email: thomasl.dunkel@vattenfall.de

in vivo

Universitatsklinikum Schleswig-Holstein Campus Kiel
Abteilung Medizinische Physik — Ganzkdorperzéhler
Arnold-Heller-StraRe 3

24105 Kiel

Tel.: +49 (0) 431 500 168 62

Email: Isong.Assam@uksh.de

in vivo

VKTA-Strahlenschutz, Analytik & Entsorgung
Rossendorf e.V.

Abteilung KSI

Inkorporationsmessstelle

Bautzner Landstrale 400

01314 Dresden
https://www.vkta.de/strahlenschutz/inkorporationsmessstel

le/

in vivo and in vitro



mailto:helmut.reber@unimedizin-mainz.de
mailto:Sascha.Haberland@preussenelektra.de
mailto:thomas1.dunkel@vattenfall.de
mailto:Isong.Assam@uksh.de
https://www.vkta.de/strahlenschutz/inkorporationsmessstelle/
https://www.vkta.de/strahlenschutz/inkorporationsmessstelle/
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Al-4 List of regional radiation protection centres

For an up-to-date list of regional radiation protection centres go to www.bgetem.de and enter

the code 12178646 in the search box.

Medizinische Hochschule Hannover

Klinik fir Nuklearmedizin/Stabsstelle
Strahlenschutz und Abt. Medizinische Physik —
OE 0020

Carl-Neuberg-Strale 1

30625 Hannover

Tel.:

(+49 (0) 176) 1532-3082 / 2295

(Nuclear Medicine)

Universitatskliniken des Saarlandes
Abt. fir Nuklearmedizin

Gebaude 50

66421 Homburg/Saar

Tel.:

(+49 (0) 6841) 162-2201(-3305*)

Karlsruher Institut fir Technologie (KIT)
Medizinische Abteilung
Hermann-von-Helmholtz-Platz 1

76344 Eggenstein-Leopoldshafen

Tel.:

(0721) 6082-3333

Charité - Universitatsklinikum Berlin
Klinik fir Nuklearmedizin

Charitéplatz 1

10117 Berlin

Tel.:

(030) 450 557 338
(450 657 024%)

Klinik und Poliklinik fiir Nuklearmedizin
Dresden

Universitatsklinikum Carl Gustav Carus an der
Technischen Universitat Dresden
Fetscherstrale 74

01307 Dresden

Tel.:

(0351) 458-2226

Klinik und Poliklinik fiir Nuklearmedizin der
Universitat Wirzburg

Oberdirrbacherstr. 6

97080 Wirzburg

Tel.:

(0931) 201-44400

Helmholtz Zentrum Minchen,
Medizinischer Dienst und Werkfeuerwehr
Ingolstadter Landstralie 1

85764 Neuherberg

Tel.:

(089) 3187-3990

* outside normal working hours
As at: 12 January 2022
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A2 Decontamination measures
A2-1 Decontamination of people

(Photo gallery, Radiobiology Institute of the German Federal Armed Forces)
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A2-2 Decontamination of wounds
(Photo gallery, Radiobiology Institute of the German Federal Armed Forces)
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A2-3 Instructions for cutting off clothes

Cutting pattern —
front

Cutting pattern —
back
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A3 Radiation questionnaires

A3-1 Radiation questionnaire for emergencies affecting small numbers of
people
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A3-2 Radiation questionnaire for emergency care centres (questionnaire IMK
2014a)
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A4  Count rates of contamination monitors commonly used in

disaster response for different contamination levels

The table below shows the breakdown according to contamination level.

Table A 1: Count rates (cps) NUVIA/SEA CoMo-170 ZS with absorber and protective plastic

cover, in adults, held at a distance of ten centimetres

Contamination

plastic cover)

level I Il 11 v Y
Contamination
(kBq cm™) <0.04 0.04-0.4 04-4 4-40 > 40
Decontamination Not Should be Recom- Urgently
. Necessary

necessary considered mended necessary
Count rates at
10 cm distance 30 300 3,000
(with absorber <30 to to to = 30,000
and protective <300 < 3,000 < 30,000

Table A 2: Count rates (cps) NUVIA/SEA CoMo-170 ZS with absorber and protective plastic
cover, in children, held at a distance of ten centimetres

Contamination

plastic cover)

level | Il 1 v V
Contamination
(kBq cm™) <0.04 0.04-0.4 04-4 4-40 > 40
Decontamination Not Should be Recom- Urgently
. Necessary

necessary considered mended necessary
Count rates at
10 cm distance 8 80 800
(with absorber <8 to to to = 8,000
and protective <80 < 800 < 8,000

Explanations:

- The absorber is the monitor’s plastic cover that comes with the device. The monitor is
also wrapped in plastic foil for protection against contamination.

- In adults, the measurement geometry involved measuring a 3,500 cm? test area on which

small quantities of $3’Cs had been distributed, from a distance of 10 cm.

- In children, the measurement geometry involved measuring a 1,000 cm? test area on
which small quantities of *’Cs had been distributed, from a distance of 10 cm.

- Covering the monitor with the absorber cap/protective cover is necessary for the monitor

to stay within its measurement range at these levels of contamination.

- The tests were set up by the monitor’s manufacturer, NUVIA Instruments GmbH, to
determine count rates as examples.
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A5 Rules of thumb (Regional Radiation Protection Centre
Handbook)

Estimating the gamma radiation dose rate of an external
0Co point source

\ Radioactivity of 3 Gbq at a distance of 1 m generates a dose rate of approx.1 mSv h''.

Estimating the beta radiation dose rate of an external
32P point source

\ Radioactivity of 1 Gbq at a distance of 10 cm generates a dose rate of approx.1 mSv ht,

At short distances from the source, beta radiation generates a surface dose rate 30 times greater
than that of gamma radiation given the same radiation level at the source.

Estimating the beta/gamma skin dose rate

In contaminated persons

Surface contamination of 1Bq per cm? with beta/gamma-radiation-emitting substances
generates a maximum beta skin dose rate of 2 uSv h?.

The same surface contamination with gamma radiation generates only approx. 1/100 of the
above skin dose rate, i.e. 0.02 uSv h?.
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A6 Personal protective equipment (PPE)

A6-1 Relevant legal requirements

Regulation (EU) 2016/425 of the European Parliament and of the Council of 9 March 2016
on personal protective equipment and repealing Council Directive 89/686/EEC:

https://eur-lex.europa.eu/legal-content/EN/T XT/PDF/?uri=CELEX:32016R0425&from=EN

Regulation (EU) 2016/425 sets out binding provisions for PPE requirements and the correct use
of PPE for all EU member states, and is applicable to PPE for all emergency response workers
apart from PPE specifically designed for use by the armed forces or in the maintenance of law
and order.

Act on the Implementation of Measures of Occupational Safety and Health of 7 August
1996 (Arbeitsschutzgesetz — ArbSchG):

https://www.gesetze-im-internet.de/arbschg/ArbSchG.pdf

Employers are obliged to carry out an assessment of risks associated with the respective place
of work in advance for each emergency worker and to document the assessment (Sections 5, 6
ArbSchG). In addition, employers must instruct emergency workers in the safe use of individual
components of PPE before any assignments where they may have to use them. These training
sessions must be repeated at regular intervals as necessary (Section 12 ArbSchG).

DGUV (German Social Accident Insurance) Regulation 112-190 of 1 November 2021:

https://publikationen.dguv.de/regelwerk/dguv-regeln/1011/benutzung-von-
atemschutzgeraeten

This handbook provides all actors working in occupational health and safety with guidelines on
the selection and use of breathing apparatus. It contains detailed information on categories of
breathing apparatus and how they work, how to select the appropriate devices and check that
they fit correctly, how and for how long to use them as well as preventive measures/fitness
examinations in occupational health. The information has been comprehensively updated
compared to the previous version from 2011.

German Ordinance on the Use of PPE (PSA Benutzungsverordnung — PSA-BV):
https://www.gesetze-im-internet.de/psa-bv/ __1.html

The German Ordinance on the Use of PPE was issued in 1996 to regulate the national
implementation of the PPE Directive 89/686/EEC in force at the time. This does not recognise
the equipment used by emergency response and rescue services or in civil protection and
disaster response as PPE. Ever since EU Regulation 2016/425 came into force, the current
version of PSA-BV has had only limited relevance.


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0425&from=EN
https://www.gesetze-im-internet.de/arbschg/ArbSchG.pdf
https://publikationen.dguv.de/regelwerk/dguv-regeln/1011/benutzung-von-atemschutzgeraeten
https://publikationen.dguv.de/regelwerk/dguv-regeln/1011/benutzung-von-atemschutzgeraeten
https://www.gesetze-im-internet.de/psa-bv/__1.html
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A6-2 Checklist for using PPE
European standards

Do the PPE components comply with the required EU standard specifications necessary for the
specific response operation?

CE marking

Do individual PPE components have the CE markings to prove that they conform to the EU
regulation on PPE? The CE numbers can be used to identify the institutions that carry out
conformity tests.

Use-by date

Are the components still within their use-by date? Many components lose their protective
properties after their use-by date. The ability of FFP face masks to retain particles, for example,
decreases as their electrostatic charge diminishes.

Checks before use

Is there any damage to the packaging? Are any components visibly damaged or is their function
otherwise impaired?

Risk assessment before use

Does the level of protection offered by individual components correspond to the risks identified
in respect of the specific response situation?
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A6-3 Selected PPE components for emergency response workers in radiation emergencies

Type of PPE Relevant Areas of use Special characteristics Images
markings
Body protection against | EN 1073-2 Category | PPE Not liquid-proof
SO“? :adloactlve Deployments in dry areas and/or | + vapour permeable (reduced heat build-up)
particles
under cover of roofs etc. - cannot be decontaminated using liquids
Liquid-proof body Type 3 Category Il PPE + protects against strong, targeted jets of liquid
proFectpn aga|r?st solid according to EN Deployments in wet areas (e.qg. + universal usability for most CBRN emergency
radioactive particles 14605 L . o
decontamination facilities) response situations
EN 1073-2 : . . .
Deployments which necessitate | - not vapour permeable (increased heat build-up)
wet decontamination
FFP2 face mask EN 149: 2001 Category | PPE Nominal protection factor 12
Deployments with low risk of Leftover stock may be used up until its use-by date.
incorporation in dry When purchasing new stock, the SSK recommends
environments (e.g. hospitals or switching to FFP3.
emergency care centres)
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FFP3 face mask EN 149: 2001 Category Il PPE Nominal protection factor 50
Deployments of short or medium | Preferably models with exhalation valves (reduced
duration involving exposure to exhalation resistance and moisture penetration)
radlgactlve particles in dry The suitability of specific models for individual
environments .
emergency workers must be determined before
deployment by so-called fit testing (qualitative
tightness test)
+ cheap, can be procured in large quantities
+ low threshold for use since COVID-19
- no tight fit for bearded persons
- significantly shorter useful life in comparison
Full face mask with P3 EN 136 Category Il PPE Nominal protection factor 1000
filter EN 143 Deployments of medium + already routinely used by many emergency

duration involving exposure to
radioactive particles in dry and
wet environments

response workers
+ excellent tight-fit properties
+ integrated eye protection

+ decontaminable, reusable — requires mandatory
occupational health check-up (G26 examination
according to the German Ordinance on
Occupational Health Care)
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Blower system
respirator with TH3
hood (includes highly
effective particle filter)

EN 12941

Category Il PPE

Deployments of medium or long
duration involving exposure to
radioactive particles in dry and
wet environments

Emergency response workers
with little experience in using
PPE (e.g. hospital staff)

Nominal protection factor 500

+ continuous airflow reduces heat build-up

+ can be worn during protracted deployments

+ very good seal due to positive internal pressure

+ suitable for all face shapes and for bearded
persons

+ little training necessary compared to other PPE
+ decontaminable, reusable

- relatively expensive

- requires battery management

- noisy — makes communication difficult

Protective eyewear,
gas-tight or particle-tight

EN 166 marked
5 on the frame

Category Il PPE

Deployments involving exposure
to radioactive particles that
require wearing an FFP3 or half-
mask respirator

Effective anti-condensation protection is essential
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