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Preface

The global crisis related to the reduction of energy fossil resources,
the reduction of potable water resources and the war for the control of
energy sources are part of the causes which can lead to an intentional
CBRNe (Chemical, Biological, Radiological, Nuclear, and explosive)
event. These kind of events could also be the consequence of an unin-
tentional release of substances (i.e., an accident of a truck containing
a Toxic Industrial Chemical), or of natural events like a tsunami or
an earthquake. Thus the high percentage of risk connected to their
occurrence is clear. A CBRNe emergency has not to be intended
exclusively as a war or terroristic event, but also as deriving from an
unintentional or natural one.

Speaking about accidental event, from a radiological point of view,
is the one that perhaps impressed us the most, but negatively: the
Fukushima Daiichi nuclear disaster, a catastrophic failure at the Fuku-
shima I Nuclear Power Plant on March 11, 2011. The failure occurred
after the tsunami triggered by the Tohoku earthquake hit the nuclear
plant and substantial amounts of radioactive materials were released
starting on March 12. This has become the largest nuclear incident
since the 1986 Chernobyl disaster, and the second (with Chernobyl)
to measure Level 7 on the International Nuclear Event Scale (INES).
300,000 people had to be evacuated from the area, approximately
18,500 died in the earthquake and tsunami events, and, as in August
2013, approximately 1,600 deaths were attributed to the evacuation con-
ditions, such as living in temporary housing and hospital closures. It is
easy to associate a nuclear event to war: Hiroshima and Nagasaki are
two unforgettable shocking moments of our contemporary history.
The atomic bombings of the cities of Hiroshima and Nagasaki in Japan
were conducted by the United States during the final stages of World
War Il in 1945. The two events are the only use of nuclear weapons in
war to date. The Little Boy atomic bomb was dropped on the city of
Hiroshima on August 6, 1945, followed by the Fat Man bomb on the
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16 Preface

city of Nagasaki on August 9. Within the first two to four months of
the bombings, the acute effects killed 90,000-166,000 people in Hiro-
shima and 60,000-80,000 in Nagasaki, with roughly half of the deaths
in each city occurring on the first day. During the following months,
large numbers died from the effect of burns, radiation sickness and
other injuries, compounded by illness. In both cities, most of the dead
were civilians, although Hiroshima had a sizeable garrison. Finally,
to give a more general description of the international scenario, it
is necessary to describe some CBRNe events related to terrorism.
Speaking about R-N terrorist attack, one of the most known was the
Alexander Litvinenko murder. In UK, Litvinenko became a journa-
list for a Chechen separatist site. On November 1, 2006, Litvinenko
suddenly fell ill and was hospitalized. For several days he suffered
of severe diarrhea and vomiting. At one point, he could not walk
without assistance. For several weeks, Litvinenko’s health conditions
worsened and doctors began to investigate the causes of his illness.
Litvinenko became physically weak, and spent periods unconscious.
He died three weeks later, becoming the first confirmed victim of
lethal Polonium-—210 induced acute radiation syndrome. According to
the doctors, “Litvinenko’s murder represents an ominous landmark:
the beginning of an era of nuclear terrorism”.

This analysis has a unique conclusion: the proper way to face these
emergencies is to build a team of highly prepared Tech Advisors and
First Responders to support Top Decision Makers, not only to deal
with the agents released, but mainly to manage the consequences on
the territory of occurrence, immediately and in the medium and long
term. At the present moment, experts of the kind are really few and
usually concentrated in the central administrative bodies.

This book is an important and useful tool for First Responders to
have a base—practical knowledge about radiation and associated risks
and to learn how evaluate the risks for them and for the population.
Exercises, examples and case studies makes the test interesting and
interactive. It is one of the most interesting and complete training text
book for first responders that have to face with R—N events.



Chapter I

Radioactivity

Before moving on to specific treatments, it is appropriate to recall
some basic concepts about radioactivity.

1.1. Some helpful reminders

The atom can be modeled as a planetary system consisting of the
nucleus and the electrons that revolve around atomic orbitals. Elec-
trons have an electric charge, negative, of 1.602176565 10-19 coulomb.
The core is composed of neutrons and protons. Neutrons are neutral
particles, while protons have a positive electric charge, equal in value
to that of the electrons. Overall, the atom is neutral, so the number
of electrons is equal to that of the protons. The chemical characteri-
stics of the elements derive from the number and distribution of the
electrons. The molecules, the smallest particles of a substance which
possesses the properties, are obtained from the chemical combination
of atoms, of the same or different elements. The mass is concentrated
almost exclusively in the nucleus. The electrons have a mass almost
2,000 times smaller than the mass of protons or neutrons, which in
turn have nearly equal masses and equal to 1 atomic mass unit. The
elements are characterized by the atomic number (number of protons,
equal to the number of electrons), indicated with Z, and the mass
number (number of protons plus the number of neutrons), indicated
by A. The generic element X is so designated:

A
ZX.

Currently known chemical elements are 118 and they are ranked
in the periodic tablebased on their atomic number. Those with

17



18 Radioactivity

® /e &

hydrogen lH deuterium%H tritium 31H

(1 proton and 1 electron) (1 proton 1 neutron and 1 lectron) (1 proton 2 neutrons and 1 electron)

Figure 1.1. Hydrogen isotopes.

the atomic number greater than 92 were artificially obtained and are
commonly called transuranic, being the uranium the natural element
with the highest value of Z, precisely equal to 92.

In the indication of the element sometimes the atomic number is
omitted, as characteristic and constant for each individual element. It
has importance instead, particularly in radiology, the number of mass
that, for equal elements, may be variable. For simplicity the elements
can be therefore identified with their symbol followed only by the
mass number. For example, the radio **°Ra, with atomic number
equal to 88 and mass number equal to 226, can be indicated as Ra—226.
The atoms of the same element, therefore, may exist with different
number of neutrons. The chemical characteristics remain unchan-
ged, while changing the nuclear characteristics, having different mass
numbers. These atoms are called isotopes or nuclides. Some isotopes
of an element may be radioactive and are called radioisotopes or ra-
dionuclides. In the Fig. 1.1 hydrogen and its isotopes are represented:
deuterium, stable isotope, and tritium, the radioactive isotope.

1.2. Radioactivity

The term radioactivity means the phenomena originated from the
“radionuclides”, nucleuses of atoms unstable because of their com-
position (number of neutrons and protons). Radionuclides tend to
a stable condition through a process in time called “disintegration”
or “Decay”, with the emission of radiation in the form of particles
(alpha radiation, beta radiation, neutrons) and/or electromagnetic
waves. Following the decay the radionuclide turns itself into another
nuclide. Even if the latter is not stable, the process will be repeated
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through a so—called decay chain, until a stable isotope is obtained. The
radionuclides can be of natural or artificial origin, created by man
varying the structure of nucleuses of stable atoms. In their path the
nuclear radiations are able to transfer their energy to the electrons of
the atoms of the substances that they cross, enabling them to escape
from the atom resulting in the so—called phenomenon of ionization.
For this reason it is called ionizing radiation. Ionizing radiation may be
directly ionizing (alpha, beta) or indirectly ionizing (gamma rays, X-rays,
neutrons). The energy lost by the radiation towards an atom’s elec-
tron, may also be not enough to produce ionization but only for the
electron transition to a higher orbit. In this case we have the excitation
of the atom to which follows a de—excitation with the emission of a
photon.

Figure 1.2. Radiations.

1.2.1. Directly ionizing radiation

The directly ionizing radiation are so called because in their path they
interact in a direct and continuous way with the atoms of matter,
through their electric fields, transferring their energy to the electrons
that can be ionized. This happens if the transferred energy is higher
than the one of the bond, and the electron acquires kinetic energy
equal to that excess. The so produced electrons may in turn ionize, in
their path, other atoms.



